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The mere formulation of a problem is far more essential than its 
solution, which may be merely a matter of mathematical or experi-
mental skills. To raise new questions, new possibilities, to regard old 
problems from a new angle requires creative imagination and marks 
real advances in science. Imagination is more important than 
knowledge. The important thing is not to stop questioning.

Albert Einstein

During the past 30 years, thanks to the efforts of leading 
urologists, gynecologists, basic scientists, pharmacologists, neu-
rophysiologists, and geriatricians, we have made unprecedented 
achievements in female pelvic medicine and reconstruction. 
These people have worked hard and deserve all the respect and 
honor they receive. They have done remarkably well in applying 
new ideas and technologic advances to the fi eld.

Intellectual capital is knowledge, information, and experience 
that can used to create better medicine. This collective brain-
power it is hard to identify and harder still to deploy effectively, 
but once found and exploited, success is at hand. In this book, 
we have used this intellectual brainpower of all our collaborators 
to address simple and complex clinical conditions, with a focus 
on many medical and surgical specialties.

We have resisted the temptation to offer easy formulas and 
checklists because the fi elds of female pelvic medicine and recon-
structive surgery are new and continuing to evolve. Although 
some of the chapters written today may be outdated at the time 
of publication, we have done our best to provide the most current 
information available.

The principal contribution of this book is the array of chapters 
written by leaders in the fi eld that describe the challenges of 
female pelvic medicine and reconstruction and that offer a frame-
work on which health care professionals can build useful and 
valuable strategies for treating patients. Although the authors 
have expressed their own opinions, they also have incorporated 
the most current scientifi c and clinical information into acces-
sible formats. They have researched the best evidence for clinical 
application and have critically appraised that evidence for its 
validity and usefulness. We thank them all for their great 
efforts.

We will count this book a success if it inspires many readers 
to generate ideas far beyond any we have included or we could 
imagine.

Shlomo Raz and Larissa Rodríguez

PREFACE
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Knowledge of the prenatal development of the genitourinary 
system is essential to understand congenital disorders and normal 
urinary tract function and anatomy. This chapter summarizes the 
key milestones in genitourinary tract development at the organ 
and cellular levels. Many genes appear to play key roles in the 
molecular signals for development and differentiation of compo-
nents of the genitourinary system. These genes are temporally 
and locally expressed during development, and without them, 
normal development fails.1 The kidney development database2 
(http://www.ana.ed.ac.uk/anatomy/database/kidbase) provides a 
list of these genes, and updated or revised designations can be 
found in the international database (http://www.gene.ucl.ac.uk/
nomenclature).

DEVELOPMENT OF THE GENITOURINARY SYSTEM

The genitourinary system begins to take form from intermediate 
mesoderm in the third week of gestation. At this point, the 
embryo is a bilaminar disk composed of external ectoderm and 
internal endoderm. The longitudinal growth of the embryo 
begins to exceed its transverse growth, such that the resulting 
tension induces folding of the cranial and caudal ends toward 
one another around the umbilical stalk. This folding brings the 
cloacal membrane (a bilaminar membrane in the caudal portion 
of the embryo, distal to the allantois) ventrally. The endoderm-
lined yolk sac dilates, and the cloaca forms.

The cloaca ultimately is divided into the anterior urogenital 
sinus and the posterior rectum (Fig. 1-1), although the mecha-
nism is debated. It was once believed that urorectal folds on 
either side of the midline grew caudomedially to fuse with the 
cloacal membrane and divide the cloacal membrane into the 
urogenital sinus and the dorsal rectum by week 7. Subsequent 
regression of the tail then rotated the urogenital sinus and rectum 
dorsally. Some investigators3,4 have suggested that the urorectal 
septum may not exist or may not fuse with the cloacal 
membrane.

The development of the urinary tracts and portions of the 
genital system is induced by the mesonephric and parameso-
nephric (müllerian) ducts. Both ductal systems grow toward the 
urogenital sinus; the mesonephric ducts grow medially, whereas 
the müllerian ducts have already fused into a single midline 
structure. Fusion of the wolffi an ducts with the cloaca occurs by 
the middle of the fourth week (day 24). The junction of the mül-
lerian ducts and the urogenital sinus is a central embryologic 
location called Müller’s tubercle. The mesonephric ducts bend 
laterally; at this bend, a ureteric bud forms. The portion of the 
mesonephric duct between the urogenital sinus and the ureteric 
bud is called the common nephric duct, and by day 33, it is 

absorbed into the urogenital sinus, providing an island of 
mesoderm in the otherwise endoderm-based urogenital sinus 
(Fig. 1-2). This mesodermal island expands laterally to become 
the trigone of the bladder. The location of the ureteric bud 
relative to the urogenital sinus determines whether the ureteral 
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Figure 1-1 Development of the lower urinary tract. At 4 weeks, the 
cloaca is divided by a septum into an anterior urogenital sinus and 
posterior rectum. The mesonephric duct already joins the anterior 
portion of the cloaca, and the ureteral bud has started to develop 
at the bend of the mesonephric duct as it turns forward and 
medially to join the urogenital sinus. At 6 weeks, the urorectal 
septum progressively separates the urogenital sinus anteriorly from 
the rectum posteriorly. By week 7, the separation is complete, 
and the ureter and the mesonephric duct acquire separate openings 
in the urogenital sinus. After the 12th week, the ureter starts its 
upward and lateral movement as the mesonephric duct moves 
downward and medially. Tissue absorbed in between forms the 
trigone.
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4 Section 1 BASIC CONCEPTS

orifi ces will be orthotopic; a ureteric bud that originates on a 
short, common nephric duct will be incorporated sooner into 
the bladder, with resultant lateral displacement of the ureteral 
orifi ces. The intramural ureteral tunnel predisposes to vesico-
ureteral refl ux. Conversely, ureteric buds that are located a great 
distance from the urogenital sinus will be incorporated into the 
urogenital sinus later and may be associated with ectopic drain-
age into surrounding structures.

The ureteric bud continues to grow craniolaterally while the 
mesonephric duct (distal to the bifurcation of the common 
nephric duct into the mesonephric duct and ureteric bud) grows 
caudomedially. The ureter undergoes a process of obstruction 
during the sixth week (37 to 40 days) and then is recanalized from 
the central portion to the cranial and caudal limits. Incomplete 
recanalization at either end may account for obstruction at the 
ureteropelvic junction or at the ureterovesical junction, where a 
thin transient membrane (i.e., Chwalla’s membrane) may fail to 
dissolve. The cuboidal epithelium of the immature ureter evolves 
to a lining of transitional cells by 14 weeks.5

The urogenital sinus expands caudally to form the bladder 
and gives rise to the posterior urethra in males or the entire 
urethra and distal third of the vagina in females. The cranial 
portion of the urogenital sinus tapers during the third month of 
gestation so that the allantois forms the urachus and the saccular 
bladder remains in place. The intramural bladder wall develops 
throughout the remainder of gestation, with collagen formation 
beginning in the lamina propria and with subsequent intercala-

tion between intramural muscle fi bers. Intramural muscle fi bers 
form as perivesical splanchnic mesoderm matures after induction 
by epithelial-mesenchymal interactions. Compliance of the fetal 
bladder increases over time in human fetuses and in animal 
models.6,7 Koo and colleagues7 showed a decreasing ratio of type 
3 to type 1 collagen in the fetal bovine bladder; the changing 
ratios of perivesical collagen and muscle likely account for at least 
a portion of this evolution.

Renal and Ureteral Development

The renal excretory unit is the result of a complex developmental 
process infl uenced by reciprocal induction of mesenchyme and 
the ureteric bud and by many molecular events. The kidney 
develops in three stages. The fi rst is the pronephros, which arises 
late in the third week in the cranial portion of the embryo. Pro-
nephric tubules develop cranially and extend caudally, but they 
degenerate quickly, and the pronephros is obliterated by the start 
of the fi fth week. By day 24, mesonephric ducts are present at the 
ninth and tenth somites. These ducts grow caudally to the cloacal 
membrane by day 28, fuse in the midline, and eventually form 
the bladder. Caudal canalization and then cranial canalization 
follows. The mesonephros, unlike its predecessor, is able to 
accomplish limited excretory function for the growing embryo. 
Mesonephric tubules along the medial nephrogenic cords form 
and dissolve, sequentially disappearing by the fourth month of 
development to leave only remnants. Some tubules develop 
lumens and vesicles and twist into an S shape, in which the lateral 
portion becomes the mesonephric duct and the medial portion 
surrounds capillaries originating in the aorta and forms a primi-
tive renal corpuscle. Cranially, the tubules form efferent ductules. 
The mesonephric ducts give rise to the epididymis and vas 
deferens, and in females, remnants persist as the paroöphoron 
and epoöphoron, which are vestigial mesosalpingeal structures.

The metanephros gives rise to the fetal kidney. It forms in the 
sacral region as the ureteric buds arise from the mesonephric 
ducts. As the ureteric buds grow cranially, they encounter meta-
nephric mesenchyme on about day 28. After the ureteric bud 
contacts the mesenchyme, release of many factors culminates in 
reciprocal induction of growth factors governing the develop-
ment of the metanephric system. The ureteric bud divides repeat-
edly between weeks 6 and 32 of development, ultimately giving 
rise to the collecting system: the collecting ducts, calyces, renal 
pelvis, and ureter. The metanephric mesenchyme gives rise to the 
parenchymal portions of the kidney that perform fi ltration and 
clearance: the glomeruli, proximal and distal tubules, and loop 
of Henle. Because of the lengthy period during which branching 
of the ureteral bud occurs, the growth of the metanephric mes-
enchyme that will give rise to renal parenchyma is not uniform; 
nephrons at the juxtamedullary region are formed earlier and 
mature sooner than nephrons in more peripheral locations. 
Nephrons undergo four defi ned stages of development in the 
human. Stage I occurs when the metanephric mesenchyme is 
fully discrete from the ureteral bud. Stage II begins when the S-
shaped nephron connects with the ureteral bud. In stage III, an 
ovoid structure emerges, and in stage IV, a round glomerulus is 
seen. Most nephrons in humans are stage IV at birth, although 
maturation is completed fully in the early postnatal period.5

As the kidneys grow, their location in the embryo becomes 
progressively more cranial; this is likely caused by active growth 
of the kidney parenchyma and by increased differential growth 
of the caudal portion of the embryo. As a result, the kidneys 
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Figure 1-2 The lower end of the mesonephric duct as it joins the 
anterior division of the cloaca. Notice that the common nephric 
duct is progressively absorbed into the urogenital sinus. By week 7, 
the ureter and the mesonephric duct have separate openings, and 
rotation takes place. The ureter moves upward and laterally, and 
the mesonephric duct moves downward and medially, expanding 
the absorbed tissue to form the trigonal structure.
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 Chapter 1 DEVELOPMENTAL ANATOMY AND UROGENITAL ABNORMALITIES 5

ascend from their initial pelvic location to the upper retroperito-
neum. As renal ascent proceeds, new blood vessels are generated 
cranially, and the more caudal blood vessels break down. In 
postnatal patients with renal ectopia, the renal blood supply is 
typically anomalous because angiogenesis is arrested when renal 
ascent ceases. The possibility of an aberrant blood supply should 
be considered in any patient with renal ectopia.

Formation of the Urogenital Sinus and External Genitalia

With dissolution of the tail and further development of the lower 
abdominal wall, the cloaca returns to a more dorsal position, and 
mesodermal proliferation in the fi fth week forms genital tuber-
cles. These tubercles ultimately fuse in the midline to form the 
phallus or clitoris. The urogenital sinus remains at the base of the 
tubercles; the folds of the urogenital sinus ultimately fuse in 
the male to form the penile urethra and widen in the female to 
form the vaginal vestibule and the discrete labia minora. The 
endodermally derived urethral groove develops from the uro-
genital sinus in the sixth week, and the urethral plate (a deepen-
ing of this groove) forms shortly thereafter. Male and female 
embryos remain morphologically identical until approximately 
12 weeks’ gestation.

Abnormalities of the Urogenital Sinus

Bladder exstrophy occurs in approximately 1 of 30,000 births and 
is seven times more likely in children conceived through in vitro 
fertilization.8 This disorder is characterized by early rupture of 
the cloacal membrane, which is sometimes related to an intrinsic 
defect in the membrane. It is more common in males than in 
females by a ratio of approximately 2:1 to 6:1,9 and it is related 
to epispadias and to cloacal exstrophy. The latter condition is also 
associated with early rupture of the cloacal membrane, although 
it occurs much less commonly (1 in 200,000 to 400,000 births10). 
Although no genes associated with either condition have been 
defi nitively identifi ed, the risk of bladder exstrophy is substan-
tially greater with an affected relative (1 in 275) or an affected 
parent (1 in 70).9 Mesenchymal ingrowth between the ecto-
dermal and endodermal layers of the cloacal membrane ulti-
mately results in formation of the lower anterior abdominal wall 
and division of the cloaca into the anterior urogenital sinus and 
posterior rectum. Both disorders are associated with malfor-
mations of other organ systems, including the limbs, lower 
anterior abdominal wall, pelvic girdle, and in the case of cloacal 
exstrophy, the hindgut. Management of these conditions remains 
challenging.

Gonadal Development

Development of the testes and ovaries is initiated in the fi fth week 
of gestation, when germ cells from the yolk sac migrate to the 
posterior body wall, inducing formation of the urogenital ridge 
medial to the mesonephros (Fig. 1-3). Invasion of the adjacent 
mesenchyme in the sixth week creates a primitive gonad with 
epithelium and blastema; the latter is formed from loosened 
epithelial cells. Persistent growth of the germinal epithelium into 
the adjacent mesenchyme forms cords that ultimately branch 
many times and form seminiferous tubules.

Initially, all embryos have the potential to become male or 
female; the development of internal or external genitalia is an 
event infl uenced by genetic, endocrine, and paracrine factors. 

SRY, a gene on the short arm of the Y chromosome, induces 
formation of the Sertoli and Leydig cells. It also induces secretion 
of anti-müllerian hormone (AMH), formerly called müllerian-
inhibiting substance (MIS), which induces regression of the mül-
lerian system between 8 and 10 weeks’ gestation.5 Remnants of 
the müllerian system in the male include the prostatic utricle and 
the appendix testis. AMH has unilateral paracrine activity, and 
expression is required locally and bilaterally to achieve eradica-
tion of müllerian structures. Failure of testicular secretion of 
AMH or lack of receptive tissue results in persistence of the mül-
lerian structures ipsilaterally as a miniature uterus and fallopian 
tube, typically associated with an inguinal hernia (i.e., hernia 
uteri inguinale). In the absence of SRY protein and AMH, ovarian 
follicles form from the maturing cortex at 3 to 4 months.

Testosterone, which is secreted by the Leydig cells, and dihy-
drotestosterone, which is a derivative of testosterone arising from 
the action of 5α-reductase, play key roles in the development of 
the male ductal anatomy and external genitalia. Testosterone 
induces formation of the vasa deferentia and efferent ductules. 
Cranially, the mesonephric ducts degenerate, leaving the epididy-
mis and its appendix. The distal mesonephric ducts give rise to 
the seminal vesicles. Testosterone stimulation and local conver-
sion to dihydrotestosterone induce development of the prostate. 
Dihydrotestosterone also is locally responsible for fusion of the 
labioscrotal folds and the phenotypic development of the male 
external genitalia. Figure 1-4 illustrates the developmental and 
phenotypic correlates of male and female external genitalia.

Descent of the fetal gonad is a two-step process. During the 
third month, the embryonic gonad is retroperitoneal and 
descends caudally so that by the seventh month, it is at the inter-
nal inguinal ring. The gubernaculum forms in the seventh week, 
and the processus vaginalis develops as a peritoneal outpouching. 
The second phase of scrotal descent occurs during the eighth and 
ninth months.

The exact mechanism by which the testicle descends into the 
scrotum is unknown. Theories include contraction of the crem-
asteric fi bers with resultant shortening of the gubernaculum, 
swelling of the tissue surrounding the inguinal canal such that 
the canal is widened suffi ciently for passage of the testis, and 
increased intra-abdominal pressure with subsequent passage of 
the testis through the inguinal canal.5 The ovarian gubernaculum 
attaches to the müllerian ducts in the seventh week when fusion 
of the paramesonephric structures creates the broad ligament 
from folds of peritoneum. The gubernaculum then divides into 
two portions. Superiorly, the ovarian ligament connects the 
uterus and ovary, and inferiorly, the round ligament connects the 
ovary and the labioscrotal folds.

Abnormalities in Development of 
Internal and External Genitalia

Abnormalities in the development of the internal and external 
genitalia can be divided into those in which only the external 
genitalia are affected and those in which the internal and external 
genitalia are affected. Disorders in which the external genitalia 
are affected are considered ambiguous genitalia (“hermaphrodit-
ism”) and occur in approximately 1 of 30,000 live births. Male 
pseudohermaphrodites are genetically 46,XY, with preserved 
wolffi an duct structures and internal testicular tissue but femi-
nized external genitalia.11,12 Female pseudohermaphrodites (60% 
to 70% of hermaphrodites) are genetically 46,XX, with preserved 
müllerian structures and internal ovarian tissue but virilized 
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6 Section 1 BASIC CONCEPTS

external genitalia. True hermaphrodites are rare and have both 
ovarian and testicular tissue, typically with a 46,XX genotype11; 
there is no consistent appearance of the external genitalia, but 
about 75% of patients have male external genitalia with hypospa-
dias and variable gonadal descent.12

Female pseudohermaphrodites are most commonly the result 
of 21-hydroxylase defi ciency,11 an autosomal recessive disorder 
in which insuffi ciency of this enzyme leads to incomplete synthe-
sis of all products in the steroidogenic pathway in the adrenal 
gland. The lack of production of the fi nal product yields lack of 
feedback on the precursors, and intermediate products (many of 
them androgenic at high doses) accumulate. Less commonly, 
other enzymes in the steroidogenic pathway are affected; 3β-

hydroxylase defi ciency is rare, whereas 11-hydroxylase defi ciency 
is associated with salt retention and hypertension rather than the 
salt wasting observed with 21-hydroxylase defi ciency. The end 
result is virilization of the external genitalia while the normal 
female internal genitalia are preserved. Less frequently, extrinsic 
exposure to androgens can be the cause. In either case, manage-
ment of the affected patient includes correction of the electrolyte 
abnormalities and reconstruction of functional phenotypic 
anomalies.

Male pseudohermaphrodites arise through defects in andro-
gen synthesis or recognition in the developing embryo. Androgen 
resistance is an X-linked abnormality seen in approximately 1 of 
60,000 newborns, in which the testes form and function normally 

Genital tubercle

Urethral folds

Urogenital slit

Labioscrotal swelling

Anal pit

Tail
16.8 mm

Glans

Genital tubercle

Urogenital slit

Urethral folds

Labioscrotal
swelling

Anus

49.0 mm 45.0 mm

Clitoris

Glans penis

Urethral meatus

Labia
minora

Vaginal
orifice

Labia
majora

Scrotum

Raphe

Anus

Figure 1-3 The undifferentiated sexual structures early in 
embryonic life (eighth week) grow and differentiate into  
female or male forms. The representative segments and their 
future course (depending on sexual differentiation) are 
illustrated. (From Tanagho EA: Embryology of the genitourinary 
system. In Tanagho EA, McAninch JW [eds]: General Urology, 
14th ed. Norwalk, CT, Appleton & Lange, 1995.)
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 Chapter 1 DEVELOPMENTAL ANATOMY AND UROGENITAL ABNORMALITIES 7

but the target tissues have a receptor defect that renders them 
insensitive to androgens.11,13 AMH is still secreted by the normal 
testes, and the müllerian ducts degenerate. Wolffi an structures 
are preserved. Many of these patients present at puberty, but 
patients who are identifi ed soon after birth can be given testos-
terone or human chorionic gonadotropin to stimulate phallic 

growth and determine whether male gender assignment is feasi-
ble.11 Testes should be closely monitored or removed because of 
the risk of dysgerminoma.

True hermaphroditism is associated with the presence of 
ovarian and testicular tissue. Lateral hermaphroditism is associ-
ated with the presence of an ovary on one side and a testis on the 

Figure 1-4 Development of the male and female external genitalia. Notice that the genital tubercles that develop on the undersurface of the 
cloacal membrane progressively enlarge and fuse to form the body of the penis in the male and to form the clitoris in the female. Fusion of 
the urethral folds completes the urethral formation in the male, whereas the folds remain as the labia in the female. The post-tubercle 
segment of the urogenital sinus opens to become the vaginal vestibule of the female, whereas in the male, it forms part of the urethra, 
which is completed by the urethral fold fusion.
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8 Section 1 BASIC CONCEPTS

other. Unilateral hermaphroditism is associated with an ovotestis 
on one side and a normal gonad on the other. Bilateral hermaph-
roditism is associated with bilateral ovotestes. Like male pseudo-
hermaphroditism, true hermaphroditism is associated with an 
increased risk of neoplastic conversion in the testis.11

Less common abnormalities of gonadal development include 
mixed gonadal dysgenesis and pure gonadal dysgenesis. In the 
former, karyotypes are typically 45,X/46,XY, and patients have a 
single testis accompanied by a streak ovary. These patients are at 
increased risk for dysgerminoma. In pure gonadal dysgenesis, 
ambiguous genitalia are not present; these patients are at increased 
risk for gonadoblastoma.11,12

Because formation of the female reproductive system from the 
müllerian ducts relies on fusion of primitive structures, abnor-
malities of fusion are not uncommon. Normal development of 
the müllerian system relies on elongation of the epithelial tubes 
lateral to the wolffi an ducts, fusion of these ducts after reaching 
Muller’s tubercle, independent recanalization of each side, and 
resorption of the residual septum in a caudad-to-cephalad 
fashion. Failure at any of these steps may result in disorders such 
as unicornuate uterus, persistent vaginal septum with resultant 
septate vagina, or Mayer-Rokitansky-Küster-Hauser syndrome 
(1 in 5000).14 In the latter syndrome, failure of müllerian duct 
fusion gives rise to vaginal agenesis, although the ovaries and 
fallopian tubes develop normally. Concomitant renal and geni-
tourinary (15% to 40%) or skeletal (12% to 50%) abnormalities 
occur.11,15

MOLECULAR CAUSES OF 
ABNORMAL DEVELOPMENT

During the past decade, signifi cant advances have been made in 
the identifi cation of the genes and their proteins involved in the 
normal and abnormal development of the genitourinary tract. 
Knowledge of the precise molecular events involved in embryo-
genesis is evolving rapidly, and key genes and proteins crucial to 
certain steps in genitourinary development are discussed in the 
following sections.

FGF10

Fibroblast growth factor 10 (FGF10) is expressed in the mesen-
chyme of the genital tubercle; FGF8 is expressed by urethral 
tissues. Interactions between these structures likely induce growth 
of the male phallus. The lack of FGF10 expression is theorized to 
account for the hypospadiac morphology with failure of fusion 
of the distal urethral plate, although the plate itself appears to 
develop normally because of the presence of FGF-8.16,17

GDNF

Glial cell–derived neurotrophic factor (GDNF) is a mesenchyme-
derived signaling factor that is a member of the transforming 
growth factor-β (TGF-β) family. It acts as the ligand for the RET 
receptor and induces growth of the ureteral bud during its inter-
action with the metanephric mesenchyme. In GDNF-knockout 
animals, development of the pronephros and mesonephros 
proceeds normally, but metanephric development is stunted by 
the lack of reciprocal interactions between the mesenchyme and 
the ureteral bud.18 Similar defects are seen in WT1 mutants19 and 

RET-defi cient mutants, although the latter may have primitive, 
poorly developed kidneys.1,19

WNT4

WNT4 (i.e., wingless-type mouse mammary tumor virus 
[MMTV] integration site family member 4 protein) is expressed 
in the mesenchyme adjacent to the mesonephric ducts and in the 
metanephric mesenchyme. WNT4 mutants have abnormally 
small, dysplastic kidneys and arrest of development at the level 
of formation of the renal tubules and renal epithelium from the 
mesenchyme.1 It is theorized that WNT4 signals enable organiza-
tion of the epithelial cells into tubular structures.19

AMH

Behringer and colleagues20 found that in AMH knockouts, testes 
were bilaterally descended, but the female reproductive organs 
remained intact, although they were often hypoplastic. Testes 
had Leydig cell hyperplasia, but spermatogenesis and semen 
analyses were normal in the affected animals. In contrast, mice 
that did not produce AMH but who also had a defect in the 
androgen receptor had absent wolffi an structures and bilaterally 
undescended testes with maturational arrest in spermatogenesis. 
AMH is thought to exert its effects through paracrine actions, 
and it must be present before week 8 of gestation to induce 
müllerian regression.18

Bartlett and coworkers21 evaluated mice heterozygous for the 
AMH gene. These heterozygotes had poor development of the 
cremaster-gubernacular complex; the gubernaculums did develop 
but remained fi brotic and had poor cremaster development. 
Testes descended normally in these mice. The investigators con-
cluded that AMH was not the determinant of gubernacular 
development or testicular descent but that it did play a key role 
in cremaster development.

Defects in the type II anti-müllerian hormone receptor gene 
(AMHR2) (formerly referred to as the MIS type II receptor gene) 
have also been associated with persistent presence of parameso-
nephric structures. Persistent müllerian duct syndrome (PMDS) 
is a subtype of male pseudohermaphroditism in which the exter-
nal genitalia are virilized and are morphologically normal, but 
paramesonephric structures persist. Hoshiya and associates22 
reported a novel mutation in the AMHR2 gene caused by abnor-
mal splicing; prior research identifi ed additional abnormalities in 
the gene caused by base pair mutation in an intron and by dele-
tion of genetic material from an exon.

AMH is a hormone associated with the TGF-β family that is 
expressed in neonates, with a peak level occurring in male infants 
and in prepubertal girls. In addition to effects on degeneration 
of the müllerian system, its exact hormonal effects are unknown. 
However, it was shown to decrease testosterone production by 
the Leydig cells by a cytochrome P450–dependent mechanism in 
one study.23 Testosterone levels were increased in normal con-
trols compared with hypospadiacs, and AMH protein levels were 
inversely correlated, suggesting that AMH may infl uence external 
genital development and induce the hypospadiac phenotype.

AMH expression has been a useful means of differentiating 
between patients with extrinsic and those with intrinsic viriliza-
tion. Because AMH is synthesized by the Sertoli cells, elevated 
AMH levels in male infants with undescended testes suggest the 
presence of normal or malignant testicular tissue, whereas the 
absence of AMH is associated with residual ovarian tissue.24
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KSP-Cadherin

KSP-cadherin, also designated CHD16 or cadherin 16, is a cell-
adhesion molecule expressed solely in the tubular epithelial cells 
of the kidney and genitourinary tract during prenatal develop-
ment. Using protein linkage and immunoassays, expression of 
KSP-cadherin has been localized to the embryonic ureteric bud, 
wolffi an duct, müllerian ducts, and mesonephric and metaneph-
ric structures. In adults, expression is limited to the thick ascend-
ing loop of Henle, proximal renal tubules, and Bowman’s 
capsules. Shao and colleagues25 demonstrated that tissue-specifi c 
expression of this protein could be established through linkage 
to a promoter and that a small segment of DNA adjacent to the 
promoter was adequate for tissue-specifi c expression. Although 
the exact function of KSP-cadherin has not been elucidated, its 
tissue-specifi c expression during development suggests that it 
may be involved with organogenesis of the genitourinary 
system.25

PAX2

PAX genes have been linked in previous research to abnormal 
prenatal development of the renal and visual systems, including 
Waardenburg’s syndrome, aniridia, and alveolar rhabdomyosar-
coma. PAX2 (i.e., paired box gene 2) is localized to chromosome 
10. It is expressed in the mesonephric ducts, ureteral bud, and 
the periureteral mesenchyme, and it is absent in mature 
nephrons.

Animals heterozygous for the PAX2 gene had diminished 
kidney size and disorganized structure, with a thin cortex, 
decreased number of cortical structures, increased cystic compo-
nents, and immaturity of mesenchyme-derived tissue.18 Homo-
zygous PAX2-knockout animals manifested renal agenesis 
associated with failure of wolffi an duct formation.26 These abnor-
malities are referable to failed branching of the ureteral bud, lack 
of appropriate differentiation of the metanephric mesenchyme, 
or failure of reciprocal induction of the mesenchyme and ureteral 
bud.26 Sanyanusin and coworkers27 found similar ultrastructural 
abnormalities in heterozygotes in a family cohort with a known 
PAX2 mutation who were affected by optic nerve colobomas and 
genitourinary abnormalities, including vesicoureteral refl ux and 
anomalous renal development. Animal models homozygous for 
PAX2 mutations failed to develop genitourinary tracts; develop-
ment of the external genitalia was also abnormal because of 
limited growth of the mesonephric duct and subsequent failure 
of the subdivision of the cloaca.1

WT1

Wilms’ tumor 1 gene (WT1) is one of the most well-known genes 
in renal development. Located on chromosome 11p, its linkage 
to the appropriate receptor results in blockage of transcription, 
and abnormal linkage is associated with development of Wilms’ 
tumors. Clarkson and associates28 demonstrated that mutations 
in the WT1 gene were associated with nephric anomalies and 
genital anomalies, although the latter were not observed indepen-
dently of the former. Expression of the WT1 protein has been 
localized to the mesonephric tubules and metanephric mesen-
chyme, and prenatal lack of expression is associated with failure 
of metanephric development; WT1-knockout mice fail to develop 
caudal mesonephric tubules, which ultimately give rise to renal 
structures.18 The local events surrounding WT1 expression appear 

to include suppression of insulin-like growth factor 2 (IGF2) 
expression in the local mesenchyme, because IGF2 is expressed 
before WT1 activity, and IGF2 expression declines in the pres-
ence of WT1.19

WT1 has been associated with prenatal expression of PAX2 
and AMH. WT1-knockout mice fail to express PAX2, and WT1 
is thought to exert effects on AMH expression in the developing 
embryo. Activity of the AMH promoter is known to be under the 
infl uence of many substances, including WT1, GATA-binding 
protein 4 (GATA4), SRY-box 9 (SOX9), and splicing factor 1 
(SF1). WT1 expression in the developing embryo parallels that 
of AMH expression while müllerian regression takes place, and 
WT1 binds to a specifi c region of the AMH promoter.29 Abnor-
malities in the WT1 gene are associated with development of 
Wilms’ tumor and with less common syndromes such as the 
Denys-Drash syndrome (i.e., ambiguous genitalia, rudimentary 
gonads, nephrotic syndrome, and Wilms’ tumor) and Frasier 
syndrome,29 which is characterized by dysgenetic gonads and 
renal anomalies with development of the nephrotic syndrome.30 
Abnormalities in sex differentiation of WT1 mutants are linked 
to preservation of a triplet of amino acids (KTS: lysine, threonine, 
and serine); without KTS preservation, there is decreased synthe-
sis of AMH and SRY. Genetic males with a 46,XY karyotype 
will be phenotypic females with preservation of müllerian 
structures.30

HOXA

Homeobox genes have been identifi ed in multiple organisms, 
from mammals to insects and lower organisms, and they appear 
to affect structural symmetry during organogenesis. Research has 
identifi ed homeobox genes as important for the normal develop-
ment of the genitourinary tract. Cohn31 reviewed the research 
that found that homeobox genes were needed for the normal 
growth and differentiation of the urethral plate and distal genital 
tubercle. Development of the genital tubercle parallels that 
of development of the limb buds in the embryo; without 
HOXA genes, growth of the distal genital tubercle remains 
rudimentary.

Mutations in the homeobox genes have also been associated 
with abnormal development of the external genitalia, often 
in the setting of a syndrome of developmental abnormalities. One 
such novel syndrome is X-linked lissencephaly with abnormal 
genitalia (XLAG), in which patients have frameshift or point 
mutations in the Aristaless-related homeobox gene (ARX).32 
Affected patients present with neural malformations, including 
agenesis of the corpus callosum, abnormalities of midline struc-
tures in the brain, disorganized and incomplete development 
of the cerebral cortex, and micropenis with bilateral undescended 
testicles. Some patients also have associated renal phosphate 
wasting.33

The importance of the homeobox genes in regulating 
normal organogenesis is underscored by duplication of function. 
HOXA and HOXD genes have been found to have compensatory 
activity for mild mutations such that affected embryos may 
develop without signifi cant congenital abnormalities. However, 
more severe or extensive mutations in either gene cannot be 
compensated by the remaining normal gene.34 Work by Utsch 
and colleagues34 found that novel mutations in the homeobox 
genes associated with the hand-foot-genital syndrome may 
refl ect the limitations of duplicated function in compensatory 
genes.
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Androgen Receptor

Androgen resistance is associated with decreased growth of the 
glans and corpora cavernosal structures, but the corpus spongio-
sum develops normally and may be hypertrophied. This pattern 
of development suggests that although growth of the corpora 
cavernosa may be induced by androgens, growth of the corpus 
spongiosum is androgen independent.17

Shapiro and coworkers35 evaluated an animal model of con-
genital adrenal hyperplasia by exposing embryos to androgens 
for different periods. They found that virilization resulting from 
congenital adrenal hyperplasia could be induced through exoge-
nous androgen exposure between 8 and 13 weeks’ gestation. 
However, even within this time frame, morphologic changes 
observed after early androgen exposure differed from those 
induced by later exposure. Exposure to androgens earlier in the 
critical period was associated with increased virilization, includ-
ing complete fusion of the labioscrotal folds and clitoromegaly. 

Clitoromegaly alone was observed with later exposure to andro-
gens. Shapiro’s group theorized that somatic growth of 
the embryo and genital structures later than 13 weeks’ gestation 
was independent of the infl uence of testosterone and other 
androgens.

CONCLUSIONS

Development of the genitourinary tract is a complex series of 
events and interactions over time and space. Common and 
uncommon errors in these events and interactions result in 
anomalies and may set the stage for dysfunctions later in life. 
Understanding the prenatal events involved in the development 
of the genitourinary tract facilitates comprehension of normal 
and aberrant postnatal anatomy and informs management of 
urologic disorders.
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Functional behavior of the urinary bladder has been investigated 
for more than a century, but several aspects of the mechanism of 
voiding and the way it is altered in vesical dysfunction remain 
unresolved. This can largely be attributed to the complexity of 
structural organization of the bladder and its outlet and the 
matching complexity of their functions.1-7

The storage (i.e., fi lling) and expulsion (i.e., voiding) phases 
of micturition involve essentially opposite functions of the 
bladder and urethra.8 The bladder acts as a reservoir for urine 
during fi lling and as a pump for expelling its stored urine during 
voiding. The urethra during bladder fi lling is closed, sealed, and 
noncompliant, acting as a sphincter to maintain continence, but 
it opens, dilates, and becomes compliant during voiding, acting 
as a conduit for the urinary stream. Effi cient urine storage 
requires a compliant and stable detrusor together with a conti-
nent bladder outlet.5,9 Compliance of the detrusor allows disten-
tion of the bladder to capacity, and its stability ensures absence 
of untimely contractions that could involuntarily force some 
urine past the closed outlet, resulting in incontinence. Complete 
emptying of the full bladder9 depends on optimal contractility of 
the detrusor so that it can mount a strong, speedy, sustained, and 
unitary voiding contraction; coordinated opening of the bladder 
outlet; and maintenance of the opened outlet as a free conduit 
for an uninterrupted and strong urinary stream.

The anatomy and structure of the bladder and urethra must 
be optimally suited to the complex dynamic events in the mictu-
rition cycle.6 Important elements in this regard are the inherent 
physical and biomechanical properties of the tissue components 
of the vesical and urethral walls and their bearing on organ dis-
tensibility and contractility.8,10-12 Two crucial elements are the 
topographic and microstructural organization of the muscula-
ture of the bladder wall and urethra and the elaborate system of 
vesicourethral innervation, with complex central cephalospinal 
control and intricate peripheral pathways.1-6,13,14

Various disciplines have contributed through experimental 
and clinical investigation to our knowledge of bladder function 
and dysfunction. Gross anatomy was the natural start during the 
previous century, and it prevailed for many decades. It resulted 
in some fundamental concepts that have been expanded and 
refi ned in the current century as the result of improved methods 
of dissection, neuroanatomic tracing techniques, and micro-
scopic staining procedures. After the initial era of anatomic 
investigation, the principal approach to studies on voiding has 
been the characterization of physiologic and muscular responses 
of the lower urinary tract, mainly the bladder. It is undeniable 
that defi nition and measurement of these responses are impor-
tant for understanding the overall nature of neuromuscular func-
tion of the bladder and urethra. Nonetheless, such an approach 
cannot defi ne the factors that determine function of the effector 

organ (i.e., smooth muscle of detrusor and urethral wall) in 
regard to the exact mechanism and balance of their contractility, 
distensibility, and stability during the fi lling and expulsion phases 
of micturition. Attempts to defi ne these factors based purely on 
physiopharmacologic studies are largely inferential and have gen-
erated some misconceptions. One such misconception is the idea 
that the sympathetic autonomic nervous system has little or no 
role in vesical or urethral function.15,16 This dogma prevailed 
through the mid-1960s, until it was invalidated by microscopic 
proof of sympathetic innervation of the vesicourethral muscula-
ris, which was subsequently confi rmed by innumerable physio-
pharmacologic observations.1,4,5,7

Landmarks in our knowledge of muscular anatomy of the 
lower urinary tract3,6,17,18 include continuation of the muscularis 
of the terminal ureters as the vesical “trigone” and beyond into 
the dorsal wall of the urethra; the nonlayered, interwoven orga-
nization of muscle bundles of the detrusor13; identifi cation of a 
vesical sheath around the terminal ureters,19 which was eventually 
refi ned as the concept of dual ureteral sheath20,21; and the concept 
of the rhabdosphincter as an integral striated muscle component 
of urethral muscularis.1,3,6,22 Milestones in our knowledge of the 
innervation and neural control of the bladder and urethra 
include1-5 defi nition in the spinal cord of a sacral parasympathetic 
and a lumbar sympathetic nucleus for subcephalic bladder 
control, as well as a sacral cord nucleus supplying peripheral 
somatomotor innervation of the volitional urinary sphincter23-26; 
multilevel localization of centers of bladder control in the brain, 
their interconnections, and their spinal neurotract projec-
tions27-30; description of the topographic organization of periph-
eral sympathetic and parasympathetic outfl ows, respectively, 
through the hypogastric and pelvic nerve or plexus pathways and 
their differences in different species23,31,32; recognition of dual 
sympathetic and parasympathetic innervation of the bladder and 
urethra and introduction of the functional concept of bladder 
body versus bladder base33,34; localization of the origin of intrinsic 
vesicourethral innervation in peripheral ganglia close to and 
within the organs, including the concept of sympathetic and 
parasympathetic effector short neurons35,36; concepts of infraspi-
nal interaction of sympathetic and parasympathetic pathways 
within peripheral ganglia (through collaterals and interneu-
rons)34-39 and the vesicourethral muscularis (through axoaxonal 
synapses at the effector cell level)40-42; recognition of auxiliary 
autonomic innervation of the rhabdosphincter in animals and 
humans22,43-45; and recognition of neuropeptides as a class of 
putative neurotransmitters or modulatory cotransmitters in 
peripheral vesicourethral innervation.5-7,46,47

Full knowledge of the structure of an organ is key to the 
understanding of how it functions. A corollary of this axiom is 
that alteration of the structure of an organ is refl ected in altera-
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tion of its function. The axiom and its corollary should be fun-
damental premises in studies of the bladder in view of its unique 
function and intimate anatomic relationship to two other organs 
of different but closely integrated function—the ureter supplying 
it with urine and the urethra serving as the conduit for its expul-
sion. Tacit awareness of these premises stimulated research at the 
biochemical and molecular levels during the past few decades. 
This research has yielded important information on the bio-
mechanics, energetics, and neuroreceptor attributes of the 
bladder and urethra. Not unexpectedly, such information has 
not fully clarifi ed the basis of normal or abnormal smooth muscle 
function of either organ.

Microscopic study of the vesicourethral muscularis has yet to 
attain its full potential for determining the true basis of normal 
and abnormal voiding. Routine tissue histology and histochem-
istry have provided only limited information about tissue topog-
raphy and general organization of this system. The notoriously 
tedious nature of electron microscopy has in part been responsi-
ble for its lagging use in investigation of bladder function and 
dysfunction until recently. Another major stumbling block has 
been the lack of clear guidelines and precisely defi ned criteria for 
such ultrastructural approaches.

In this chapter, the microstructure of the vesicourethral mus-
cularis and its functional correlates are reviewed. Observations 
on microstructural defects in various forms of voiding dysfunc-
tion are presented, and their bearing on the pathophysiology and 
management of such disorders is discussed. The information 
presented is derived largely from overlapping studies on bladder 
ultrastructure in normal experimental animals, experimental 
voiding dysfunction, and various clinical disorders of 
micturition.

ULTRASTRUCTURE OF THE 
VESICOURETHRAL MUSCULARIS

Until the previous decade, the urinary bladder had received little 
attention by students of tissue ultrastructure, unlike organs such 
as the intestine. The rather simplistic ideas about bladder func-
tion and its neural control that prevailed until the mid-1960s 
probably thwarted interest in serious electron microscopic inves-
tigation, or perhaps no one suspected that bladder structure and 
function were suffi ciently complex to justify such investigation.

The few reports on vesical ultrastructure available before the 
1980s presented general, vague, or imprecise information and 
therefore were largely noncontributory. A notable exception was 
a study on the distribution of intrinsic afferent (sensory) nerves 
in the cat bladder, including the relative contributions of sympa-
thetic and parasympathetic pathways.48,49 The observations 
reported in this study confi rmed and supplemented earlier 
accounts of the cholinergic and adrenergic suburothelial nerves 
demonstrated histochemically in the cat bladder.33 The existence 
of nerve terminals within the urothelium is ultrastructurally 
indisputable in animals and humans.1 A proposal for distinguish-
ing suburothelial sensory nerves by electron microscopic count-
ing of axonal synaptic vesicles50 remains unfulfi lled.

Studies on the detrusor and “internal sphincter”51-53 have pro-
vided detailed information about their intrinsic innervation and 
have shown that their muscle cells have the ultrastructural fea-
tures of smooth muscle in general.54-56 Defi nitions of the various 
terms and structural parameters have been provided in other 
reports.51,56-58

Muscle Cells

Ultrastructurally, each of the grossly recognizable bundles of 
vesicourethral muscularis in various animals and in humans is 
composed of incompletely separated and imperfectly outlined 
compact groups (fascicles) of muscle cells.51,56,58 The muscle cell 
profi le (Fig. 2-1) has a smooth contour and a polygonal to cylin-
drical confi guration, depending on the plane of sectioning rela-
tive to its long axis. Nuclei of typical appearance are centrally 
located and rarely have nucleoli. Mitoses are ordinarily absent in 
muscle cells of the adult bladder.59

The perimeter of each cell profi le is delineated by a continuous 
cell membrane (i.e., sarcolemma) that displays alternating thick, 
electron-dense and thinner, less dense zones, with an outlying 
basal lamina of even thickness and moderate electron density. 
The thick sarcolemmal zones (i.e., dense bands) are composed of 
sarcolemma plus subjacent highly dense material in sarcoplasm. 
The interposed thinner zones consist only of sarcolemma, with 
strings of caveolae that appear as rows of fl ask-shaped surface 
vesicles of uniform size.

Figure 2-1 Muscle cells of a normal detrusor. The sarcolemma (i.e., 
cell membrane) has alternating thick, dense bands and interposed 
thin zones with caveolae, with outlying basal laminae (arrowheads). 
Cells are adjoined by intermediate junctions (thick arrows) and 
separated by narrow spaces. The nucleus is capped on one side by 
endoplasmic reticulum and mitochondria (thin arrows). The 
sarcoplasm is packed with myofi laments and with evenly 
distributed, cigar-shaped dense bodies and scattered mitochondria 
(magnifi cation ×13,890). (From Elbadawi A: Functional pathology 
of urinary bladder muscularis: The new frontier in diagnostic 
uropathology. Semin Diagn Pathol 10:319, 1993.)
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The sarcoplasm is packed with evenly distributed myo-
fi laments of uniform orientation and alignment, with evenly 
dispersed dense bodies of uniform cigar-shaped appearance 
in cylindrical cell profi les of longitudinally sectioned cells. The 
myofi laments are slanted at an approximately 10-degree angle 
from the long cell axis and are anchored to dense bands of 
sarcolemma. Organelles of typical structure, mainly mitochon-
dria and endoplasmic reticulum, are aggregated in a conical zone 
capping each nuclear pole (in cylindrical profi les); some mito-
chondria, cisternae of reticulum, and clusters of ribosomes are 
also scattered in sarcoplasm, particularly beneath sarcolemmal 
caveolae.

Individual cells within muscle fascicles are separated by spaces 
of uniform width (usually <200 nm). The intercellular space 
contains small amounts of amorphous material similar to basal 
lamina and a few isolated collagen fi brils that are mainly attached 
to sarcolemmal dense bands of related muscle cells. Contiguous 
muscle cells have intermediate-type junctions (e.g., attachment 
plaques, zonulae adherentes) of typical appearance and length 
and with 30- to 60-nm separation gaps. Some also have zones 
(with approximately 15-nm gaps) of simple apposition of sarco-
lemma.57,60 Contrary to one report,61 it is generally accepted that 
gap junctions (i.e., nexus) are absent or only sparsely encoun-
tered in the normal vesicourethral muscularis of animals and 
humans.51,53,60,62

Intrinsic Nerves

Ultrastructural studies have confi rmed dual innervation of the 
normal bladder and urethra by cholinergic and adrenergic 
axons and provided morphologic details of the relationships 
between these axons and muscle cells.1-5 Nerve elements within 
the vesicourethral muscularis course in its interstitium as 
Schwann cell–ensheathed axon bundles. Varicosities of some 
axons become exposed along their course in these bundles to 
face smooth muscle cells. The main vehicle of muscular inner-
vation is provided by individual preterminal axons that “break 
away” from the bundles to establish contact with the muscle 
cells. Many muscle cells have cholinergic or adrenergic neuro-
effector junctions, some have both (diautonomic junctions), and 
some have neither.2,4,51 Clefts of neuroeffector junctions (i.e., 
spaces between axon and muscle cell) typically are 15 to 80 nm 
wide.

It seems certain that no part of the vesicourethral muscularis 
has a 1  :  1 nerve-to-muscle ratio,1,5,59 as inferred in the original 
histochemical study on vesical innervation.33 The basis for 
upholding that impression in one study on the human bladder53 
is questionable.4,6,59 Synaptic contacts between cholinergic and 
adrenergic or probable copeptidergic axons (i.e., axoaxonal 
synapses) have been discovered as a unique feature of intrinsic 
neuroplexuses of vesicourethral muscularis in animals40,41 and 
humans (A Elbadawi, unpublished data).

Interstitium

Collagen and elastic fi bers are the main components of intersti-
tium in the vesicourethral muscularis. Partitions of interstitium 
surround and separate muscle bundles.56,58 These partitions 
extend into each bundle as microsepta that incompletely delin-
eate its component fascicles. Vascular and neural elements sup-
plying the muscularis are contained in interstitium between and 
within the muscle bundles.

Microstructural Basis of Vesicourethral 
Muscular Function

Conceptually, the vesicourethral muscularis comprises three 
integrated microstructural compartments: one for generating, 
another for modulating, and a third for coordinating its func-
tional responses.9,63

The generator compartment consists of smooth muscle cells, 
which enable the vesicourethral muscularis to respond appro-
priately to various stimuli, particularly to generate the neurally 
triggered unitary detrusor contraction of voiding. Several 
microstructural elements play specifi c roles in the excitation-
contraction coupling mechanism of smooth muscle.9,52,54-56 
Proper composition, organization, and intracellular disposition 
of myofi laments bearing the contractile proteins actin and myosin 
ensure generation of an optimal contractile force. A suffi cient 
complement of intact mitochondria provides the enzymes neces-
sary for generating the necessary ATP-dependent energy. Mito-
chondria and an intact endoplasmic reticulum provide and store 
intracellular calcium ions (Ca2+), which are necessary for muscle 
cell contraction. An intact sarcolemma provides anchorage for 
myofi laments at its dense bands to transmit the contractile force 
to the cell surface. The function of sarcolemmal caveolae has not 
yet been established. The close spatial association between caveo-
lae and cisternae of subsarcolemmal endoplasmic reticulum, a 
site of Ca2+ binding and storage,54,64 suggests that they are involved 
in the mechanism of muscle contraction. There is evidence that 
caveolae are sites of active ion (Na+, K+, Ca2+) transport, Na+-Ca2+ 
exchange, or passive Ca2+ binding, all of which are involved in 
the excitation-contraction coupling mechanism.65

The modulator compartment comprises intrinsic neuroplex-
uses and their neuroeffector junctions. Neural infl uence through 
the latter involves induction, facilitation, inhibition, or disinhibi-
tion of chemical neurotransmission to muscle cells under central 
cephalospinal and peripheral autonomic ganglionic control.1,5,9 
Intact structure of intrinsic axons is necessary for conduction of 
neural impulses throughout their course within the detrusor. 
Structural integrity of neuroeffector junctions, including the pre-
dominant small (clear or dense-core) vesicle content of their 
axonal components, is necessary for chemical neurotransmission 
to the target muscle cells. Axoaxonal synapses modulate prejunc-
tional, reciprocal cholinergic-adrenergic inhibition of effector 
neural infl uence in the normal mammalian vesical muscularis, 
including that of humans.9,40,41 From the structural standpoint, 
the effi cacy and net effect of neural infl uence on this muscularis 
depend mainly on the distribution and relative density of the 
various functional types of structurally intact axons (i.e., cholin-
ergic versus adrenergic) and the width and content of junctional 
clefts of preserved neuroeffector junctions. Alteration of the 
inherent structure or spatial relationship of axons within the 
bladder may hinder one normal neurally triggered neural 
response or another, or it may generate incongruous, uncoordi-
nated, or spurious muscle cell responses.9

The coordinator compartment is in part muscular and in part 
interstitial. It is responsible for maintaining spatial topographic 
organization of muscle cells relative to each other within muscle 
fascicles and bundles of the detrusor and urethral muscularis. 
Moreover, it provides the basis for tridimensional distensibility 
of the bladder, which allows it to be fi lled to capacity with minimal 
rise in luminal pressure (i.e., compliance).11,66 Compliance is 
determined by the relative proportions of muscular and 
interstitial elements and by the delicate balance of the rigid and 

Ch002-X2339.indd   14 1/31/2008   2:10:12 PM



 Chapter 2 STRUCTURAL BASIS OF VOIDING DYSFUNCTION 15

elastic components of interstitium—collagen and elastin, 
respectively.10,66-68

The main role of the coordinator compartment is to synergize 
and unify muscle cell responses in the entire detrusor or urethral 
wall. The most important functional expression of this role is the 
neurally triggered, coordinated, unitary detrusor contraction that 
initiates voiding.1,4,9 Only a fraction of muscle cells of the detrusor 
are innervated and are directly excitable by neural stimuli, despite 
its overall dense innervation.1,4,6 Voiding contraction of the 
detrusor, which is in essence a synergized, summated, and sus-
tained contraction of its component fascicles and bundles, 
requires transmittal of contraction from the innervated to all 
noninnervated muscle cells (i.e., muscle cell coupling).

Cell coupling in smooth muscle is electrical or mechani-
cal.54,55,69 Electrical coupling propagates the electrical signal (i.e., 
action potential), heralding contraction of a muscle cell through 
the gap junctions (and to some extent through simple sarcolem-
mal appositions) of muscle cells; these junctions (or appositions) 
provide low-resistance pathways that directly “connect” and 
allow exchange of ions between sarcoplasms of the adjoined 
muscle cells. A smooth muscle system endowed with an electrical 
coupling mechanism behaves functionally as a virtual syncytium 
through which contraction of the component cells can be elicited 
in near synchrony. The relatively slower mechanical coupling 
transmits the force generated in a contracting muscle cell through 
intermediate junctions with adjacent cells. Contrary to one 
review,61 cell coupling in normal vesicourethral muscularis is 
achieved by mechanical cell coupling because its muscle cells 
have intermediate junctions but no or sparse gap junctions.51,53,60 
Active force generated by the contractile apparatus of a muscle 
cell is discharged to the entire cell surface through insertions of 
myofi laments into sarcolemmal dense bands, resulting in cell 
shortening. The tension developed is transmitted through inter-
mediate junctions to adjoined cells, resulting in their deforma-
tion and subsequent contraction. Collagen fi brils juxtaposed to 
the cell surface in the intercellular space contribute to mechanical 
transmittal of force from the contracting cell to adjacent cells. 
Summation of minuscule tensions transmitted from cell to cell 
and from muscle cells to microsepta of interstitium culminates 
in contraction of entire muscle bundles—and ultimately in con-
traction of the entire organ in unison—by subsequent force 
transmittal through partitions of interstitium between the 
bundles.60

Normal contractility of the vesicourethral muscularis in regard 
to complete emptying of the bladder depends on three factors in 
addition to the inherent topographic organization and structural 
integrity of its cells. These are the ability of a contracting muscle 
cell to shorten (generating a contraction force), mechanical cell 
coupling to transmit that force, and a vehicle to summate the 
transmitted force through the muscularis. All three factors 
have recognizable ultrastructural correlates. Effective cell short-
ening requires a normal cylindric confi guration of the muscle 
cell and a normal complement of myofi laments optimally 
aligned at a narrow angle with sarcolemma. Mechanical cell cou-
pling is largely determined by the geometric spatial disposition 
of detrusor muscle cells and their structural inter-relationships 
in regard to their compact arrangement within fascicles, interme-
diate cell junctions, and narrow interspaces containing few 
collagen fi brils. Collagen fi bers in microsepta and partitions 
of interstitium, respectively between muscle fascicles and bundles, 
play a key role in eliciting the summated, unitary voiding 
contraction.

ULTRASTRUCTURE OF THE RHABDOSPHINCTER

The feline rhabdosphincter is composed of a mixture of fast- and 
slow-twitch myofi bers, which have the same distinguishable 
ultrastructure as ordinary somatic mammalian striated muscle.44 
Contrary to one report,70 the human rhabdosphincter appears to 
be composed of both types of myofi bers (Mathews, Light, 
Wheeler, et al, unpublished data).

The concept of triple (i.e., somatomotor plus dual parasym-
pathetic-sympathetic autonomic) innervation of the feline rhab-
dosphincter based on histochemical study22 was validated by 
electron microscopy in the cat,44,71 and its adrenergic autonomic 
component was also confi rmed in humans.45 Two forms of the 
nerve-myofi ber relationship are present in the feline rhabdo-
sphincter with intact innervation. One has the classic sole plate 
differentiation of the myofi ber facing a cholinergic neurotermi-
nal, which is characteristic of somatomotor neuromuscular junc-
tions at large. In the other, a cholinergic or adrenergic axon 
terminal is closely apposed to the surface of a myofi ber and has 
a functionally plausible, narrow neuromuscular cleft but no 
sole plate differentiation. These surface contacts are considered 
autonomic because their morphology is identical to those of 
autonomic neuroeffector junctions in the vesicourethral muscu-
laris and other mammalian smooth muscle systems and because 
they persist, despite disappearance of axons innervating sole 
plates, after bilateral sacral ventral rhizotomy—the known source 
of somatomotor innervation through the pudendal nerves 
(discussed later).71-73

Functional Pathology of the Detrusor

Changes in the three microstructural compartments of the 
detrusor have been described in various forms of voiding dys-
function. Those described in histologic preparations are largely 
nonspecifi c and have been of limited usefulness in regard to cor-
relation with the functional abnormalities.56,58 The constellations 
of changes identifi ed ultrastructurally in different dysfunctions 
tend to predominate in one compartment or another and are 
distinctive for each dysfunction.56,58 For this reason, accurate defi -
nition of the microstructural correlates of a voiding dysfunction 
requires study of the smooth muscle, interstitium, and intrinsic 
neural compartments of the detrusor with equal attention and 
scrutiny.9,56

NEUROPATHIC VOIDING DYSFUNCTION

Practically all information on the microstructural basis of 
neuropathic voiding dysfunction has been derived from experi-
mental studies in the cat. These studies have dispelled some tra-
ditionally held dogmas and have laid the foundation for a new 
concept in pathophysiology of the lower motor neuropathic 
bladder.74-79 According to this concept, abnormal behavior of 
such a bladder does not merely refl ect its release from cephalo-
spinal neural control but is largely the result of dynamic, pro-
found changes in intrinsic nerves and to some extent muscle 
cells—the two structural elements that jointly determine that 
behavior. These neuropathic structural changes can be defi ned 
fully and accurately only by electron microscopy,79 and they 
readily distinguish a decentralization from a denervation func-
tional type of lower motor neuropathic bladder. The same studies 
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also validate the concept of triple innervation of the feline 
rhabdosphincter.71-73,80

The Decentralized Bladder

For decades, belief that postganglionic nerves within the bladder 
are unchanged after decentralization by parasympathetic pregan-
glionic neurectomy (e.g., sacral roots, pelvic nerve trunks) 
remained universal and absolute. The underlying logic was that 
such neurectomy leaves untouched and structurally intact the 
ganglion cells that provide the intrinsic vesical nerves. Studies on 
models of the decentralized bladder, however, revealed dynamic 
structural changes in intrinsic postganglionic nerves of the detru-
sor: initial degeneration with eventual regeneration.

Occurring beyond and across preganglionic synapses, short-
term degeneration of axons duplicates the well-known phenom-
enon of primary transsynaptic nerve degeneration in the brain81 
and represents the fi rst example of this phenomenon in the 
peripheral autonomic nervous system.74 The axonal degeneration 
results in loss of cholinergic neuroeffector junctions and is associ-
ated with transjunctional degeneration of detrusor muscle cells, 
a previously unknown phenomenon.76 The term transjunctional 
underscores the fact that muscle cell degeneration occurs at a site 
two levels of anatomic discontinuity peripheral to the sacral 
spinal cord nucleus (i.e., the preganglionic synapse in the periph-
eral ganglia and the neuroeffector junction at the terminal effec-
tor tissue level). The initially degenerating axons eventually 
regenerate. This regeneration expresses yet another previously 
unrecognized phenomenon because it is not a simple restitution 
of the original complement of cholinergic axons but is also asso-
ciated with75 sprouting of adrenergic (i.e., postganglionic sympa-
thetic) axons with adrenergic hyperinnervation (also documented 
histochemically71,82) and with emergence of peptide-replete axons 
and axon terminals. Neuroeffector junctions become reestab-
lished by the latter axonal population in addition to the regener-
ating cholinergic and sprouting adrenergic axons; muscle cell 
regeneration occurs concomitantly.76 Ultrastructural profi les of 
regenerating muscle cells have expanded rough endoplasmic 
reticulum replete with clustered ribosomes, prominent subsarco-
lemmal reticulum, numerous intact paranuclear and subsarco-
lemmal mitochondria, and frequent nucleoli. It appears that an 
intact preganglionic sympathetic pathway is necessary for the 
long-term axonal changes to take place after decentralization 
because they do not occur when decentralization is combined 
with hypogastric neurectomy.78 This fact, together with available 
pharmacologic evidence,83 suggests that adrenergic hyperinner-
vation of the detrusor is an important factor in development of 
hypertonicity in the lower motor neuropathic bladder.78

The Denervated Bladder

Changes in intrinsic axons and muscle cells of the detrusor also 
occur after postganglionic neurectomy,77 which severs the pelvic 
plexus (i.e., parasympathetic plus sympathetic extrinsic nerves) 
very close to the bladder. Neurectomy mimics the clinical situa-
tion of severe neural defi cit after major extirpative pelvic surgery.84 
The resultant short-term degenerative changes in axons and 
muscle cells are similar to those seen in the decentralized bladder 
but are more profound in scope and degree. Long-term changes, 
however, are different, including little cholinergic axonal regen-
eration, sparse adrenergic innervation, and no appreciable popu-

lation of peptide-rich axons. Similar scarcity of adrenergic nerves 
has been reported in bladder biopsy specimens from patients who 
had undergone abdominoperineal resection of the rectum.85

The Denervated Rhabdosphincter

Decentralization of the bladder by bilateral sacral ventral rhizot-
omy deprives the rhabdosphincter of its somatomotor innerva-
tion. The somatomotor-denervated rhabdosphincter loses its 
population of classic neuromuscular junctions, and the ultra-
structure of its sole plates becomes markedly simplifi ed, but the 
autonomic axon contacts with the myofi bers lacking sole plates 
persist.71 Eventually, the autonomic junctions become prominent 
and widespread, and many of the residual simplifi ed sole plates 
become newly innervated by a cholinergic axon or an adrenergic 
axon, or both.72 These changes indicate permanent degenera-
tion of somatomotor nerves and persistence plus long-term 
“pro pagation” of autonomic innervation in denervated territo-
ries of the rhabdosphincter. Along with the axonal changes, 
the myofi bers display a combination of degeneration and 
regeneration.80

The somatomotor-denervated rhabdosphincter appears to be 
under exclusive autonomic neural control. The nature of this 
control has not as yet been investigated, nor have responses to 
autonomic neural stimuli been demonstrated physiologically or 
pharmacologically in the normal rhabdosphincter, although they 
are unequivocal in the cat, and their adrenergic component has 
been proved in humans. The autonomic component may have a 
subtle, very specifi c, or precisely timed function in normal mic-
turition that is diffi cult to duplicate in an investigative setting, or 
it may be functionally operative or discernible only in abnormal 
voiding. Available physiopharmacologic methods of study may 
or may not be suffi ciently sensitive to segregate autonomic 
responses of the rhabdosphincter from those of the intimately 
associated urethral smooth muscularis in the normal or the neu-
ropathic rhabdosphincter.

The Upper Motor Neuropathic Bladder

As described in the brain, the phenomenon of transsynaptic 
degeneration may be primary, secondary, tertiary, and so on, 
depending on the number of synaptic relays between the injured 
neuron and the neuron providing degenerating terminals in the 
same pathway.81 Transsynaptic degeneration in the decentralized 
bladder is primary because, as far as is known, only one relay 
station (in a peripheral vesicourethral ganglion) is interposed 
between the interrupted preganglionic neuron (ventral root) and 
the corresponding postganglionic neuron providing the degen-
erating terminals within the bladder. It is conceivable that com-
parable degeneration may follow interruption of central neuraxial 
pathways as an expression of secondary or tertiary transsynaptic 
degeneration (i.e., across one or two central plus the peripheral 
relay stations). Observations in one study on a spinal cord tran-
section model suggest that such degeneration may occur,86 but it 
needs to be confi rmed by detailed investigation in experimental 
models and clinical settings. If such confi rmation is obtained, an 
important concept would emerge: functional derangement in the 
bladder deprived of cephalic control is in part caused by struc-
tural changes in vesicourethral muscularis despite preserved 
anatomic integrity of the sacral cord and infraspinal neural 
pathways.
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DETRUSOR DYSFUNCTION

Poorly Contractile Detrusor

Impaired contractility may be the only manifestation of a non-
neuropathic detrusor dysfunction (e.g., in the elderly87,88), or it 
may occur as an additional abnormality in an obstructed or 
unstable detrusor.89,90 The ultrastructural hallmark of a poorly 
contractile detrusor is the degeneration pattern (Fig. 2-2), charac-
terized by widespread degeneration of muscle cells and intrinsic 
nerves.52,58 Degeneration of muscle cells can be recognized ultra-
structurally by a spectrum of features that refl ect its severity. Mild 
degeneration results in subtle features such as malalignment of 
myofi laments with patchy stacking, crisscross or swerving pat-
terns, and uneven crowding or clumping of sarcoplasmic dense 
bodies. Features of moderate degeneration include disorganiza-
tion or disruption of myofi laments, disruption of sarcoplasmic 
dense bodies and mitochondria, distention of cisternae of endo-
plasmic reticulum with loss of ribosomes, appearance in sarco-
plasm of highly electron-dense patches or laminate bodies, and 
occasionally large deposits of glycogen particles. Severe degenera-
tion is manifested by sequestration, extrusion (i.e., blebbing), 
vacuolation, or fl occular appearance of sarcoplasm; loss or elec-
tron-dense homogenization of myofi laments; distortion of the 
nucleus with irregular clumping of chromatin; and thickening or 
breaching of sarcolemma with replication of the basal lamina. 
Severely degenerated cells ultimately become shriveled or 
disintegrated.

Degeneration in intrinsic nerves can be recognized only ultra-
structurally by a constellation of features that include52,58 deple-
tion of synaptic vesicles, axoplasmic dense bodies, breaching of 
axolemma, and disruption of mitochondria in axon terminals 
and varicosities of neuroeffector junctions. Severe degeneration 
of axons results in their retraction from related muscle cells and 
ultimately in fragmentation or lysis. Axons ensheathed by 
Schwann cells may undergo vacuolar or fl occular change, with 
disruption of their axoplasmic content of neurofi laments and 
neurotubules. Loss of ensheathed axons results in the distinctive 
appearance of collapsed Schwann cells with redundant and rep-
licated basal laminae.

Features of the degeneration pattern can easily explain 
impaired contractility of the detrusor.9,52,58 Degeneration of the 
intrinsic nerves impedes transmission of neural impulses along 
axons and neuroeffector transmission to muscle cells at their 
terminals. Degeneration of muscle cells disrupts their contractile 
elements, energetic machinery, and Ca2+ stores, rendering them 
unable to generate an effi cient contraction or any contraction, 
whether in response to a propagated neural impulse or secondary 
to mechanical “pull” by a contracting adjacent muscle cell with 
preserved structure.

Detrusor Overactivity

Several factors have been implicated in the pathogenesis of detru-
sor instability (i.e., overactivity). Some of these factors are func-
tional, whereas others revolve around a structural change in the 
unstable detrusor. A change in density of one functional type of 
intrinsic nerves or another has been reported in histochemical 
preparations,91,92 but the methods used to determine nerve density 
in these studies are questionable.8,59,89,93 Electron microscopic 
studies have revealed that the principal structural change in the 

unstable detrusor, whether obstructed or not, is in the inter-
relationship of its muscle cells.58,60,63,89

Reduction of vasoactive intestinal polypeptide (VIP)–reactive 
nerves in the detrusor with idiopathic instability (i.e., no outlet 
obstruction or neural defi cit) has been described in one histo-
chemical study.91 Loss of such nerves was suggested as the cause 
of instability on the premise that it would deprive the detrusor 
of an inhibitory role of the neuropeptide as a neurotransmitter 
or neuromodulator.94,95 Histochemical observations on VIPergic 
nerves are not suffi cient to determine their structural status; only 
electron microscopy can determine such status, particularly the 
content and type of axonal synaptic vesicles.1,9 No correlation 
between detrusor function and immunohistochemical reactivity 
of VIP was found in a study of human bladder biopsies.96 Loss of 
inhibitory VIP-reactive nerves as the cause of involuntary detru-
sor contractions is diffi cult to reconcile with the clinical observa-
tion that they are susceptible to neurally mediated inhibition.97

In a later study, “increased appreciation of bladder fi lling” due 
to “relative abundance” of “presumptive sensory nerves” in the 
suburothelium was suggested as an explanation for idiopathic 
instability.92 Aside from the questionable counting method used, 
no adjustment for thickness of suburothelium in the specimens 
studied was mentioned; such thickness varies in different subjects 
and can easily be altered even by minor pathologic changes in the 
bladder wall such as mild cystitis, vascular congestion, or edema.8 
Moreover, there is no basis for the postulated association between 
the number of nerves and the degree of sensory excitability or 
perception.8

Muscle cells of the overactive (unstable) aging detrusor, 
whether obstructed or not, have some distinctive ultrastructural 
features, collectively designated the dysjunction pattern.58,60,89 This 
pattern is characterized by moderately widened spaces between 
individual muscle cells, scarce intermediate muscle cell junctions, 
and abundant distinctive protrusion junctions and ultraclose cell 
abutments (Figs. 2-3 and 2-4) that are not found in the normal 
detrusor. The only difference between the obstructed and unob-
structed overactive detrusor is a superimposed myohypertrophy 
pattern (discussed later) in the former (see Fig. 2-4). The dys-
junction pattern is not associated with any particular change in 
intrinsic nerves of the overactive detrusor, whether obstructed or 
not, except degenerative changes when the detrusor is also poorly 
contractile.

The protrusion junctions and ultraclose abutments of the dys-
junction pattern resemble gap junctions in having a very narrow 
separation cleft (≤10 nm) and no sarcolemmal thickening at the 
contact zone of the adjoined muscle cells. These features suggest 
that both types of junction serve as a vehicle for electrical muscle 
cell coupling in the overactive detrusor in lieu of the normal 
mechanism of mechanical cell coupling that is curtailed by reduc-
tion of intermediate cell junctions.58,60 This introduces a new 
concept of pathogenesis of detrusor overactivity (instability), 
whether it is associated with outlet obstruction or not. According 
to this concept, involuntary detrusor contractions in either 
setting are elicited by a bipartite myogenic mechanism, consisting 
of irritable loci and a fi nal common pathway. The irritable locus 
represents muscle cells with heightened inherent spontaneous 
activity, with or without increased responsiveness to a “trigger 
for contraction,” such as stretch or excitatory neural stimuli. The 
fi nal common pathway is served by muscle cells linked by protru-
sion junctions and abutments to acquire the functional proper-
ties of a syncytium in and around the irritable loci. Limited, small 
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A

B C
Figure 2-2 Degeneration in poor detrusor contractility. A, One degenerating muscle cell has sequestered sarcoplasm (arrows), and another 
has a sarcoplasmic bleb intruding on an adjacent cell (thick arrow) (magnifi cation ×16,500). B, In a degenerating muscle cell, the sarcoplasm 
has a rarefi ed appearance, with disrupted myofi laments and clustered, thickened, and confl uent dense bodies (arrows) (magnifi cation 
×27,300). C, In a severely degenerated muscle cell (thick arrow), the sarcoplasm is completely disrupted and replaced by irregular, large, 
highly electron-dense patches and multivesiculated bodies; abundant cell debris (arrows) is evident in the adjacent interstitium. Notice the 
profi le of a degenerating axon (open arrow), with depleted vesicles, disrupted mitochondria, and a highly electron-dense patch 
(magnifi cation ×14,000). (From Elbadawi A: Pathology and pathophysiology of detrusor in incontinence. Urol Clin North Am 22:3, 1995.)
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contractions originating independently in one or more loci, 
whether spontaneous or triggered, are propagated electrically 
through that syncytium to outlying muscle cells, recruiting them 
to contract in near-synchrony. If the electrical propagation 
involves a suffi ciently large muscle territory, the result would be 
signifi cant, urodynamically measurable contractions that, by 
defi nition, are involuntary. Electrical cell coupling remains par-
tially suppressible by neurally mediated inhibition insofar as its 
completion, progression, or even initiation is concerned,60 and it 
does not hinder the development of neurally triggered, unitary, 
effective voiding contractions. Preliminary studies indicate the 
presence of the dysjunction pattern in idiopathic instability in 
young adults and in the overactive neuropathic (i.e., hyper-
refl exic) detrusor.

Obstructed Detrusor

Until the previous decade, structure of the obstructed detrusor 
was investigated almost exclusively by routine histologic methods. 
The only convincing changes reported were in the intersti-
tium,98-106 which, not surprisingly, failed to explain why or how 
the obstructed bladder becomes dysfunctional. Changes in in-
trinsic nerves of the obstructed detrusor were described in a few 
histochemical studies, but no meaningful correlation was made 
with its abnormal functional behavior.107-111 The validity and 
signifi cance of these neural changes remain debatable.8,59,89,93

Ultrastructural studies revealed characteristic changes in the 
experimentally or clinically obstructed detrusor,89,112-116 including 
the rare entity of outlet obstruction in women.89 Collectively 
designated the myohypertrophy pattern, these changes predomi-
nate in muscle cells and interstitium and can explain practically 
all functional abnormalities in the obstructed detrusor.89 Addi-
tional changes in the obstructed human detrusor have been cor-
related with specifi c superimposed, urodynamically defi ned 

derangements of its function.52,60,89 Contrary to some reports,104,105 
there is no correlation between the scope and degree of ultra-
structural changes in the detrusor and the degree of bladder tra-
beculation as observed cystoscopically.58,89

Myohypertrophy Pattern
The myohypertrophy pattern has three features (Fig. 2-5): muscle 
cell hypertrophy, markedly widened spaces between individual 
muscle cells, and collagenosis.58,63,89 Characteristically, the extent 
of cell separation and collagenosis is nonuniform, so that muscle 

Figure 2-3 Dysjunction pattern in detrusor overactivity. Muscle cells 
are separated by mildly widened spaces with depleted, normal 
intermediate junctions, adjoined by protrusion junctions (arrows) 
with indiscernible gaps between the cells and an overall appearance 
of pseudosyncytium at the junctions. The profi le of the residual 
intermediate junction (open arrow) is distinctly different from that 
of protrusion junction (magnifi cation ×13,500). (From Elbadawi A: 
Pathology and pathophysiology of detrusor in incontinence. Urol 
Clin North Am 22:3, 1995.)

A

B
Figure 2-4 Myohypertrophy plus dysjunction pattern of an 
overactive (unstable) obstructed detrusor. A, The overview shows 
the widely variable sizes and shapes of muscle cell profi les, 
markedly widened intercellular spaces containing abundant 
collagen, depleted intermediate cell junctions, and numerous 
protrusion junctions (arrows); the open arrow marks a residual 
intermediate junction (magnifi cation ×4090). B, Muscle cell profi les 
are adjoined as a pseudosyncytium by ultraclose abutments 
(arrows); sarcolemmas (i.e., cell membranes) are dominated by 
dense bands (arrowheads) with depleted caveolae in interposed 
thinner zones (magnifi cation ×11,800). (A, Modifi ed from Elbadawi 
A: Functional pathology of urinary bladder muscularis: The new 
frontier in diagnostic uropathology. Semin Diagn Pathol 10:348, 
1993; B, from Elbadawi A: Pathology and pathophysiology of 
detrusor in incontinence. Urol Clin North Am 22:3, 1995.)
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fascicles with different degrees of loosened structure exist side by 
side in the same section or even microscopic fi eld.

Muscle cell hypertrophy (i.e., increased cell size) is the tradi-
tional hallmark of obstruction in hollow viscera.117,118 Because of 
its nonlayered meshwork organization,3,6,13 the detrusor does not 
lend itself to traditional methods for estimating muscle cell size 
used in the intestine, such as diameter or length of muscle cell 
profi les, number of muscle cell nuclei per area, or volume density 
of muscle cells.59,93,114 This fact casts doubt on the validity of data 
indicating the presence of hypertrophy of obstructed detrusor in 
several studies.99,103,105,119-121

A hypertrophied muscle cell cannot be recognized qualita-
tively on light microscopy, but it has a distinctive, easily discern-
ible ultrastructural profi le58,63,89,113,116 characterized by branching 
of the tapering ends of the cell, deformed or bizarre cell confi gu-
ration with irregular infoldings or contortions (see Fig. 2-5A), 
and occasional refl exive intermediate junctions122 between con-
tortions or branches of the same cell. Branches of hypertrophic 
muscle cells appear to interlock as a braid in tridimensional 
perspective.

Collagenosis designates the presence of abundant collagen 
fi brils and fi bers in markedly widened spaces between individual 
muscle cells (see Figs. 2-4A and 2-5B).58,89 These features cannot 
be recognized by light microscopy. Abundant collagen fi bers also 
expand microsepta and partitions of interstitium, respectively, 
between muscle fascicles and bundles. This corresponds to the 
fi brosis mentioned as the main structural change in earlier studies 
on the obstructed detrusor. Intercellular collagen is generally 
associated with deposits of basal lamina–like material and a vari-
able number of elastic fi bers. Separation of muscle cells results 
in shearing of their junctions, which consequently become 
fewer and unevenly distributed. Muscle cell separation results 
in loosening of the normally compact arrangement of muscle 
cells in fascicles and bundles of the detrusor. When such separa-
tion is excessive, the fascicular arrangement is lost, and the cells 
lie individually, wide apart, amid a dominant background of 
collagen.

Structural-Functional Correlations
Traditionally, it has been thought that the obstructed detrusor 
undergoes compensatory muscular hypertrophy and becomes 
stronger to overcome the obstruction.123 This dogma is fallacious. 
The obstructed detrusor is not stronger; it may actually become 
weaker, and it has a slower velocity (speed) of contraction than 
the norm, even in the presence of adequate bladder emptying and 
absence of retained urine.63,124-127 Theoretically, a hypertrophic 
smooth muscle cell can generate a stronger contraction than a 
normal cell. This, however, does not necessarily mean a stronger 
contraction of the detrusor as a whole. Several ultrastructural 
features of the myohypertrophy pattern limit the ability of hyper-
trophic muscle cells to shorten (i.e., contract). Loss of intermedi-
ate cell junctions between widely separated muscle cells greatly 
restricts the main vehicle for mechanical cell coupling, so that the 
force of contraction of muscle cells would not be transmitted 
effectively to outlying cells. Such hindrance of force transmittal 
is accentuated by excessive collagen in the widened intercellular 
spaces and the expanded interstitium. The net effect of these 
impediments is an inability of the obstructed detrusor to mount 
the speedy, strong, coordinated, or sustained contraction neces-
sary for complete emptying of the full bladder.

Superimposed Structural Changes
Muscle cell degeneration has been described as a constant feature 
of experimental acute, transient overdistention of the rabbit 
detrusor,113,114 the human detrusor after repeated episodes of 
acute retention with bladder overdistention,128 and the chroni-
cally obstructed human detrusor of both genders when its con-
tractility is overtly impaired with considerable residual urine.89 
Degeneration of intrinsic nerves has also been observed ultra-
structurally in the rabbit model and in the chronically obstructed, 
poorly contractile human detrusor. Widespread degenerative 
changes superimposed on myohypertrophy and collagenosis 
further weaken an obstructed detrusor.89 Reduction in density of 
intrinsic nerves has been reported in some light microscopic 
histochemical studies on the obstructed human detrusor107,109,111 
and in a pig model intended to reproduce long-term bladder 
outlet obstruction.108 Based primarily on such reduction and on 
in vitro detrusor responses in the pig model, it was proposed that 
“cholinergic denervation” with subsequent supersensitivity was 
the cause of obstruction-associated instability.129 However, the 
methods used to assess nerve density in the histochemical studies 
were questionable.8,59,93 The conclusion in most of these studies 

A

B
Figure 2-5 Myohypertrophy pattern of an obstructed detrusor. 
A, Bizarre, twisted profi le of a hypertrophic muscle cell 
(magnifi cation ×13,000). B, Markedly widened spaces between 
individual muscle cells containing abundant collagen fi brils and 
some elastic fi bers (arrows) (magnifi cation ×18,600).
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that the observed changes were the result of nerve loss (i.e., 
denervation) was not substantiated by direct evidence of struc-
tural nerve damage or degeneration in any. More reservations 
about the denervation concept of instability were raised in an 
ultrastructural study of the obstructed human detrusor,89 which 
attributed instability in such detrusors to the presence of the 
same protrusion junctions and abutments (see Fig. 2-5) that are 
the cardinal feature of the overactive unobstructed bladder (dis-
cussed earlier).

A variable number of elastic fi bers accompanies deposits of 
collagen in intercellular spaces (see Figs. 2-4A and 2-5B) and 
interstitium of the obstructed detrusor.89,112 Massive deposits of 
elastic fi bers (i.e., hyperelastosis) have been observed in the exces-
sively distended detrusor of patients with chronic urinary reten-
tion caused by bladder outlet obstruction (Fig. 2-6).58,89 Such 
detrusors also have excessive collagenosis, marked expansion of 
interstitium, and severe muscle cell degeneration, with scattered 
residual hypertrophic muscle cells. These changes markedly 
obscure or eliminate orderly organization of detrusor muscular 
elements as fascicles.58,89

Regeneration of muscle cells and intrinsic axons in the detru-
sor accompanies degeneration of the corresponding elements 
after obstruction in the experimental rabbit model of acute tran-
sient overdistention and is the most prominent change after relief 
of that obstruction.113,114 No regenerative changes were observed 
in the chronically obstructed human detrusor of either gender, 
even when degeneration of its muscle cells and axons was evident 
and widespread in association with overt impaired contractil-
ity.58,63,89 Muscle cell regeneration therefore is not a part of the 
process leading to myohypertrophy in the obstructed detrusor 
and probably is not a manifestation of hyperplasia in the rabbit 
model. In this model, muscle cell regeneration and hypertrophy 
are probably manifestations of structural adaptation, eventually 
leading to recovery, that follows the initial damage induced by 

acute distention of the bladder.130 Similarly, regeneration of 
axonal elements in the same model probably represents their 
eventual structural recovery, as observed earlier in the experi-
mentally decentralized bladder.75

The Aging Detrusor

Knowledge about the microstructure of the aging detrusor is 
crucial for our understanding of the pathology and pathophysiol-
ogy of voiding dysfunctions and incontinence in the elderly. It 
has been shown biochemically that collagen content of the detru-
sor increases with advancing age in women,131 resulting in reduc-
tion of its contractility.11,68,126 One report stated that neither the 
amount of smooth muscle nor the size of its individual cells is 
altered by age, but the density of cholinergic innervation is mark-
edly reduced by age.132 The validity of these observations has been 
questioned in an ultrastructural study of truly aging detru-
sors.52,56,58 This study defi ned the microstructural norm of the 
aging detrusor, which was obtained from asymptomatic subjects 
who had no urodynamic evidence of obstruction, detrusor hyper-
activity, impaired detrusor contractility, or altered bladder com-
pliance.52,53 In such a detrusor, muscle cells and axons remain 
virtually intact except for a few subtle ultrastructural changes. 
These include moderate widening of spaces between individual 
muscle cells, modest intercellular deposits of basal lamina, con-
siderable depletion of sarcolemmal caveolae with marked elonga-
tion of sarcolemmal dense bands, and normal (often elongated) 
intermediate cell junctions. These changes may be manifestations 
of a process of dedifferentiation of detrusor muscle cells associ-
ated with aging.52

CONCLUSIONS

Morphologic evaluation of detrusor microstructure can be truly 
objective and functionally meaningful only if it includes an analy-
sis of its muscular, interstitial, and neural (MIN) microstructural 
compartments. Most structural parameters that have direct 
impact on detrusor function can be defi ned only by electron 
microscopy. Studies done so far indicate that the data necessary 
for correlation of detrusor structure and function can be obtained 
readily and reproducibly from an endoscopic biopsy, which 
appears to be truly representative of the whole detrusor insofar 
as the fi ne structure of its smooth muscle elements is concerned. 
The parameters sought are basic and have been defi ned clearly so 
that they can be studied and evaluated by any pathologist with a 
knowledge of diagnostic electron microscopy and smooth muscle 
ultrastructure.58

Different forms of human detrusor dysfunction are associated 
with changes in one or more of the three MIN compartments but 
at the same time differ in one or more. This fact emphasizes the 
great potential of study of detrusor microstructure as the means 
of better understanding the pathophysiology of various voiding 
dysfunctions and of developing a valuable tool in the clinical 
diagnosis and management of such disorders. To gain the full 
benefi t of such study, its goal should be to determine for each 
dysfunction the presence, spectrum, degree, and extent of distri-
bution of the changes seen in each microstructural compartment. 
Only through pursuit of this approach can the natural history 
and the outcome of treatment of various voiding dysfunctions be 
explained, understood, and perhaps predicted with reasonable 
accuracy. To this end, the material needed for microstructural 

Figure 2-6 Hyperelastosis in an overdistended obstructed detrusor. 
Muscle cell profi les are far apart (up to 6 μm) in the interstitium 
with abundant collagen and elastic fi bers (arrows) (magnifi cation 
×10,550). (Modifi ed from Elbadawi A: Functional pathology of 
urinary bladder muscularis: The new frontier in diagnostic 
uropathology. Semin Diagn Pathol 10:349, 1993.)
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study should ideally be obtained at the time of patient presenta-
tion, during follow-up of patients managed conservatively, and 
at various intervals after surgical intervention or other specifi c 
therapy aimed at manipulation of bladder behavior. From such 
information, we can begin to understand the basis for differences 
in clinical presentation between patients with the same disorder 
and between different disorders; recognize patterns of the natural 
course and evolution of different presentations of the same dis-
order and of different disorders; defi ne structural markers of 
reversibility or permanence of each disorder; and identify the 

structural correlates of successful or ineffective treatment in 
patients with the same disorder and patient groups with different 
disorders. As information on the various dysfunctional disorders 
is gathered and correlated, we can begin to identify trends in the 
natural evolution and prognosis of each dysfunction and to 
methodically set appropriate indications, contraindications, and 
predictive indices for available treatment modalities. Eventually, 
the stage will be set for the use of detrusor structural morphology 
as a routine modality in the clinical management of vesical 
dysfunction.

References

 1. Elbadawi A: Neuromorphologic basis of vesicourethral function. 
I. Histochemistry, ultrastructure and function of intrinsic 
nerves of the bladder and urethra. Neurourol Urodyn 1:3-50, 
1982.

 2. Elbadawi A: Autonomic innervation of the vesical outlet and its 
role in micturition. In Hinman F Jr (ed): Benign Prostatic Hyper-
trophy. New York, Springer-Verlag, 1983, pp 330-348.

 3. Elbadawi A: Neuromorphology. Comparative neuromorphology 
in animals. In Torrens M, Morrison JFB (eds): The Physiology 
of the Lower Urinary Tract. London, Springer-Verlag, 1987, 
pp 23-52.

 4. Elbadawi A: Le support anatomique de la physiologie des voies 
urinaires. In Buzelin JM, Richard F, Susset JG (eds): Physiologie et 
Pathologie de la Dynamique des Voies Urinaires (Haut et Bas 
Appareil). Paris, FIIS, 1987, pp 43-66.

 5. Elbadawi A: Neuromuscular mechanisms of micturition. In Yalla 
SV, McGuire EJ, Elbadawi A, Blaivas JG (eds): Neurourology and 
Urodynamics. Principles and Practice. New York, Macmillan, 
1988, pp 3-36.

 6. Elbadawi A: Anatomy of the neuromuscular apparatus of micturi-
tion. In Krane RJ, Siroky MB (eds): Clinical Neurology, 2nd ed. 
Boston, Little, Brown, 1991, pp 5-24.

 7. Van Arsdalen K, Wein AJ: Physiology of micturition and conti-
nence. In Krane RJ, Siroky MB (eds): Clinical Neurourology, 2nd 
ed. Boston, Little, Brown, 1991, pp 25-82.

 8. Elbadawi A: Neurophysiology of storage and voiding function. 
Curr Opin Urol 3:255-261, 1993.

 9. Elbadawi A: Structural basis of detrusor contractility. The “MIN” 
approach to its understanding and study. Neurourol Urodyn 
10:77-86, 1989.

 10. Coolsaet BLRA: Bladder compliance and detrusor activity during 
the collection phase. Neurourol Urodyn 4:263-273, 1985.

 11. Susset JG, Regnier CH: Viscoelastic properties of the bladder and 
urethra. In Yalla SV, McGuire EJ, Elbadawi A, Blaivas JG (eds): 
Neurourology and Urodynamics. Principles and Practice. New 
York, Macmillan, 1988, pp 106-121.

 12. Lose LG: Simultaneous recording of pressure and cross-sectional 
area in the female urethra: A study of urethral closure function in 
healthy and stress incontinent women. Neurourol Urodyn 11:55-
89, 1992.

 13. Hunter deWT: A new concept of the urinary bladder musculature. 
J Urol 71:695-704, 1954.

 14. Uhlenhuth E, Hunter deWT, Loechel WF: Problems in the Anatomy 
of the Pelvis. Philadelphia, Lippincott, 1953, pp 1-157.

 15. Langworthy OR, Kolb LC, Lewis LG: Physiology of Micturition. 
Baltimore, Williams & Wilkins, 1940.

 16. Tanagho EA, Meyers FH: The “internal sphincter.” Is it under 
sympathetic control? Invest Urol 7:79-89, 1969.

 17. Gil Vernet S: Morphology and Function of Vesico-Prostato-
Urethral Musculature. Treviso, Libreria Editrice Canova, 1968, 
pp 11-328.

 18. Hutch JA: Anatomy and Physiology of the Bladder, Trigone and 
Urethra. New York, Appleton-Century-Crofts, 1972, pp 71-122.

 19. Waldeyer W: Über die sogennante Ureterscheide. Verh Anat Ges 
6:259-260, 1892.

 20. Elbadawi A: Anatomy and function of the ureteral sheath. J Urol 
107:224-229, 1972.

 21. Elbadawi A, Amaku EO, Frank IN: Trilaminar musculature of the 
submucosal ureter. Anatomy and functional implications. Urology 
2:409-417, 1973.

 22. Elbadawi A, Schenk EA: A new theory of the innervation of bladder 
musculature. Part IV. Innervation of the vesicourethral junction 
and external urethral sphincter. J Urol 111:613-615, 1974.

 23. Morrison JFB: Neural connections between the lower urinary tract 
and the spinal cord. In Torrens M, Morrison JFB (eds): The Physi-
ology of the Lower Urinary Tract. London, Springer-Verlag, 1987, 
pp 53-88.

 24. Onufrowicz B: On the arrangement and function of the cell groups 
in the sacral region of the spinal cord. Arch Neurol Psychopathol 
3:387-411, 1900.

 24. Shrøder HD: Anatomical and pathoanatomical studies on the 
spinal efferent systems innervating pelvic structures. J Auton Nerv 
Syst 14:23-48, 1985.

 26. Ueyama T, Mizuno N, Nomura S, et al: Central distribution of 
afferent and efferent components of the pudendal nerve in the cat. 
J Comp Neurol 222:38-46, 1984.

 27. Kuru M: Nervous control of micturition. Physiol Rev 45:425-494, 
1965.

 28. Bors E, Comarr AE: Neurological Urology. New York, Karger, 
1971, pp 61-128.

 29. Morrison JFB: Refl ex control of the lower urinary tract. In Torrens 
M, Morrison JFB (eds): The Physiology of the Lower Urinary Tract. 
London, Springer-Verlag, 1987, pp 193-235.

 30. Morrison JFB: Bladder control: Role of higher levels of the central 
nervous system. In Torrens M, Morrison JFB (eds): The Physiology 
of the Lower Urinary Tract. London, Springer-Verlag, 1987, 
pp 237-274.

 31. Kuntz A: The Autonomic Nervous System. Philadelphia, Lea & 
Febiger, 1945, pp 284-303.

 32. Mitchell GAG: Anatomy of the Autonomic Nervous System. Edin-
burgh, E & S Livingstone, 1853, pp 297-310.

 33. Elbadawi A, Schenk EA: Dual innervation of the mammalian 
urinary bladder. A histochemical study of the distribution of cho-
linergic and adrenergic nerves. Am J Anat 119:405-428, 1966.

 34. Elbadawi A, Schenk EA: A new theory of the innervation of urinary 
bladder musculature. I. Morphology of the intrinsic vesical inner-
vation apparatus. J Urol 99:585-587, 1968.

 35. Elbadawi A, Schenk EA: Intra- and extraganglionic peripheral 
cholinergic neurons in urogenital organs of the cat. Z Zellforsch 
Mikrosk Anat 103:26-33, 1970.

 36. Elbadawi A, Schenk EA: A new theory of the innervation of urinary 
bladder musculature. II. The innervation apparatus of the uretero-
vesical junction. J Urol 105:368-371, 1971.

 37. Elbadawi A, Schenk EA: A new theory of the innervation of urinary 
bladder musculature. III. Postganglionic synapses in ureterovesico-
urethral autonomic pathways. J Urol 105:372-374, 1971.

Ch002-X2339.indd   22 1/31/2008   2:10:16 PM



 Chapter 2 STRUCTURAL BASIS OF VOIDING DYSFUNCTION 23

 38. deGroat WC, Saum WR: Sympathetic inhibition of the urinary 
bladder and of pelvic ganglionic transmission in the cat. J Physiol 
220:297-314, 1972.

 39. Elbadawi A, Schenk EA: Parasympathetic and sympathetic post-
ganglionic synapses in ureterovesical autonomic pathways. Z 
Zellforsch Mikrosk Anat 146:147-156, 1973.

 40. Elbadawi A: Ultrastructure of vesicourethral innervation. II. Post-
ganglionic axoaxonal synapses in intrinsic innervation of the vesi-
courethral lissosphincter: A new structural and functional concept 
in micturition. J Urol 131:781-790, 1984.

 41. Elbadawi A: Ultrastructure of vesicourethral innervation. III. 
Axoaxonal synapses between postganglionic cholinergic axons and 
probably SIF-cell derived processes in the feline lissosphincter. 
J Urol 133:524-528, 1985.

 42. Mattiasson A, Andersson KE, Elbadawi A, et al: Interaction between 
adrenergic and cholinergic nerve terminals in the urinary bladder 
of rabbit, cat and man. J Urol 137:1017-1019, 1987.

 43. Watanabe H, Yamamoto T: Autonomic innervation of the muscles 
in the wall of the bladder and proximal urethra of male rats. J Anat 
128:873-886, 1979.

 44. Elbadawi A, Atta MA: Ultrastructure of vesicourethral innervation. 
IV. Evidence for somatomotor plus autonomic innervation of 
the male feline rhabdosphincter. Neurourol Urodyn 4:23-26, 
1985.

 45. Kumagai A, Koyanagi T, Takahashi Y: The innervation of the exter-
nal urethral sphincter. An ultrastructural study in male human 
subjects. Eur Res 15:39-43, 1987.

 46. Morrison JFB: The functions of efferent nerves to the lower uri-
nary tract. In Torrens M, Morrison JFB (eds): The Physiology 
of the Lower Urinary Tract. London, Springer-Verlag, 1987, 
pp 133-159.

 47. deGroat WC, Kawatani M, Hisamitsu T, et al: Neural control of 
micturition: The role of neuropeptides. J Auton Nerv Syst 
(Suppl):369-387, 1986.

 48. Uemura E, Fletcher TF, Dirks VA, et al: Distribution of sacral affer-
ent axons in cat urinary bladder. Am J Anat 136:305-314, 1973.

 49. Uemura E, Fletcher TF, Bradley WE: Distribution of lumbar and 
sacral afferent axons in submucosa of cat urinary bladder. Anat Rec 
183:579-588, 1975.

 50. Dixon JS, Gilpin CJ: Presumptive sensory axons of the human 
urinary bladder: A fi ne structural study. J Anat 151:199-207, 
1987.

 51. Elbadawi A: Ultrastructure of vesicourethral innervation. I. Neu-
roeffector and cell junctions in the male internal sphincter. J Urol 
128:180-188, 1982.

 52. Elbadawi A, Yalla SV, Resnick NM: Structural basis of geriatric 
voiding dysfunction. II. Aging detrusor: Normal vs impaired con-
tractility. J Urol 150:1657-1667, 1993.

 53. Daniel EE, Cowan W, Daniel VP: Structural bases for neural and 
myogenic control of human detrusor muscle. Can J Physiol Phar-
macol 61:1247-1272, 1983.

 54. Gabella G: Structure of smooth muscles. In Bülbring E, Brading 
AF, Jones AW, Tomita T (eds): Smooth Muscle: An Assessment 
of Current Knowledge. Austin, University of Texas Press, 1981, 
pp 1-46.

 55. Gabella G: General aspects of the fi ne structure of smooth muscles. 
In Motta PM (ed): Ultrastructure of Smooth Muscle. Boston, 
Kluwer Academic Publishers, 1990, pp 1-22.

 56. Elbadawi A, Yalla SV, Resnick NM: Structural basis of geriatric 
voiding dysfunction. I. Methods of a prospective ultrastructural/
urodynamic study, and an overview of the fi ndings. J Urol 150:1650-
1656, 1993.

 57. Henderson RM: Cell-to-cell contacts. In Daniel EE, Paton DM 
(eds): Methods in Pharmacology, vol 3. New York, Plenum Press, 
1975, pp 47-77.

 58. Elbadawi A: Functional pathology of urinary bladder muscularis: 
The new frontier in diagnostic uropathology. Semin Diagn Pathol 
10:314-354, 1993.

 59. Elbadawi A, Meyer S: Morphometry of the obstructed detrusor: I. 
Review of the issues. Neurourol Urodyn 8:163-171, 1989.

 60. Elbadawi A, Yalla SV, Resnick NM: Structural basis of geriatric 
voiding dysfunction. III. Detrusor overactivity. J Urol 150:1668-
1680, 1993.

 61. Brading AF: Physiology of bladder smooth muscle. In Torrens M, 
Morrison JFB (eds): The Physiology of the Lower Urinary Tract. 
London, Springer-Verlag, 1987, pp 161-191.

 62. Dixon JS, Gosling JA: Ultrastructure of smooth muscle cells in 
the urinary system. In Motta PM (ed): Ultrastructure of 
Smooth Muscle. Boston, Kluwer Academic Publishers, 1990, 
pp 153-169.

 63. Elbadawi A: Pathology and pathophysiology of the obstructed 
detrusor. In Jardin A (ed): Prostate and α-Blockers. Chester, Adis 
International, 1990, pp 1-25.

 64. Inoué T: The three-dimensional ultrastructure of intracellular 
organization of smooth muscle cells by scanning electron micros-
copy. In Motta PM (ed): Ultrastructure of Smooth Muscle. Boston, 
Kluwer Academic Publishers, 1990, pp 63-77.

 65. Grover AK: Calcium-handling studies using isolated smooth 
muscle membranes. In Grover AK, Daniel EE (eds): Calcium and 
Contractility: Smooth Muscle. Clifton, Humana Press, 1985, 
pp 245-269.

 66. Kondo A, Susset JG, Lefaivre J: Viscoelastic properties of bladder. 
I. Mechanical model and its mathematical analysis. Invest Urol 
10:154-163, 1972.

 67. Regnier CH, Kolsky H, Richardson PD, et al: The elastic behavior 
of the urinary bladder for large deformations. J Biomech 16:915-
922, 1983.

 68. Susset JG, Regnier CH: Physiologie vésico-sphinctérienne. La phase 
de remplissage: Properties visco-elastiques de la vessie et de 
l'urèthre. In Buzelin JM, Richard F, Susset JG (eds): Physiologie et 
Pathologie de la Dynamique des Voies Urinaires (Haut et Bas 
Appareil). Paris, FIIS, 1987, pp 66-83.

 69. Tomita T: Electrical properties of mammalian smooth muscle. 
In Bülbring E, Brading AF, Jones AW, Tomita T (eds): Smooth 
Muscle. Baltimore, Williams & Wilkins, 1970, pp 197-243.

 70. Gosling JA, Dixon JS, Critchley HOD, Thompson S-A: A compara-
tive study of the human external sphincter and periurethral levator 
ani muscles. Br J Urol 53:35-41, 1981.

 71. Elbadawi A, Atta MA: Intrinsic neuromuscular defects in the neu-
rogenic bladder. IV. Loss of somatomotor and preservation of 
autonomic innervation of the male feline rhabdo-sphincter follow-
ing bilateral sacral ventral rhizotomy. Neurourol Urodyn 4:219-
229, 1985.

 72. Elbadawi A, Atta MA: Intrinsic neuromuscular defects in the neu-
rogenic bladder. V. Autonomic re-innervation of the male feline 
rhabdosphincter following somatic denervation by bilateral sacral 
ventral rhizotomy. Neurourol Urodyn 5:65-85, 1986.

 73. Atta MA, Elbadawi A: Intrinsic neuromuscular defects in the neu-
rogenic bladder. VII. Neurohistochemistry of the somatically 
denervated male feline rhabdosphincter. Neurourol Urodyn 6:47-
56, 1987.

 74. Elbadawi A, Atta MA, Franck JI: Intrinsic neuromuscular defects 
in the neurogenic bladder. I. Short-term ultrastructural changes in 
muscular innervation of the decentralized feline bladder base fol-
lowing unilateral sacral ventral rhizotomy. Neurourol Urodyn 
3:93-113, 1984.

 75. Atta MA, Franck JI, Elbadawi A: Intrinsic neuromuscular defects 
in the neurogenic bladder. II. Long-term innervation of the unilat-
erally decentralized feline bladder base by regenerated cholinergic, 
increased adrenergic, and emergent probable "peptidergic" nerves. 
Neurourol Urodyn 3:185-200, 1984.

 76. Elbadawi A, Atta MA: Intrinsic neuromuscular defects in the neu-
rogenic bladder. III. Transjunctional, short- and long-term ultra-
structural changes in muscle cells of the decentralized bladder base 
following unilateral sacral ventral rhizotomy. Neurourol Urodyn 
3:245-270, 1984.

Ch002-X2339.indd   23 1/31/2008   2:10:16 PM



24 Section 1 BASIC CONCEPTS

 77. Elbadawi A, Atta MA, Hanno AG-E: Intrinsic neuromuscular 
defects in the neurogenic bladder. VIII. Effects of unilateral pelvic 
and pelvic plexus neurectomy on ultrastructure of the feline bladder 
base. Neurourol Urodyn 7:77-92, 1988.

 78. Hanno AGE, Atta MA, Elbadawi A: Intrinsic neuromuscular defects 
in the neurogenic bladder. IX. Effects of combined parasympa-
thetic decentralization and hypogastric neurectomy on neuromus-
cular ultrastructure of the feline bladder base. Neurourol Urodyn 
7:93-111, 1988.

 79. Elbadawi A, Atta MA: Intrinsic neuromuscular defects in the neu-
rogenic bladder. X. Value and limitations of neurohistochemistry. 
Neurourol Urodyn 8:263-276, 1989.

 80. Elbadawi A, Atta MA: Intrinsic neuromuscular defects in the neu-
rogenic bladder. VI. Myofi ber ultrastructure in the somatically 
denervated male feline rhabdosphincter. Neurourol Urodyn 5:453-
473, 1986.

 81. Cowan WM: Antegrade and retrograde transneuronal degenera-
tion in the central and peripheral nervous system. In Nauta WJH, 
Ebbesson SOE (eds): Contemporary Research Methods in Neuro-
anatomy. New York, Springer-Verlag, 1978, pp 217-251.

 82. Sundin T, Dahlström A: The sympathetic innervation of the urinary 
bladder and urethra in the normal state and after parasympathetic 
denervation at the spinal root level. An experimental study in cats. 
Scand J Urol Nephrol 7:131-149, 1973.

 83. Kawatani M, deGroat WC: The effect of partial denervation 
on the efferent pathways to the urinary bladder. Proceedings of 
the Sixth Annual Symposium of the Urodynamics Society. 1984, 
p 35.

 84. McGuire EJ, Yalla SV, Elbadawi A: Abnormalities of vesicourethral 
dysfunction following radical pelvic extirpative surgery. In Yalla 
SV, McGuire EJ, Elbadawi A, Blaivas JG (eds): Neurourology and 
Urodynamics. Principles and Practice. New York, Macmillan, 
1988, pp 331-337.

 85. Neal DE, Bogue PR, Williams RE: Histological appearances of the 
nerves of the bladder in patients with denervation of the bladder 
after excision of the rectum. Br J Urol 54:658-666, 1982.

 86. Elbadawi A, Miller LF, Liu JS, et al: Structural detrusor damage in 
a spinal dog neurostimulation model. Neurourol Urodyn 9:199-
200, 1990.

 87. Resnick NM: Voiding dysfunction in the elderly. In Yalla SV, 
McGuire EJ, Elbadawi A, Blaivas JG (eds): Neurourology and Uro-
dynamics: Principles and Practice. New York, Macmillan, 1988, pp 
303-330.

 88. Resnick NM, Yalla SV, Laurino E: The pathophysiology of urinary 
incontinence among institutionalized elderly persons. N Engl J 
Med 320:1-7, 1989.

 89. Elbadawi A, Yalla SV, Resnick NM: Structural basis of geriatric 
voiding dysfunction. IV. Bladder outlet obstruction. J Urol 
150:1681-1695, 1993.

 90. Resnick NM, Yalla, SV: Detrusor hyperactivity with impaired con-
tractile function. An unrecognized but common cause of inconti-
nence in elderly patients. JAMA 257:3076-3081, 1987.

 91. Gu J, Restorick JM, Blank MA, et al: Vasoactive intestinal polypep-
tide in the normal and unstable bladder. Br J Urol 55:645-647, 
1983.

 92. Moore KH, Gilpin SA, Dixon JS, et al: Increase in presumptive 
sensory nerves of the urinary bladder in idiopathic detrusor insta-
bility. Br J Urol 70:370-372, 1992.

 93. Meyer S, Elbadawi A: Morphometry of the obstructed detrusor. II. 
Principles of a comprehensive protocol. Neurourol Urodyn 8:173-
191, 1989.

 94. Kinder RB, Mundy AR: Pathophysiology of idiopathic detrusor 
instability and detrusor hyper-refl exia. An in vitro study of human 
detrusor muscle. Br J Urol 60:509-515, 1987.

 95. Mundy AR: Detrusor instability. Br J Urol 62:393-397, 1988.
 96. Van Poppel H, Stessens R, Baert L, et al: Vasoactive intestinal 

peptide innervation of human urinary bladder in normal and 
pathologic conditions. Urol Int 43:205-210, 1988.

 97. McGuire EJ: Evaluation of urinary incontinence. In Yalla SV, 
McGuire EJ, Elbadawi A, Blaivas JG (eds): Neurourology and 
Urodynamics. Principles and Practice. New York, Macmillan, 
1988, pp 211-220.

 98. Magasi P, Csontai A, Ruszinkó B: Beiträge zur Blasenwandregen-
eration. Z Urol Nephrol 62:209-216, 1969.

 99. Brent L, Stephens FD: The response of smooth muscle cells in the 
rabbit urinary bladder to outfl ow obstruction. Invest Urol 12:494-
502, 1975.

100. Ghoniem GM, Regnier CH, Biancani P, et al: The effect of vesical 
outlet obstruction on detrusor contractility and passive properties 
in rabbits. J Urol 135:1284-1289, 1986.

101. Clermont A: Etude Ultrastructurale du Muscle Vésical chez 
l’Homme [thèse, docteur de médecin]. Nice, France, 1978, pp 
1-88.

102. Cortivo R, Pagano F, Passerini G, et al: Elastin and collagen 
in the normal and obstructed bladder. Br J Urol 53:134-137, 
1981.

103. Gilpin SA, Gosling JA, Barnard RJ: Morphological and morpho-
metric studies of the human obstructed, trabeculated urinary 
bladder. Br J Urol 57:525-529, 1985.

104. Gosling JA, Dixon JS: Structure of the trabeculated detrusor smooth 
muscle in cases of prostatic hypertrophy. Urol Int 35:351-354, 
1980.

105. Gosling JA, Dixon JS: Detrusor morphology in relation to 
bladder outfl ow obstruction and instability. In Hinman F Jr (ed): 
Benign prostatic hypertrophy. New York, Springer-Verlag, 1983, 
pp 666-671.

106. Mayo ME, Lloyd-Davies RW, Shuttleworth KED, Tighe JR: The 
damaged human detrusor: Functional and electron microscopic 
changes in disease. Br J Urol 45:116-125, 1973.

107. Gosling JA, Gilpin SA, Dixon JS, Gilpin CJ: Decrease in autonomic 
innervation of the human detrusor muscle in outfl ow obstruction. 
J Urol 136:501-505, 1986.

108. Dixon JS, Gilpin CJ, Gilpin SA, et al: Sequential morphological 
changes in the pig detrusor in response to chronic partial urethral 
obstruction. Br J Urol 64:385-390, 1989.

109. Cumming JA, Chisholm GD: Changes in detrusor innervation 
with relief of outfl ow tract obstruction. Br J Urol 69:7-11, 
1992.

110. Chapple CR, Milner P, Moss HE, Burnstock G: Loss of sensory 
neuropeptides in the obstructed human bladder. Br J Urol 70:373-
381, 1992.

111. Williams JH, Turner WH, Sainsbury GM, Brading AF: Experimen-
tal model of bladder outfl ow tract obstruction in the guinea-pig. 
Br J Urol 71:543-554, 1993.

112. Mayo ME, Hinman F: Structure and function of the rabbit bladder 
altered by chronic obstruction or cystitis. Invest Urol 14:6-9, 
1976.

113. Elbadawi A, Meyer S, Malkowicz SB, et al: Effects of short-term 
partial outlet obstruction on the rabbit detrusor: An ultrastructural 
study. Neurourol Urodyn 8:89-116, 1989.

114. Meyer S, Atta MA, Wein AJ, et al: Morphometric analysis of muscle 
cell changes in the short-term partially obstructed rabbit detrusor. 
Neurourol Urodyn 8:117-131, 1989.

115. Meyer S, Levin RM, Ruggieri MR, et al: Quantitative analysis of 
intercellular changes in the short-term partially obstructed rabbit 
detrusor. Neurourol Urodyn 8:133-140, 1989.

116. Meyer S, Hassouna M, Mokhless I, et al: Ultrastructural changes in 
the obstructed pig detrusor: A preliminary report. Neurourol 
Urodyn 8:141-150, 1989.

117. Gabella G: Hypertrophy of intestinal smooth muscle. Cell Tissue 
Res 163:199-214, 1975.

118. Gabella G: Hypertrophic smooth muscle. I. Size and shape of cells, 
occurrence of mitoses. Cell Tissue Res 201:63-78, 1979.

119. Jaske G, Hoffstäder F: Changes in the bladder wall muscle associ-
ated with benign prostatic enlargement. Urol Res 5:149-152, 
1977.

Ch002-X2339.indd   24 1/31/2008   2:10:16 PM



 Chapter 2 STRUCTURAL BASIS OF VOIDING DYSFUNCTION 25

120. Hoekstra JW, Griffi ths DJ, Tauecchio EA, Shroeder TKF: Effects of 
long-term catheter implantation on the contractile and histological 
properties of the canine bladder. J Urol 133:709-712, 1985.

121. Uvelius B, Persson L, Mattiasson A: Smooth muscle cell hypertro-
phy and hyperplasia in the rat detrusor after short-term infravesical 
outfl ow obstruction. J Urol 131:173-176, 1984.

122. Gabella G: Hypertrophic smooth muscle. III. Increase in number 
and size of gap junctions. Cell Tissue Res 201:263-276, 1979.

123. Leriche A: Mécanisme des symptômes fonctionnels de l’hypertro-
phie bénigne de la prostate. Physiopathologie et symptômes. In 
Prostate et Alpha-bloquants. Amsterdam, Excerpta Medica, 1989, 
pp 76-98.

124. Coolsaet B, Elbadawi A: Urodynamics in the management of 
benign prostatic hypertrophy. World J Urol 6:215-224, 1989.

125. McGuire EJ: Detrusor responses to obstruction. In Rodgers C, 
Coffey DS, Cuhna G, et al (eds): Benign Prostatic Hypertrophy, II. 
Bethesda, NIH Publication no. 287-288, 1987, pp 211-220.

126. Susset JG: Effects of aging and prostatic obstruction on detrusor 
morphology and function. In Hinman F Jr (ed): Benign Prostatic 
Hypertrophy. New York, Springer-Verlag, 1983, pp 653-665.

127. Susset JG: Effet de l’hypertrophie prostatique bénigne sur la con-
tractilité vésicale. In Prostate et Alpha-bloquants. Amsterdam, 
Excerpta Medica, 1989, pp 49-72.

128. Lloyd-Davies RW, Hinman F Jr: Structural and functional changes 
leading to impaired bacterial elimination after overdistension of 
the rabbit bladder. Invest Urol 9:136-142, 1971.

129. Speakman MJ, Brading AF, Gilpin CJ, et al: Bladder outfl ow 
obstruction—a cause of denervation supersensitivity. J Urol 
138:1461-1466, 1987.

130. Elbadawi A, Meyer S, Regnier CH: The role of ischemia in struc-
tural changes in the rabbit detrusor following partial bladder outlet 
obstruction. A working hypothesis and a biomechanical/structural 
model proposal. Neurourol Urodyn 8:151-162, 1989.

131. Susset JG, Servot-Viguier D, Lamy F, et al: Collagen in 155 human 
bladders. Invest Urol 16:204-206, 1978.

132. Gilpin SA, Gilpin CJ, Dixon JS, et al: The effect of age on the auto-
nomic innervation of the urinary bladder. Br J Urol 58:378-381, 
1986.

Ch002-X2339.indd   25 1/31/2008   2:10:16 PM



Chapter 3

NEUROANATOMY AND 
NEUROPHYSIOLOGY: INNERVATION OF 
THE LOWER URINARY TRACT
William C. de Groat

The storage and periodic elimination of urine depend on the 
coordinated activity of two functional units in the lower urinary 
tract: a reservoir, which is the urinary bladder, and an outlet 
consisting of the bladder neck, the urethra, and the urethral 
sphincter. Coordination between these organs is mediated by a 
complex neural control system located in the brain, spinal cord, 
and peripheral ganglia. Urine storage and release depend on 
central nervous system pathways. This distinguishes the lower 
urinary tract from many other visceral structures (e.g., the gas-
trointestinal tract, cardiovascular system) that maintain a certain 
level of function even after extrinsic neural input has been 
eliminated.

The lower urinary tract is unusual in its pattern of activity and 
organization of neural control mechanisms. For example, the 
urinary bladder has only two modes of operation: storage and 
elimination. Many of the neural circuits have switchlike or phasic 
patterns of activity, unlike the tonic patterns characteristic of the 
autonomic pathways to cardiovascular organs. Micturition is 
under voluntary control and depends on learned behavior that 
develops during maturation of the nervous system, whereas 
many other visceral functions are regulated involuntarily. Mic-
turition also requires the integration of autonomic and somatic 
efferent mechanisms to coordinate the activity of visceral organs 
(i.e., bladder and urethra) with that of urethral striated 
muscles.

Because of the complexity of the neural mechanisms regulat-
ing the lower urinary tract, micturition is sensitive to a wide 
variety of injuries, diseases, and chemicals that affect the nervous 
system. Neurologic mechanisms are an important consideration 
in the diagnosis and treatment of voiding disorders. This chapter 
reviews the innervation of the urinary bladder and urethra, the 
organization of the refl ex pathways controlling urine storage and 
elimination, the neurotransmitters involved in micturition refl ex 
pathways, and neurogenic dysfunctions of the lower urinary 
tract.

INNERVATION

The innervation of the lower urinary tract is derived from three 
sets of peripheral nerves: sacral parasympathetic (i.e., pelvic 
nerves), thoracolumbar sympathetic (i.e., hypogastric nerves and 
sympathetic chain), and sacral somatic nerves (i.e., primarily 
pudendal nerves) (Fig. 3-1).1-5

Sacral Parasympathetic Pathways

The sacral parasympathetic nerves, which in humans originate 
from the S2 to S4 segments of the spinal cord, provide most 
excitatory input to the bladder. Cholinergic preganglionic 
neurons located in the intermediolateral region of the sacral 
spinal cord send axons to ganglionic cells in the pelvic plexus and 
the bladder wall (see Fig. 3-1). Transmission in bladder ganglia 
is mediated by a nicotinic cholinergic mechanism. In some 

26

Figure 3-1 Diagram of the innervation of the female lower urinary 
tract. BL, urinary bladder; CP, celiac plexus; HGN, hypogastric 
nerve; IMP, inferior mesenteric plexus; L1, fi rst lumbar root; PEL, 
pelvic nerves; PP, pelvic plexus; PUD, pudendal nerve; S1, fi rst 
sacral root; SN, sciatic nerve; SHP, superior hypogastric plexus; T9, 
ninth thoracic root; U, ureter. (Modifi ed from de Groat WC, Booth 
AM: Autonomic systems to bladder and sex organs. In Dyck PJ, 
Thomas PK, Griffi n JW, et al [eds]: Peripheral Neuropathy, 3rd ed. 
Philadelphia, WB Saunders, 1993, p 198.)
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species (e.g., cats, rabbits) ganglionic synapses act like gating 
circuits, exhibiting marked facilitation during repetitive pregan-
glionic activity and modulation by various transmitter systems, 
including muscarinic, adrenergic, purinergic, and enkephaliner-
gic (Table 3-1).6,7 The ganglia can have an important role in regu-
lating neural input to the bladder. Whether bladder ganglia in 
humans have similar properties is not known. Ganglion cells 
excite the bladder smooth muscle. Histochemical studies of the 
ganglia and nerves supplying the human lower urinary tract 
have shown that many ganglion cells contain choline acetyl-
transferase, acetylcholinesterase, and the vesicular acetylcholine 
transporter and therefore are cholinergic. Choline acetyltrans-
ferase–, acetylcholinesterase-, and acetylcholine transporter–
positive nerves are abundant in all parts of the bladder but are 
less extensive in the urethra.1,2,5 Neuropeptide Y and nitric oxide 
synthase also have been identifi ed in 40% to 95% of intramural 
ganglia of the human bladder. Several populations of axonal 
varicosities have been detected close to intramural ganglion cells, 
including substance P–, vasoactive intestinal polypeptide (VIP)–, 
and calcitonin gene–related peptide (CGRP)–positive axons, 
which are presumably collaterals of extrinsic sensory nerves; 
tyrosine hydroxylase and neuropeptide Y axons, which are likely 
to be sympathetic axons; and galanin- and neuropeptide Y–
containing axons.

Parasympathetic neuroeffector transmission in the bladder is 
mediated by acetylcholine acting on postjunctional muscarinic 
receptors.8-11 M2 and M3 muscarinic receptors subtypes are 
expressed in bladder smooth muscle; however, examination of 

subtype-selective muscarinic receptor antagonists and studies of 
muscarinic receptor–knockout mice have revealed that the M3 
subtype is the principal receptor involved in excitatory trans-
mission.8-11 Activation of M3 receptors triggers intracellular Ca2+ 
release, whereas activation of M2 receptors inhibits adenylate 
cyclase.10 The latter may contribute to bladder contractions 
by suppressing adrenergic inhibitory mechanisms that are 
mediated by β3-adrenergic receptors and stimulation of adenylate 
cyclase.

In bladders of various animals, stimulation of parasympa-
thetic nerves produces a noncholinergic contraction that is 
resistant to atropine and other muscarinic receptor–blocking 
agents. Adenosine triphosphate (ATP) (see Table 3-1) has been 
identifi ed as the excitatory transmitter mediating the noncholin-
ergic contractions.10-13 ATP excites the bladder smooth muscle 
by acting on P2X receptors, which are ligand-gated ion channels. 
Among the seven types of P2X receptors that have been identifi ed 
in the bladder, P2X1 is the major subtype expressed in the rat 
and in human bladder smooth muscle.12,13 Purinergic agonists 
also modulate transmission in bladder ganglia.6,14,15 Although 
purinergic excitatory transmission is not important in the 
normal human bladder, it appears to be involved in bladders 
from patients with pathologic conditions such as detrusor 
overactivity, chronic urethral outlet obstruction, or interstitial 
cystitis.12,16,17

Parasympathetic pathways to the urethra induce relaxation 
during voiding.1,10,11,18-20 In various species, the relaxation is not 
affected by muscarinic antagonists and therefore is not mediated 

Table 3-1 Receptors for Putative Transmitters in the Lower Urinary Tract

Tissue Cholinergic Adrenergic Other

Bladder body + (M2)*
+ (M3)

− (β2)
− (β3)

+ Purinergic (P2X1)
− VIP
+ Substance P (NK2)

Bladder base + (M2)
+ (M3)

+ (α1) − VIP
+ Substance P (NK2)
+ Purinergic (P2X)

Urothelium + (M2)
+ (M3)

+ α
+ β

+ TRPV1
+ TRPM8
+ P2X
+ P2Y
+ SP
+Bradykinin (B2)

Urethra + (M) + (α1)
+ (α2)
− (β)

+ Purinergic (P2X)
− VIP
− Nitric oxide

Sphincter striated muscle + (N)
Adrenergic nerve terminals − (M2)

+ (M1)
− (α2) − NPY

Cholinergic nerve terminals − (M2)
+ (M1)

+ (α1) − NPY

Afferent nerve terminals + Purinergic (P2X2/3)
+ TRPV1

Ganglia + (N)
+ (M1)

+ (α1)
− (α2)
+ (β)

− Enkephalinergic (δ)
− Purinergic (P1)
+ Substance P

*Letters in parentheses indicate receptor type, such as muscarinic (M) and nicotinic (N). Plus and minus signs indicate excitatory and inhibitory 
effects.
NPY, neuropeptide Y; TRP, transient receptor potential; VIP, vasoactive intestinal polypeptide.
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by acetylcholine. However, inhibitors of nitric oxide synthase 
block the relaxation in vivo during refl ex voiding or block the 
relaxation of urethral smooth muscle strips induced in vitro by 
electrical stimulation of intramural nerves, indicating that nitric 
oxide is the inhibitory transmitter involved in relaxation.1,2,11,18,19 
In some species, neurally evoked contractions of the urethra are 
reduced by muscarinic receptor antagonists or by desensitization 
of P2X purinergic receptors, indicating that acetylcholine or ATP 
are involved in excitatory transmission to urethral smooth 
muscle.21

Thoracolumbar Sympathetic Pathways

Sympathetic preganglionic pathways that arise from the T11 to 
L2 spinal segments pass to the sympathetic chain ganglia and 
then to prevertebral ganglia in the superior hypogastric and 
pelvic plexus and to short adrenergic neurons in the bladder 
and urethra. Sympathetic postganglionic nerves that release nor-
epinephrine provide excitatory input to smooth muscle of the 
urethra and bladder base, inhibitory input to smooth muscle in 
the body of the bladder, and inhibitory and facilitatory input to 
vesical parasympathetic ganglia.1,7,11 Radioligand receptor binding 
studies showed that α-adrenergic receptors are concentrated in 
the bladder base and proximal urethra, whereas β-adrenergic 
receptors are most prominent in the bladder body.1,10 These 
observations are consistent with pharmacologic studies showing 
that sympathetic nerve stimulation or exogenous catecholamines 
produce β-adrenergic receptor–mediated inhibition of the body 
and α-adrenergic receptor–mediated contraction of the base, 
dome, and urethra. Molecular and contractility studies have 
shown that β3-adrenergic receptors elicit inhibition and α1-
adrenergic receptors elicit contractions in the human bladder.10 
The α1A-adrenergic receptor subtype is most prominent in the 
normal bladders, but the α1D-adrenergic receptor subtype is 
upregulated in bladders from patients with outlet obstruction, 
raising the possibility that α1-adrenergic receptor excitatory 
mechanisms in the bladder may contribute to irritative lower 
urinary tract symptoms in patients with benign prostatic 
hyperplasia.10

Sacral Somatic Pathways

Somatic efferent pathways to the external urethral sphincter are 
carried in the pudendal nerve from anterior horn cells in the 
third and fourth sacral segments. Branches of the pudendal nerve 
and other sacral somatic nerves also carry efferent impulses to 
muscles of the pelvic fl oor and proprioceptive afferent signals 
from these muscles, as well as sensory information from the 
urethra.2,22-24 Analysis of urethral closure mechanisms in the 
female rat during bladder distention or sneeze-induced stress 
conditions revealed that the major rise in urethral pressure 
occurred in the middle urethra and was mediated by efferent 
pathways in the pudendal nerve to the external urethral sphincter 
and by pathways in nerves to the iliococcygeus and pubococ-
cygeus muscles, although not by pathways in the sympathetic or 
parasympathetic nerves.25

Neural Modulation

Postganglionic nerve terminals are sites of “cross-talk” between 
sympathetic and parasympathetic nerves and possible sites of 
gating mechanisms.26-30 For example, in the rat lower urinary 

tract, activation of M2/4 (muscarinic) cholinergic receptors on 
nerve terminals suppresses acetylcholine and norepinephrine 
release,30 whereas activation of M1 cholinergic receptors or 
α1-adrenergic receptors enhances acetylcholine release (see 
Table 3-1).26-29 Inhibitory M2/4 mechanisms are dominant at low 
frequencies of nerve activity and therefore may contribute to 
urine storage, whereas M1 facilitatory mechanisms are dominant 
at high frequencies of nerve stimulation and may contribute to 
an enhancement of neurally evoked bladder contractions during 
micturition to induce complete bladder emptying.

Other putative transmitters that have been identifi ed in effer-
ent pathways to the lower urinary tract of animals and humans 
may modulate neuroeffector transmission (see Table 3-1).3,31,32 
Neuropeptide Y is present in adrenergic and cholinergic neurons,32 
and when administered exogenously, it acts prejunctionally to 
suppress the release of norepinephrine and acetylcholine from 
postganglionic nerve terminals.21 Although nitric oxide relaxes 
smooth muscle in the urethra, it is inactive in bladder smooth 
muscle.10 However, in the bladder, it may act on afferent nerves 
to modulate excitability.10,31 VIP, which is released with acetyl-
choline, may function as an inhibitory transmitter in the bladder.10 
Efferent control of the bladder and urethra is potentially complex 
and involves many transmitters and many synaptic gating mech-
anisms in ganglia and at postganglionic nerve terminals.

Lumbosacral Afferent Pathways

Afferent activity arising in the bladder is transmitted to the 
central nervous system by both sets of autonomic nerves.2,33-37 
The afferent nerves most important for initiating micturition are 
those passing in the pelvic nerves to the sacral spinal cord. These 
afferents consist of small, myelinated (A) and unmyelinated (C) 
fi bers that convey impulses from tension receptors and nocicep-
tors, respectively, in the bladder wall.2,3,36 Electrophysiologic 
studies in the cat have shown that A bladder afferents respond in 
a graded manner to passive distention and to active contraction 
of the bladder.35-37 The intravesical pressure threshold for activa-
tion of these afferents ranges from 5 to 15 mm Hg, which is 
consistent with pressures at which humans report the fi rst sensa-
tion of bladder fi lling during cystometry. The A afferents in the 
cat show a linear increase in fi ring with increasing intravesical 
pressures that extend into the noxious range, suggesting that 
nociceptive stimuli in the bladder may be encoded in part by high 
rates of fi ring in polymodal afferents that also transmit non-
noxious information.

High-threshold C-fi ber afferents have also been detected in 
the cat bladder.34 Under normal conditions, most of these affer-
ents do not respond to bladder distention and therefore have 
been designated silent C fi bers, but many can be activated by 
chemical irritation of the bladder mucosa3,34 or cold temperatures 
(Fig. 3-2).38 After chemical irritation, C-fi ber afferents exhibit 
spontaneous fi ring with the bladder empty and increased fi ring 
during bladder distention.34 Activation of C-fi ber afferents by 
chemical irritation facilitates the micturition refl ex and decreases 
bladder capacity.2,3,39-41 Administration of capsaicin, a neurotoxin 
that desensitizes C-fi ber afferents, blocks this facilitation but does 
not block micturition refl exes in normal animals, indicating 
that C-fi ber afferent pathways are not essential for normal 
voiding.2,42,43

In the rat, A-fi ber and C-fi ber bladder afferents are not dis-
tinguishable on the basis of stimulus modality; both types of 
afferents consist of mechanosensitive and chemosensitive popu-
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lations.44-47 C-fi ber afferents that respond only to bladder fi lling 
have also been identifi ed in the rat bladder and appear to be 
volume receptors possibly sensitive to stretch of the mucosa.2,44 
C-fi ber afferents are sensitive to the neurotoxins capsaicin and 
resiniferatoxin and to other substances, such as tachykinins, 
nitric oxide, ATP, prostaglandins, and neurotrophic factors, 
released in the bladder by afferent nerves, urothelial cells, and 
infl ammatory cells (see Fig. 3-2).2,3,41,45,48-54 These substances can 
sensitize the afferent nerves and change their response to mechan-
ical stimuli.

Mechanosensitive afferents from the bladder and urethra have 
been identifi ed in sympathetic nerves passing to the lumbar 
spinal cord.55 These afferent pathways consist of myelinated and 
unmyelinated axons that respond to similar stimulus modalities 
as afferents in the pelvic nerve. The function of sympathetic nerve 
afferents in the control of micturition is uncertain; however, 
based on clinical observations, it is clear that in humans they 
carry nociceptive information from the lower urinary tract.

Afferent pathways from the urethra, which induce the sensa-
tions of temperature, pain, and passage of urine, travel in the 
pudendal nerve to the lumbosacral spinal cord.2,3 Afferents from 
the female sex organs, including the clitoris, vagina, and part of 
the innervation of the uterine cervix, also travel in the pudendal 

nerve.56,57 These afferents and pudendal nerve afferents from the 
striated sphincter muscles have a modulatory infl uence on 
micturition.3,24

The properties of lumbosacral dorsal root ganglion cells 
innervating the bladder, urethra, and external urethral sphincter 
in the rat have been studied with patch-clamp recording tech-
niques in combination with axonal tracing methods to identify 
the different populations of neurons.58-65 Based on responsiveness 
to capsaicin, it is estimated that approximately 70% of bladder 
afferent neurons in the rat are the C-fi ber type. These neurons 
exhibit high-threshold, tetrodotoxin-resistant sodium channels 
and action potentials and phasic fi ring (one to two spikes) in 
response to prolonged depolarizing current pulses.58,60,61 Approx-
imately 90% of the bladder C-fi ber afferent neurons also are 
excited by ATP, which induces depolarization and fi ring of affer-
ent neurons by activating P2X3 or P2X2/3 receptors.65 These 
neurons express isolectin-B4 binding, which is commonly used 
as a marker for ATP-responsive sensory neurons.60 A-fi ber affer-
ent neurons are resistant to capsaicin and ATP and exhibit low-
threshold, tetrodotoxin-sensitive sodium channels and action 
potentials and tonic fi ring (multiple spikes) to depolarizing 
current pulses. C-fi ber bladder afferent neurons also express a 
slowly decaying A-type K+ channel that controls spike threshold 
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Figure 3-2 The diagram shows the receptors in the urothelium and in sensory nerve endings in the bladder mucosa and the putative 
chemical mediators that are released by the urothelium, nerves, or smooth muscle that can modulate the excitability of sensory nerves. 
Urothelial cells and sensory nerves express common receptors (i.e., P2X, TRPV1, and TRPM8). Distention of the bladder activates stretch 
receptors and triggers the release of urothelial transmitters such as adenosine triphosphate (ATP), acetylcholine (ACh), and nitric oxide (NO) 
that may interact with adjacent nerves. Receptors in afferent nerves or the urothelium can respond to changes in pH, osmolality, high 
potassium ion (K+) concentration, chemicals in the urine, or infl ammatory mediators released in the bladder wall. Neuropeptides (e.g., 
neurokinin A) released from sensory nerves in response to distention or chemical stimulation can act on NK-2 autoreceptors to sensitize the 
mechanosensitive nerve endings. The smooth muscle can generate a force that may infl uence some mucosal endings. Nerve growth factor 
released from muscle or urothelium can exert an acute and chronic infl uence on the excitability of sensory nerves though an action on 
tyrosine kinase A (Trk-A) receptors. MAChR, muscarinic acetylcholine receptor; TRPM8, menthol/cold receptor; TRPV1, transient receptor 
potential vanilloid receptor 1, sensitive to capsaicin. 
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and fi ring frequency.58,62 Suppression of this K+ channel induces 
hyperexcitability of bladder afferent nerves.58 These properties 
of dorsal root ganglion cells are consistent with the different 
properties of A-fi ber and C-fi ber afferent receptors in the 
bladder.

Immunohistochemical studies have shown that a large per-
centage of bladder afferent neurons contain peptides: CGRP, 
VIP, substance P, pituitary adenylate cyclase-activating polypep-
tide (PACAP), corticotropin-releasing factor (CRF), and enkeph-
alins.66,67 In the bladder, these peptides are common in nerves in 
the submucosal and subepithelial layers and around blood vessels. 
The neurotoxin capsaicin, when applied locally to the bladder in 
experimental animals, releases peptides from peripheral afferent 
terminals and produces infl ammatory responses, including 
plasma extravasation and vasodilatation.41 Afferent peptides can 
also modulate transmission in bladder ganglia.6 These fi ndings 
suggest that the neuropeptides may be important neurotrans-
mitters in afferent pathways in the lower urinary tract.

Urothelial-Afferent Interactions
Studies have revealed that the urothelium, which has been tradi-
tionally viewed as a passive barrier at the bladder luminal 
surface,2,68,69 has specialized sensory and signaling properties that 
allows urothelial cells to respond to their chemical and physical 
environment and to engage in reciprocal chemical communica-
tion with neighboring nerves in the bladder wall (see Fig. 3-2).68-80 
These properties include expression of nicotinic, muscarinic, 
tachykinin, adrenergic, purinergic, and capsaicin (TRPV1) recep-
tors70-76,80-83; responsiveness to transmitters released from sensory 
nerves; close physical association with afferent nerves74,84,85; and 
an ability to release chemical mediators such as ATP, acetylcho-
line, and nitric oxide that can regulate the activity of adjacent 
nerves and thereby trigger local vascular changes or refl ex bladder 
contractions.71,75,77,82,86 The role of ATP in urothelial-afferent 
communication has attracted considerable attention because 
bladder or urethral distention releases ATP from the urothe-
lium,72,77,87,88 and intravesical administration of ATP induces 
bladder hyperactivity,86,88 an effect blocked by administration of 
P2X purinergic receptor antagonists that suppress the excitatory 
action of ATP on bladder afferent neurons.65,86,88 Mice in which 
the P2X3 receptor was knocked out exhibited hypoactive bladder 
activity and ineffi cient voiding,76,88 suggesting that activation of 
P2X3 receptors on bladder afferent nerves by ATP released from 
the urothelium was essential for normal bladder function. It has 
also been reported that urothelial cells obtained from patients or 
cats with a chronic, painful bladder condition (i.e., interstitial 
cystitis) released signifi cantly larger amounts of ATP in response 
to mechanical stretching than urothelial cells from normal 
patients.72,89 The release of other substances, including nitric 
oxide90 and a nonapeptide glycoprotein called APF,91-93 is also 
increased in feline interstitial cystitis and human interstitial cys-
titis, respectively. This raises the possibility that enhanced signal-
ing between the urothelium and afferent nerves is involved in the 
triggering of painful bladder sensations (see Fig. 3-2).

Communication between the urothelium and afferent nerves 
may also involve another cell type,  the myofi broblast.94-96 These 
cells, which stain intensely for vimentin and gap junction protein 
connexin 43, have been identifi ed immediately below the urothe-
lium in human and guinea pig bladders. Electron microscopic 
studies have revealed that the cells make close appositions with 
unmyelinated suburothelial nerve endings.95 Exogenous ATP can 
induce Ca+2-activated chloride currents in myofi broblasts by 

stimulation of P2Y receptors.96 It has been suggested that stretch-
induced ATP released from urothelial cells may act on myofi bro-
blasts, which modulate the excitability of adjacent afferent 
nerves.

ANATOMY OF CENTRAL NERVOUS PATHWAYS

Efferent Neurons

Preganglionic neurons in the lumbosacral parasympathetic 
nucleus have been identifi ed in the intermediolateral region of 
the spinal cord in several species.3,97 In the cat, the sacral para-
sympathetic nucleus is divided into two groups of cells: a dorsal 
band and a lateral band. Neurons innervating the urinary bladder 
are located in the lateral band. These neurons have an extensive 
network of axon collaterals98 that is involved in a recurrent inhib-
itory mechanism99 that regulates refl ex bladder activity. The 
neurons send dendrites to discrete regions of the spinal cord, 
including the lateral and dorsal lateral funiculus, lamina I on the 
lateral edge of the dorsal horn, the dorsal gray commissure, and 
the gray matter and lateral funiculus ventral to the autonomic 
nucleus (Fig. 3-3).97 It has been suggested that the dendrites in 
the lateral funiculus receive inputs from descending pathways 
from the brain, whereas the other dendrites receive segmental 
inputs from interneurons or primary afferents. Lumbar sympa-
thetic preganglionic neurons and motor neurons in Onuf ’s 
nucleus that innervate the external urethral sphincter have similar 
dendritic distributions (see Fig. 3-3).100-102

Afferent Projections

Afferent pathways from the lower urinary tract project to discrete 
regions of the dorsal horn that contain the soma or dendrites of 
efferent neurons innervating the lower urinary tract. Pelvic nerve 
afferent pathways from the urinary bladder of the cat103,104 and 
the rat105 project into Lissauer’s tract at the apex of the dorsal 
horn and then pass rostrocaudally, giving off collaterals that 
extend laterally and medially through the superfi cial layer of the 
dorsal horn (lamina I) into the deeper layers (laminae V to VII 
and X) at the base of the dorsal horn (Fig. 3-4A and see Fig. 3-3). 
The lateral pathway, which is the most prominent projection, 
terminates in the region of the sacral parasympathetic nucleus 
and also sends some axons to the dorsal commissure (see Figs. 
3-3 and 3-4A).

Pudendal nerve afferent pathways from the external urethral 
sphincter of the cat have central terminations that overlap in part 
with those of bladder afferents in lateral laminae, I, V to VII, and 
X.100,101 Afferents from the female sexual organs also terminate in 
these areas.56,57 The overlap of the central projections of bladder 
afferents and the afferents in the pudendal nerve to the sex organs 
and urethra is of interest, because activation of the latter afferents 
can markedly infl uence bladder function.106-109

Spinal Interneurons

The spinal neurons involved in processing afferent input 
from the lower urinary tract and the sex organs have been 
identifi ed by physiologic and anatomic tracing techniques.110-115 
Interneurons that fi re in response to bladder distention or 
mechanical stimulation of the vagina or uterine cervix have been 
detected in lateral intermediate gray matter near the sacral para-
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sympathetic nucleus and in the region of the dorsal commissure 
(lamina X).2,108 Commonly, stimulation of sex organ afferents 
inhibits neurons activated by bladder distention, which is con-
sistent with the inhibitory effect of these afferents on bladder 
refl exes.108,109

Spinal interneurons have also been identifi ed by the expres-
sion of the immediate-early gene FOS (see Fig. 3-4B)110-112 and by 
transneuronal transport of pseudorabies virus from the bladder 
(see Fig. 3-4C).40,113-115 The protein product of the FOS gene can 
be detected immunocytochemically in the nuclei of neurons 
within 30 to 60 minutes after synaptic activation. In the rat, 

noxious or non-noxious stimulation of the bladder and urethra 
and electrical stimulation of the pelvic or pudendal nerves 
increased the levels of FOS protein, primarily in the dorsal com-
missure and in the area of the sacral parasympathetic nucleus (see 
Fig. 3-4B), the major sites of termination of afferents from the 
lower urinary tract. Neurons in these same regions are labeled by 
the pseudorabies virus (see Fig. 3-4C), which passes transsynapti-
cally in a sequential manner from postganglionic to pregang-
lionic efferent neurons and then to segmental interneurons 
and eventually to neurons in the brain (Fig. 3-5) (discussed 
later).113-115 Interneurons in the dorsal commissure region also 
project to the sphincter motor nucleus.116,117 These results indi-
cate that interneurons in restricted regions of the intermediate 
gray matter and dorsal commissure play a major role in coordi-
nating the different aspects of lower urinary tract function.

Patch-clamp recordings from parasympathetic preganglionic 
neurons in the rat spinal slice preparations have revealed that 
interneurons located immediately dorsal and medial to the para-
sympathetic nucleus make direct monosynaptic connections with 
the preganglionic neurons (PGNs).118-120 Microstimulation of 
interneurons in both locations elicits glutamatergic, N-methyl-
d-aspartic acid (NMDA), and non-NMDA excitatory postsynap-
tic currents in PGNs. Stimulation of a subpopulation of medial 
interneurons elicits GABAergic and glycinergic inhibitory post-
synaptic currents.118 In this way, local interneurons likely play 
an important role in excitatory and inhibitory refl ex pathways 
controlling the preganglionic outfl ow to the lower urinary 
tract. Glutamatergic excitatory inputs have also been elicited by 
stimulation of the projections from lamina X and the lateral 
funiculus.121,122

Pathways in the Brain

The neurons in the brain that control the lower urinary tract 
have been studied with a variety of anatomic tracing techniques 
in several species. In the rat, transneuronal virus tracing 
methods113-115 have identifi ed many populations of central 
neurons that are involved in the control of the bladder, urethra, 
and urethral sphincter, including the Barrington nucleus, the 
pontine micturition center (PMC); the medullary raphe nucleus, 
which contains serotonergic neurons; the locus ceruleus, which 
contains noradrenergic neurons; the periaqueductal gray (PAG); 
and the A5 noradrenergic cell group (see Fig. 3-5). Several regions 
in the hypothalamus and the cerebral cortex also exhibited virus-
infected cells. Neurons in the cortex were located primarily in the 
medial frontal cortex.

Other anatomic studies in which anterograde tracer sub-
stances were injected into brain areas and then identifi ed in ter-
minals in the spinal cord are consistent with the virus-tracing 
data. Tracer injected into the paraventricular nucleus of the 
hypothalamus labeled terminals in the sacral parasympathetic 
nucleus and the sphincter motor nucleus (see Fig. 3-3).123-125 
Neurons in the anterior hypothalamus project to the PMC, and 
neurons in the PMC project primarily to the sacral parasympa-
thetic nucleus and the lateral edge of the dorsal horn and the 
dorsal commissure, areas containing dendritic projections from 
the preganglionic neurons, sphincter motoneurons, and afferent 
inputs from the bladder. Conversely, projections from neurons 
in the lateral pons terminate rather selectively in the sphincter 
motor nucleus (i.e., Onuf’s nucleus) (see Fig. 3-3).125 The sites of 
termination of descending projections from the PMC are opti-
mally located to regulate refl ex mechanisms at the spinal level.

Figure 3-3 Neural connections between the brain and the sacral 
spinal cord that may be involved in the regulation of the lower 
urinary tract in the cat. Lower section of the spinal cord shows the 
location and morphology of a preganglionic neuron in the sacral 
parasympathetic nucleus (SPN), a sphincter motoneuron in Onuf’s 
nucleus (ON), and the sites of central termination of afferent 
projections from the urinary bladder. Upper section of the spinal 
cord shows the sites of termination of descending pathways arising 
in the pontine micturition center (medial), the pontine sphincter or 
urine storage center (lateral), and the paraventricular nuclei of the 
hypothalamus. Section through the pons shows the projection for 
anterior hypothalamic nuclei to the pontine micturition center. 
(From de Groat WC: Neural control of urinary bladder and sexual 
organs. In Bannister R, Mathias, CJ [eds]: Autonomic Failure, 3rd 
ed. Oxford, Oxford University Press, 1992, p 129.)
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REFLEX MECHANISMS CONTROLLING THE LOWER 
URINARY TRACT

The central pathways controlling lower urinary tract function are 
organized as simple on-off switching circuits that maintain a 
reciprocal relationship between the urinary bladder and the ure-
thral outlet. The principal refl ex components of these switching 
circuits are listed in Table 3-2 and are illustrated in Figure 3-6. 
Intravesical pressure measurements during bladder fi lling in 
humans and animals reveal that bladder pressure is maintained 
at a low and relatively constant level when bladder volume is 
below the threshold for inducing voiding (Fig. 3-7A). Accom-
modation of the bladder to increasing volumes of urine is pri-
marily a passive phenomenon that depends on the intrinsic 
properties of the vesical smooth muscle and the quiescence of the 
parasympathetic efferent pathway.2-4 In some species, urine 
storage is also facilitated by sympathetic refl exes that mediate 

inhibition of bladder activity and closure of the urethral outlet 
(see Table 3-2 and Fig. 3-6).126,127 During bladder fi lling, the activ-
ity on the sphincter electromyogram also increases (see Fig. 3-7), 
refl ecting an increase in efferent fi ring in the pudendal nerve and 
an increase in outlet resistance that contributes to the mainte-
nance of urinary continence.24

The storage phase of the urinary bladder can be switched to 
the voiding phase involuntarily (by refl ex) or voluntarily (see Fig. 
3-7B). The former is readily demonstrated in the human infant 
(see Fig. 3-7A) and in the anesthetized animal when the volume 
of urine exceeds the micturition threshold. At this point, increased 
afferent fi ring from tension receptors in the bladder reverses the 
pattern of efferent outfl ow, producing fi ring in the sacral para-
sympathetic pathways and inhibition of sympathetic and somatic 
pathways. The expulsion phase consists of an initial relaxation of 
the urethral sphincter (see Fig. 3-7A) followed in a few seconds 
by a contraction of the bladder, an increase in bladder pressure, 

A
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D
Figure 3-4 The distribution of bladder afferent projections to the L6 spinal cord of the rat (A) is shown, with the distribution of Fos-positive 
cells in the L6 spinal segment after chemical irritation of the lower urinary tract of the rat (B) and the distribution of interneurons in the L6 
spinal cord labeled by transneuronal transport of pseudorabies virus injected into the urinary bladder (C). Afferents labeled by lectin wheat 
germ agglutinin conjugated to horseradish peroxidase (WGA-HRP) injected into the urinary bladder. Fos immunoreactivity is present in the 
nuclei of cells. CC central canal; DH, dorsal horn; SPN, sacral parasympathetic nucleus. D, Laminar organization of the cat spinal cord.

Table 3-2 Refl exes to the Lower Urinary Tract

Afferent Pathway Efferent Pathway Central Pathway

Urine storage: low-level vesical afferent 
activity (pelvic nerve)

External sphincter contraction (somatic nerves)
Internal sphincter contraction (sympathetic nerves)
Detrusor inhibition (sympathetic nerves)
Ganglionic inhibition (sympathetic nerves)
Sacral parasympathetic outfl ow, inactive

Spinal refl exes

Micturition: high-level vesical afferent activity 
(pelvic nerve)

Inhibition of external sphincter activity
Inhibition of sympathetic outfl ow
Activation of parasympathetic outfl ow to the bladder

Spinobulbospinal refl exes
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and fl ow of urine. Secondary refl exes elicited by the fl ow of urine 
through the urethra facilitate bladder emptying.4

These refl exes require the integrated action of neuronal popu-
lations at various levels of the neuraxis (Fig. 3-8 and see Fig. 3-6). 
Certain refl exes, such as those mediating the excitatory input to 
the sphincters and the sympathetic inhibitory input to the 
bladder, are organized at the spinal level (see Fig. 3-6A), whereas 
the parasympathetic input to the detrusor has a more compli-
cated central organization involving spinal and spinobulbospinal 
pathways (see Fig. 3-6B).

Storage Refl exes

Sympathetic Pathways
Studies in animals indicate that sympathetic input to the lower 
urinary tract is tonically active during bladder fi lling.3 Surgical or 
pharmacologic blockade of the sympathetic pathways can reduce 
urethral resistance, bladder capacity, and bladder wall compli-
ance and increase the frequency and amplitude of bladder con-

tractions. Sympathetic fi ring is initiated at least in part by a 
sacrolumbar intersegmental spinal refl ex pathway triggered by 
vesical afferent activity in the pelvic nerves (see Table 3-2 and Fig. 
3-6A).126,127 This vesicosympathetic refl ex represents a negative-
feedback mechanism whereby an increase in bladder pressure 
triggers an increase in inhibitory input to the bladder, allowing 
the bladder to accommodate larger volumes of urine. The refl ex 
pathway is inhibited during micturition, and the inhibition is 
abolished by transection of the spinal cord at the thoracic level, 
indicating that it originates at a supraspinal site, possibly the 
PMC (see Fig. 3-6B).127

Somatic Efferent Pathways to the Urethral Sphincter
Refl ex control of the striated urethral sphincter is similar to 
control of sympathetic pathways to the lower urinary tract (see 
Fig. 3-6A). During bladder fi lling, pudendal motor neurons are 
activated by vesical afferent input, whereas during micturition, 
motor neurons are reciprocally inhibited. Inhibition depends in 
part on supraspinal mechanisms, because in animals with chronic 
spinal lesions and in paraplegic patients, it is weak or absent. In 
paraplegics, the uninhibited spinal vesicosphincter excitatory 
refl ex pathway commonly initiates a striated sphincter contrac-
tion in concert with a contraction of the bladder (i.e., bladder-
sphincter dyssynergia) (see Fig. 3-7C). This refl ex interferes with 
bladder emptying.

Supraspinal control of sphincter motor neurons has been 
studied with electrophysiologic techniques in animals. Electrical 
stimulation of the lateral funiculus of the spinal cord or stimula-
tion of various areas of the brain evokes excitatory postsynaptic 
potentials and fi ring in sphincter motor neurons and an increase 
in sphincter electromyographic activity in the cat.128-132 Stimula-
tion of the lateral pontine reticular formation, an area that has 
been designated the urine storage center, elicits an increase in 
sphincter electromyographic activity and inhibits bladder activ-
ity.124,133 Stimulation of dorsal medial pontine sites (e.g., PMC) 
excites the bladder and inhibits sphincter electromyographic 
activity at latencies of 40 to 50 ms.124,132,133 These fi ndings indicate 
that the spinal refl ex pathways that mediate urine storage are 
strongly modulated by descending input from the brain.

Voiding Refl exes

Spinobulbospinal Micturition Refl ex Pathway
Micturition is mediated by activation of the sacral parasympa-
thetic efferent pathway to the bladder and reciprocal inhibition 
of the somatic pathway to the urethral sphincter (see Table 3-2 
and Fig. 3-6B). Studies in animals using brain-lesioning tech-
niques have revealed that neurons in the brainstem at the level 
of the inferior colliculus play an essential role in the control of 
the parasympathetic component of micturition (Fig. 3-9 and see 
Fig. 3-8).131,134-138 Removal of areas of the brain above the inferior 
colliculus by intercollicular decerebration usually facilitates mic-
turition by eliminating inhibitory inputs from more rostral areas 
of the brain (see Fig. 3-8).3,4,134,135 However, transection at any 
point below the colliculi abolishes micturition. Bilateral lesions 
in the rostral pons abolish micturition, whereas electrical stimu-
lation at these sites triggers bladder contractions and micturi-
tion.136,138 These observations led to the concept of a 
spinobulbospinal micturition refl ex pathway that passes through 
a center in the rostral brainstem, the PMC (see Figs. 3-6B and 
3-9). This pathway functions as an on-off switch (see Fig. 3-6) 

Figure 3-5 Structures in the brain and spinal cord of the adult 
and neonatal rat were labeled after injection of pseudorabies virus 
into the urinary bladder or the urethra. Virus is transported 
transneuronally in a retrograde direction (dashed arrows). Normal 
synaptic connections are indicated by solid arrows. At long survival 
times, the virus can be detected in neurons at specifi c sites in the 
spinal cord and brain, extending to the pontine micturition center in 
the pons (i.e., Barrington’s nucleus) and to the cerebral cortex. 
Other sites in the brain labeled by the virus are the paraventricular 
nucleus (PVN), medial preoptic area (MPOA), and periventricular 
nucleus (Peri.V.N.) of the hypothalamus; periaqueductal gray 
(PAG); locus ceruleus (LC) and subceruleus; red nucleus (Red N.); 
medullary raphe nuclei; and the noradrenergic cell group (A5).
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that is activated by a critical level of afferent activity arising from 
tension receptors in the bladder.136 This switch is modulated by 
inhibitory and excitatory infl uences from areas of the brain 
rostral to the pons (i.e., diencephalon and cerebral cortex) and 
from other areas of the brainstem (Fig. 3-10 and see Figs. 3-8 
and 3-9).134,135

Pontine Micturition Center
Physiologic and pharmacologic experiments have provided sub-
stantial support for the concept that neuronal circuitry in the 
PMC functions as a switch in the micturition refl ex pathway. The 
switch seems to regulate bladder capacity and coordinate the 
activity of the bladder and external urethral sphincter.2,3,131,138 
Electrical or chemical stimulation in the PMC of the rat, cat, or 
dog induces suppression of urethral sphincter electromyographic 

activity, fi ring of sacral preganglionic neurons, bladder contrac-
tions, and release of urine.3,124,131,136,138 Microinjections of putative 
inhibitory transmitters into the PMC of the cat can increase the 
volume threshold for inducing micturition and, in high doses, 
completely block refl ex voiding, indicating that synapses in this 
region are important for regulating the set point for refl ex voiding 
and are an essential link in the refl ex pathway.131 The PMC 
receives inputs indirectly through relay stations in the PAG or 
directly from spinal tract neurons (see Fig. 3-10) located in lateral 
laminae I, V, and VII of the sacral spinal cord.112,116,139-141 Neurons 
in the latter areas of the spinal cord receive dense projections 
from bladder afferent pathways104,105,110 (see Figs. 3-3 and 3-4) and 
respond to distention or contraction of the bladder.108,110 Brain 
imaging studies in humans using positron emission tomography 
(PET) or functional magnetic resonance imaging (fMRI) have 
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Figure 3-6 Neural circuits controlling continence and micturition. A, Urine storage refl exes. During the storage of urine, distention of the 
bladder produces low-level vesical afferent fi ring, which stimulates sympathetic outfl ow to the bladder outlet (i.e., base and urethra) and 
pudendal outfl ow to the external urethral sphincter. These responses occur by spinal refl ex pathways and represent guarding refl exes, which 
promote continence. Sympathetic fi ring also inhibits the detrusor muscle and modulates transmission in the bladder ganglia. A region in the 
rostral pons (i.e., pontine storage center) increases external urethral sphincter activity. B, Voiding refl exes. During elimination of urine, 
intense bladder afferent fi ring activates spinobulbospinal refl ex pathways passing through the pontine micturition center, which stimulates 
the parasympathetic outfl ow to the bladder and internal sphincter smooth muscle and inhibits the sympathetic and pudendal outfl ow to the 
urethral outlet. Ascending afferent input from the spinal cord may pass through relay neurons in the periaqueductal gray (PAG) before 
reaching the pontine micturition center.
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identifi ed increased neuronal activity in the PMC and PAG 
during voiding (see Fig. 3-9).142-144

Spinal Micturition Pathway
Refl ex mechanisms in the spinal cord can also mediate bladder 
contractions and voiding.2,3,42,43,137 In most species, these mecha-
nisms are weak or absent in adults with an intact nervous system; 
however, they are prominent in neonates145 or in mature animals 
after spinal cord injury above the lumbosacral level.146,147 In the 

cat, the spinal micturition refl ex is mediated by C-fi ber afferents 
(see Fig. 3-10), whereas the spinobulbospinal refl ex in normal 
animals is triggered by A fi ler afferent input from tension recep-
tors in the urinary bladder.43,136,137 Somatic afferent pathways, 
particularly afferents with receptors in the perineum, can also 
induce voiding refl exes.108,145,146 Spinal pathways mediate invol-
untary or automatic micturition, whereas the spinobulbospinal 
pathways are involved in voluntary micturition.

Suprapontine Control of Micturition
Experiments in animals and clinical studies in humans indicate 
that various sites in the brain in addition to those directly involved 
in the micturition refl ex pathway infl uence lower urinary 
tract function. Reviews of the clinical and animal literature con-
cerning the regulation of micturition by the brain have been 
published.2-4,125

Axonal-tracing studies in rats using transsynaptic transport of 
pseudorabies virus have revealed the presence of direct connec-
tions from neurons in many brain areas to the refl ex circuitry 
that regulates bladder function.113-115 As illustrated in Figure 3-5, 
after injection of the virus into the bladder wall, preganglionic 
neurons and interneurons in the spinal cord are labeled at short 
transport times; at longer transport times, neurons in various 
areas of the brain, including the PMC, paraventricular and medial 

Figure 3-7 Combined cystometrograms and sphincter 
electromyograms (EMGs) comparing refl ex voiding responses in an 
infant (A) and in a paraplegic patient (C) with a voluntary voiding 
response in an adult (B). The abscissa in all recordings represents 
bladder volume (mL), and the ordinates represent bladder pressure 
(cm H2O) and electrical activity of the EMG recording. On the left 
side of each trace, the arrows indicate the start of a slow infusion 
of fl uid into the bladder (i.e., bladder fi lling). Vertical dashed lines 
indicate the start of sphincter relaxation, which precedes by a few 
seconds the bladder contraction in A and B. In B, notice that a 
voluntary cessation of voiding (i.e., stop) is associated with an initial 
increase in the sphincter electromyographic pattern, followed by a 
reciprocal relaxation of the bladder. A resumption of voiding is 
associated with sphincter relaxation and a delayed increase in 
bladder pressure. In the paraplegic patient (C), the reciprocal 
relationship between bladder and sphincter is abolished. During 
bladder fi lling, transient uninhibited bladder contractions occur in 
association with sphincter activity. Further fi lling leads to more 
prolonged and simultaneous contractions of the bladder and 
sphincter (i.e., bladder-sphincter dyssynergia). Loss of the reciprocal 
relationship between the bladder and sphincter in paraplegic 
patients interferes with bladder emptying. (From de Groat WC, 
Steers WD: Autonomic regulation of the urinary bladder and sex 
organs. In Loewy AD, Spyer KM [eds]: Central Regulation of 
Autonomic Functions. Oxford, Oxford University Press, 1990, 
p 310.)

Figure 3-8 A, Sagittal section of the cat brain shows various levels 
of brain transections made in the study of the supraspinal control 
of micturition. IC, inferior colliculi; M, midbrain; P, pons; SC 
superior colliculi. B, The net facilitatory and inhibitory actions of 
various levels of the brain are identifi ed by the transection 
procedures shown in A. (Data from Tang PC: Levels of the brain 
stem and diencephalon controlling the micturition refl ex. J 
Neurophysiol 18:583, 1955; Tang PC, Ruch TC: Localization of 
brain stem and diencephalic areas controlling the micturition refl ex. 
J Comp Neurol 106:213, 1956.)
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preoptic nuclei of the hypothalamus, cerebral cortex, red nucleus, 
and PAG and raphe nuclei in the brainstem, are labeled by the 
virus. The possible functions of these neurons in the regulation 
of lower urinary tract function have been revealed by lesion and 
electrophysiologic studies in animals134,135 and imaging studies in 
humans.

Lesion studies in humans148 and animals149 indicate that vol-
untary control of micturition depends on connections between 
the frontal cortex and forebrain structures, such as the anterior 
cingulate gyrus, hypothalamus, amygdala, bed nucleus of the 
stria terminalis, and septal nuclei, in which electrical stimulation 
elicits excitatory bladder effects.149,150 Lesions to these areas of 
cortex resulting from tumors, aneurysms, or cerebrovascular 
disease appear to remove inhibitory control over the anterior 
hypothalamic area, which normally provides excitatory input to 
micturition centers in the brainstem (see Fig. 3-8).4,148

The literature on the hypothalamic infl uences on lower urinary 
tract function is extensive.2-4 Electrical stimulation of the anterior 
or lateral hypothalamus of animals activates the sacral parasym-
pathetic excitatory pathway to the bladder and induces bladder 
contractions and voiding. In the cat, the effects of hypothalamic 
stimulation are probably mediated by actions in the brainstem 
and direct projections to the spinal cord. Axonal tracing studies 
in cats have shown that hypothalamic areas have diverse projec-
tions to areas of the brainstem that have an important role in the 
control of bladder function. For example, the anterior hypotha-
lamic area projects directly through the medial forebrain bundle 
to the PMC (see Fig. 3-3). The lateral hypothalamic area projects 
to the parabrachial nucleus,151 which reportedly has facilitatory 
effects on micturition.4 The anterior, medial, and paraventricular 
areas of the hypothalamus project to the central gray matter and 
medullary raphe nuclei. Electrical stimulation of the latter areas 
and adjacent reticular formation (i.e., nucleus reticularis gigan-
tocellularis) has been shown to exert prominent modulatory 

effects on bladder and urethral sphincter activity.3,4 Medial and 
posterior hypothalamic areas, including the paraventricular 
nucleus, have direct projections to the sacral parasympathetic 
nucleus, the sphincter motor nucleus (i.e., Onuf’s nucleus), and 
certain sites in the spinal cord where bladder afferents terminate 
(i.e., laminae I and X) (see Fig. 3-3).123 Hypothalamic control 
may be mediated by direct inputs to pontine and sacral micturi-
tion centers or by indirect mechanisms through other brainstem 
regions.

The infl uence of the hypothalamus on bladder function may 
be modulated by afferent input from the bladder. Tracing studies 
in rats have identifi ed a spinohypothalamic pathway arising from 
neurons in the region of the sacral parasympathetic nucleus.112,153 
FOS protein studies have shown that a large percentage of these 
neurons (60%) receive afferent input from the lower urinary 
tract.112 This spinohypothalamic pathway may provide one route 
by which changes in bladder pressure modulate the fi ring of 
hypothalamic neurons.154 This pathway also provides the 
anatomic substrate for putative spinohypothalamospinal and 
spinohypothalamopontine loops that may provide important 
modulatory control over micturition.

In the rat, the prefrontal cortex is considered a visceromotor 
area, whereas the insular cortex is considered a viscerosensory 
area. In rats subjected to infarction of the middle cerebral artery 
on one side, a prominent decrease in bladder capacity was seen, 
implying that there is tonic cortical inhibition of bladder func-
tion.155-157 However, several types of synaptic changes related to 
inhibitory and facilitatory mechanisms involving glutamatergic 
and dopaminergic pathways were observed, attesting to the com-
plexity of cortical infl uences on bladder control.155-157

Medullary centers have been implicated in inhibitory and 
facilitatory modulation of the micturition refl ex pathway. The 
two most prominent modulatory mechanisms are mediated by 
descending bulbospinal projections from the nucleus gigantocel-

Periaqueductal gray Pons Cingulate Frontal lobe

Figure 3-9 Increases in brain activity with increasing volume. Activations are shown superimposed on three orthogonal sections of 
normalized brain. Increases in brain activity with increases in bladder volume are seen in the periaqueductal gray, pons, cingulate, and 
frontal lobes (SPM t, P < .05 uncorrected). (Modifi ed from Athwal BS, Berkley KJ, Hussain I, et al: Brain responses to changes in bladder 
volume and urge to void in healthy men. Brain 124:369, 2001.)
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lularis reticularis (NGR) and the caudal raphe nuclei (see Fig. 
3-5).158-160 Electrical stimulation in the NGR inhibits bladder 
motility, reduces refl ex fi ring in the pelvic nerve efferent path-
ways,3,4 and elicits excitatory postsynaptic potentials and inhibi-
tory postsynaptic potentials in sphincter motoneurons.128 
Electrical or chemical stimulation of the nucleus raphe magnus 
(NRM), which is the origin of descending serotonergic projec-
tions to the spinal cord, inhibits refl ex bladder contractions and 
refl ex fi ring in the sacral efferent pathways to the bladder of the 
cat.158,159 Stimulation of the NRM also inhibits the fi ring of spinal 
dorsal horn neurons activated by afferents in the pelvic nerve.160 
Descending raphe spinal pathways may modulate bladder sensory 
mechanisms in the spinal cord, and this may account for the 
inhibitory effect of raphe stimulation on bladder refl exes. In the 
rat and cat, raphe neurons are activated by bladder disten-
tion.160,161 This raises the possibility that afferent input from the 
bladder may trigger a refl ex loop, resulting in activation of a 
raphe-spinal inhibitory pathway that may suppress the micturi-
tion refl ex pathway at the spinal level.

PET studies in humans have revealed that two cortical areas, 
the right dorsolateral prefrontal cortex and the anterior cingulate 
gyrus) (see Fig. 3-9), are active (i.e., exhibited increased blood 
fl ow) during voiding.116,143,162-164 The hypothalamus, including the 
preoptic area, and the pons and the PAG (see Fig. 3-9) also 
showed activity in concert with bladder fi lling or voluntary 
micturition. It is noteworthy that the active areas were predo-
minately on the right side of the brain, which is consistent with 
reports that urge incontinence is correlated with lesions in the 
right hemisphere. Other PET studies that examined the changes 
in brain activity during fi lling of the bladder revealed that 
increased activity occurred in the PAG, the midline pons, the 
mid-cingulate gyrus, and bilaterally in the frontal lobes (see Fig. 
3-9).144,164 The results support the notion that the PAG receives 
information about bladder fullness and then relays this infor-
mation to other brain areas involved in the control of bladder 
storage. A PET study was also conducted in adult female volun-
teers to identify brain structures involved in voluntary control of 
pelvic fl oor muscles.142 The results revealed that the superomedial 
precentral gyrus, the most medial portion of the motor cortex, 
is activated during pelvic fl oor contraction. The right anterior 
cingulate gyrus also was activated during sustained pelvic fl oor 
straining.

Functional brain imaging has provided the opportunity to 
study cortical activation in response to different types of sensa-
tion arising from the bladder. Recognition of bladder fullness 
appears to be associated with activation of a network of brain 
regions that is distinct from that related to the perception of 
urinary urgency, which is associated with a decrease in activity in 
the hypothalamus, activation bilaterally in the premotor regions 
and the cingulate regions, but no activity in the PAG.164 Activa-
tion of the primary somatosensory cortex was not seen with 
changes in bladder volume or the urge to void, but sensorimotor 
activity was observed during voiding in the presence of a cathe-
ter.163 A difference was also seen between natural bladder fi lling 
to capacity and fi lling with ice water in that there was no overlap 
between the areas activated in these two conditions; there was 
marked somatosensory cortex activity but no PAG activity when 
fi lling with ice water.165

NEUROTRANSMITTERS IN MICTURITION 
REFLEX PATHWAYS

Excitatory Transmitters

Glutamic acid plays an essential role as an excitatory transmitter 
in the central pathways controlling the lower urinary tract of the 
rat.2,3 It is involved at the level of the lumbosacral spinal cord in 
processing afferent input from the bladder,166,167 at interneuronal 
synapses on parasympathetic preganglionic neurons,119,120,122 and 
in the descending pathway from the PMC to the sacral parasym-
pathetic nucleus (SPN).168,169 Intrathecal or intravenous admin-
istration of NMDA or α-amino-3-hydroxy-5-methylisooxazole-
4-propionic acid (AMPA) receptor antagonists in urethane-
anesthetized rats depressed refl ex bladder contractions and 
electromyographic activity of the external urethral sphincter in 
animals with an intact spinal cord and in chronic spinal-injured 
animals with the cord transected at the midthoracic level.170-172 
These results indicate that spinal refl ex pathways controlling 
bladder and sphincter function use NMDA and AMPA glutama-
tergic transmitter mechanisms. Glutamate also functions as an 

Figure 3-10 Organization of the parasympathetic excitatory refl ex 
pathway to the detrusor muscle. The scheme of micturition refl ex 
pathways is based on electrophysiologic studies in cats. In animals 
with an intact spinal cord, micturition is initiated by a supraspinal 
refl ex pathway passing through a center in the brainstem. The 
pathway is triggered by myelinated afferents (A fi bers), which are 
connected to the tension receptors in the bladder wall. Injury to the 
spinal cord above the sacral segments interrupts the connections 
between the brain and spinal autonomic centers and initially blocks 
micturition. However, over a period of several weeks after cord 
injury, a spinal refl ex mechanism emerges, which is triggered by 
unmyelinated vesical afferents (C fi bers); the A-fi ber afferent inputs 
are ineffective. The C-fi ber refl ex pathway is usually weak or 
undetectable in animals with an intact nervous system. Stimulation 
of the C-fi ber bladder afferents by instillation of ice water into the 
bladder (i.e., cold stimulation) activates voiding responses in 
patients with spinal cord injury. Capsaicin (20 to 30 mg SC) blocks 
the C-fi ber refl ex in chronic spinal cats, but it does not block 
micturition refl exes in intact cats. Intravesical capsaicin also 
suppresses detrusor hyperrefl exia and cold-evoked refl exes in 
patients with neurogenic bladder dysfunction. (Adapted from de 
Groat WC, Kawatani M, Hisamitsu T, et al: Mechanisms underlying 
the recovery of urinary bladder function following spinal cord 
injury. J Auton Nerv Syst 30[Suppl]:S71, 1990.)
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excitatory transmitter in the micturition refl ex pathways in the 
brain.2,3 Administration of glutamatergic agonists into the region 
of the PMC in cats and rats elicits voiding or increased frequency 
and amplitude of bladder contractions,3,131,159,173 whereas injec-
tion of agonists at other brainstem nuclei known to have inhi-
bitory functions in micturition elicits inhibitory effects.159,173 
Intracerebroventricular injection of AMPA or NMDA receptor 
antagonists blocks refl ex bladder contractions in anesthetized 
rats, indicating that glutamatergic transmission in the brain is 
essential for voiding function.174

Substance P is a transmitter in central neurons and in primary 
afferent neurons innervating the lower urinary tract.31,41 Studies 
in various species (e.g., cats, rats, guinea pigs, mice) have shown 
that substance P or a related tachykinin released from primary 
afferent terminals and acting on NK1 receptors in the spinal cord 
has an excitatory role in the micturition refl ex pathways.175-179 
Substance P is thought to act by facilitating the action or enhanc-
ing the release of glutamic acid in the spinal cord. Intrathecal or 
intravenous administration of NK1 antagonists increased bladder 
capacity and decreased voiding frequency in animals with normal 
bladders and in animals with chemically irritated bladders or 
with neurogenic detrusor overactivity.175-179 NK2 receptors also 
appear to play a role in the generation of chemically induced 
bladder hyperactivity but not normal bladder activity.180 NK1 
receptors are upregulated in the spinal cord by chronic irritation 
of the bladder,180 and destruction of NK1 receptor–expressing 
neurons in the spinal cord of rats by the saporin toxin conjugated 
with an NK1 receptor agonist reduces the bladder hyperactivity 
elicited by intravesical infusion of capsaicin.181

Neuronal nitric oxide synthase has been identifi ed in afferent 
neurons innervating the bladder and in preganglionic neurons in 
the sacral parasympathetic nucleus.182-184 Stimulation of bladder 
afferent nerves with capsaicin releases nitric oxide, and chronic 
irritation of the bladder, as well as exposure to capsaicin, increases 
the expression of neuronal nitric oxide synthase in dorsal root 
ganglion cells.182,183 Bladder hyperactivity induced by intravesical 
irritants or capsaicin can be suppressed by intrathecal injection 
of nitric oxide synthase inhibitors, indicating that nitric oxide 
release in the spinal cord facilitates the micturition refl ex 
pathway.185-178

Injection of ATP or αβ-methylene ATP into the PMC or PAG 
of the rat increased bladder pressure and elicited a discharge in 
efferent axons in the pelvic nerve.173 The effects of the agonists 
were blocked by pretreatment with the purinergic receptor 
antagonist suramin, indicating that P2X receptors can mediate 
excitatory effects in the brainstem pathways underlying 
micturition.173

Inhibitory Transmitters

Several types of transmitters, including inhibitory amino acids 
(e.g., γ-aminobutyric acid [GABA], glycine) and opioid peptides 
(e.g., enkephalins) can inhibit the micturition refl ex when they 
are applied to the central nervous system.2,3,31 In anesthetized 
animals, GABA and enkephalins exert a tonic inhibitory control 
in the PMC and regulate bladder capacity. The inhibitory effects 
are mediated by GABAA and μ opioid receptors, respec-
tively.3,31,131,188-191 Administration of GABAA or opioid receptor 
antagonists into the PMC reduced the micturition volume 
threshold, indicating that the set point for refl ex voiding is regu-
lated by inhibitory mechanisms in the brain. The amino acids 

and enkephalins also have inhibitory actions in the spinal 
cord.188,189 GABA and glycine are co-released from inhibitory 
interneurons at synapses on preganglionic neurons.118 Glycine 
has also been identifi ed as a transmitter in inhibitory pathways 
to sphincter motoneurons.192 Baclofen, a GABAB agonist that 
mimics the inhibitory effect of GABA, has been used clinically by 
intrathecal administration in patients with hyperactive bladders 
to suppress bladder activity and promote urine storage.193

Transmitters with Mixed Excitatory and 
Inhibitory Actions

Some transmitters have inhibitory and excitatory effects, depend-
ing on the type of receptor activated. For example, dopaminergic 
pathways in the brain exert inhibitory or facilitatory effects on 
the micturition refl ex through D1-like (D1 and D5 receptor sub-
types) and D2-like (D2, D3, and D4 receptor subtypes) dopami-
nergic receptors, respectively.194-199 In anesthetized cats, activation 
of dopaminergic neurons in the substantia nigra inhibits refl ex 
bladder contractions through D1-like receptors. In awake rats, a 
D1-dopamine receptor antagonist (SCH 23390) facilitated the 
micturition refl ex, suggesting that D1-receptor–mediated sup-
pression of the bladder activity is tonically active in the normal, 
awake state.195,198 Activation of central D2-like dopaminergic 
receptors with quinpirole or bromocriptine facilitates the mictu-
rition refl ex pathway in rats, cats, and monkeys.195,197,198 D2-like 
receptor–mediated facilitation of the micturition refl ex may 
involve actions on brainstem and spinal cord because microinjec-
tion of dopamine to the PMC reduced bladder capacity and 
facilitated the micturition refl ex in cats,2 and intrathecal applica-
tion of quinpirole induced bladder hyperactivity in normal 
rats and rats with 6-hydroxydopamine–lesioned nigrostriatal 
pathways.199

The monoamines, 5-hydroxytryptamine (5-HT) and norepi-
nephrine, which are present in dense collections of nerve termi-
nals in the lumbosacral spinal autonomic nuclei and in the 
sphincter motor nucleus,3,200-202 have a complex role in the regula-
tion of lower urinary tract function. The 5-HT–containing ter-
minals are part of an extensive bulbospinal projection system that 
arises in the medullary raphe nuclei. Pharmacologic studies in 
animals indicate that this system may promote urine storage by 
exciting sympathetic and sphincter efferent pathways and by 
inhibiting parasympathetic excitatory outfl ow to the bladder.200 
Many receptors, including 5-HT1a, 5-HT2 and 5-HT3 receptors, 
are involved in these effects.200-205

Bulbospinal noradrenergic pathways acting by means of α-
adrenergic receptors exert excitatory and inhibitory infl uences on 
the lower urinary tract in the rat. Intrathecal administration of 
an α1-adrenergic receptor antagonist (doxazosin) decreased the 
amplitude of bladder contractions,205,206 an effect that was more 
prominent in animals with chronic outlet obstruction.205 Doxa-
zosin also suppressed small amplitude nonvoiding contractions 
in spontaneously hypertensive rats.207 However, doxazosin 
increased the frequency of isovolumetric contractions, indicating 
the presence of a tonic adrenergic inhibitory mechanism.205 
Intrathecal injection of the α1-agonist phenylephrine elicited 
facilitatory and inhibitory effects on micturition.208,209 Sphincter 
function is also modulated by the spinal noradrenergic pathways. 
Striated sphincter refl exes in cats, humans, and rats are inhibited 
by α2-adrenergic receptor agonists such as clonidine.210 Sympa-
thetic and somatic pathways to the lower urinary tract in cats are 
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suppressed by α1-adrenergic receptor antagonists such as prazo-
sin.211 These data indicate the existence of α1-adrenergic recep-
tor–mediated tonic facilitation of sphincter function and a 
putative α2-adrenergic receptor inhibitory mechanism in the 
spinal cord. Duloxetine, a serotonin-norepinephrine reuptake 
inhibitor that has been developed for the treatment of stress 
urinary incontinence, appears to act in part by enhancing sero-
tonergic and noradrenergic facilitatory control of motoneurons 
innervating the external urethral sphincter.212,213

Activation of cholinergic mechanisms in the rat central 
nervous system with nicotinic or muscarinic receptor agonists 
can modulate bladder activity. Nicotinic agonists administered 
intracerebroventricularly suppress voiding in awake or anesthe-
tized rats,214 whereas activation of muscarinic receptors in the 
brain or spinal cord with oxotremorine stimulates bladder activ-
ity during bladder fi lling but suppresses voluntary voiding.215-217 
Pirenzepine, an M1-selective blocking agent, antagonized the 
inhibitory effect of oxotremorine, indicating that inhibition is 
mediated by M1 receptors.218 Atropine blocked the inhibitory and 
excitatory effects of oxotremorine.215 Intracerebroventricular 
administration of atropine alone increased bladder capacity and 
reduced voiding effi ciency, indicating that muscarinic excitatory 
mechanisms in the brain are tonically active.

Intrathecal administration of various neuropeptides, includ-
ing VIP, PACAP, and CRF, can infl uence voiding function. 
VIP, which is contained in C-fi ber bladder afferent neurons,67 
inhibited bladder activity when administered intrathecally to 
normal cats but excited the bladder when administered to 
chronically spinal cord–injured cats.42 These fi ndings raised the 
possibility that changes in VIP synaptic mechanisms might 
contribute to the emergence of C-fi ber afferent–mediated 
micturition refl exes in the chronically spinal cord–injured cat 
(discussed later). PACAP, another member of the secretin/
glucagon/VIP peptide family, also facilitates the micturition 
refl ex by actions on the spinal cord.219 Patch-clamp studies 
revealed that PACAP has a direct excitatory action on parasym-
pathetic PGNs, in part due to blockade of K+ channels,220 and has 
an indirect action on PGNs mediated by activation of excitatory 
interneurons.

CRF is contained in neurons in the rat PMC and in axons 
projecting from the PMC to parasympathetic nucleus in the lum-
bosacral spinal cord.221 Initial studies revealed that intrathecal 
administration of exogenous CRF inhibited micturition and 
decreased the magnitude of bladder contractions induced by 
stimulation of the PMC.222,223 A CRF antagonist blocked the 
effects of CRF and enhanced the response to PMC stimulation, 
indicating that endogenous CRF is released by PMC stimulation 
and exerts an inhibitory effect on the descending limb of the 
micturition refl ex pathway.223 However, later studies have shown 
that low doses of CRF have an excitatory effect on micturition, 
suggesting that CRF also has a facilitatory role in the central 
control of voiding.224

ALTERATIONS IN BLADDER REFLEX PATHWAYS 
AFTER NEURAL INJURY OR DISEASE

Parkinson’s Disease

Degeneration of dopamine-containing neurons in patients 
with idiopathic Parkinson’s disease is often associated with 

detrusor overactivity.2,31 Animal models for Parkinson’s disease 
have been developed by administering neurotoxins (MPTP in 
monkeys196-197 and 6-hydroxy-dopamine in rats199) that destroy 
dopamine-containing neurons. Animals treated with the neuro-
toxins show motor symptoms typical of Parkinson’s disease, and 
they have hyperactive bladders. Pharmacologic studies in MPTP-
treated monkeys have revealed that bladder hyperactivity was 
caused by the loss of dopaminergic inhibition mediated by 
D1-dopaminergic receptors.196,197 The bladder hyperactivity was 
suppressed by stimulation of D1 receptors with SKF 38393 or 
pergolide.

Stroke

The transmitter mechanisms involved in bladder dysfunction 
after stroke have been studied in rats after permanent occlusion 
of the middle cerebral artery (MCAO) on one side.155,156,198,225 
MCAO produces a dramatic and persistent reduction in bladder 
capacity in conscious rats. NMDA-glutamatergic mechanisms 
play a role in this bladder dysfunction because the bladder hyper-
activity can be prevented by pretreatment with MK-801, an 
NMDA receptor antagonist, before MCAO or can be transiently 
reduced by MK-801 administered after MCAO.156,198 The bladder 
hyperactivity appears to occur in two phases that depend on 
activation of NMDA-glutamatergic receptors. An initiation phase 
that occurs at the time of infarction seems to function like long-
term potentiation to induce a persistent facilitation of micturi-
tion, the second phase. The maintained bladder overactivity after 
infarction is associated with changes in gene expression and RNA 
synthesis in the PMC induced by glutamatergic synaptic mecha-
nisms.226,227 D2 receptors are also involved in the bladder hyper-
activity induced by MCAO.156,198 D2-receptor antagonists do not 
alter voiding function in normal rats but suppress the detrusor 
overactivity after MCAO, indicating that D2-facilitatory mecha-
nisms are upregulated after cerebral infarction.

Spinal Cord Injury

Electrophysiologic studies in animals have shown that the mic-
turition refl ex pathways in neurally intact animals and in those 
with chronic spinal injuries are markedly different.42,43,136,137 The 
most prominent change occurs in the afferent limb of the mic-
turition refl ex, which in cats with chronic spinal injuries consists 
of unmyelinated (C-fi ber) axons.42,43 However, in cats with an 
intact spinal cord, myelinated (A) afferents activate the micturi-
tion refl ex (see Fig. 3-10).136,137 This change in the afferent limb 
was demonstrated by electrophysiologic recording and by admin-
istering capsaicin,42,43 a neurotoxin known to disrupt the function 
of C-fi ber afferents.41 In normal cats, capsaicin did not block 
refl ex contractions of the bladder or the A-fi ber–evoked bladder 
refl ex. However, in cats with chronic spinal injury, capsaicin 
completely blocked the rhythmic bladder contractions induced 
by bladder distention and the C-fi ber–evoked refl ex fi ring 
recorded on bladder postganglionic nerves.42,43

The emergence of the C-fi ber–evoked refl ex in animals with 
chronic spinal injuries is consistent with the emergence of other 
types of refl exes in paraplegic humans. For example, introduc-
tion of cold water into the bladder of paraplegic patients induces 
refl ex voiding.228,229 However, cold stimulation has no effect in 
normal patients. Studies in cats indicate that cold temperatures 
activate C-fi ber afferents (see Fig. 3-10).38 The positive cold 
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response in paraplegic humans may also refl ect emergence of 
C-fi ber–evoked bladder refl exes.

Mechanisms Involved in the Emergence of C-Fiber 
Afferent–Evoked Bladder Refl exes

The cold water test is positive in infants,230  patients with multiple 
sclerosis or Parkinson’s disease, and elderly patients with hyper-
active bladders.229 The presence of the cold refl ex in neonates, its 
disappearance with maturation of the nervous system, and its 
reemergence under conditions in which higher brain functions 
are disrupted suggests that it may refl ect a primitive involuntary 
voiding refl ex organized at the spinal level. Direct evidence 
of the contribution of C-fi ber bladder afferents to bladder 
hyperactivity and involuntary voiding has been obtained in 
clinical studies in which capsaicin or resiniferatoxin, C-fi ber 
afferent neurotoxins,231-233 were administered intravesically to 
multiple sclerosis patients with hyperrefl exic bladders.233,234 In 
these patients, capsaicin increased bladder capacity and reduced 
the frequency of incontinence. These observations suggest 
that capsaicin-sensitive C-fi ber bladder afferents may be involved 
in several pathologic conditions associated with bladder 
hyperactivity.

The emergence of C-fi ber bladder refl exes is probably medi-
ated by several mechanisms, including changes in central synap-
tic connections and alterations in the properties of the peripheral 
afferent receptors that lead to sensitization of the “silent” C fi bers 
and the unmasking of responses to mechanical stimuli.147,234,235 In 
rats, bladder afferent neurons undergo morphologic (i.e., neuro-
nal hypertrophy)236 and physiologic changes (i.e., upregulation 
of TTX-sensitive Na+ channels and downregulation of TTR-
resistant Na+ channels) after spinal cord injury.59 It has been 
speculated that this neuroplasticity is mediated by the actions of 
neurotrophic factors released within the spinal cord or the urinary 
bladder.234,235 Nerve growth factor (NGF) has been implicated as 
a chemical mediator of pathology-induced changes in C-fi ber 
afferent nerve excitability and refl ex bladder activity (see Fig. 
3-2). Chronic administration of NGF into the bladder of rats 
induced bladder hyperactivity and increased the fi ring frequency 
of dissociated bladder afferent neurons,237 and the production of 
neurotrophic factors, including NGF, increased in the bladder 
after spinal cord injury.238,239 Conversely, intrathecal application 
of NGF antibodies, which neutralized NGF in the spinal cord, 
suppressed detrusor hyperrefl exia and detrusor-sphincter dys-
synergia in spinal cord–injured rats.240,241 Intrathecal administra-
tion of NGF antibodies reportedly blocked autonomic dysrefl exia 
in paraplegic rats.242 NGF and its receptors represent new targets 
for the pharmacotherapy of voiding dysfunction after spinal cord 
injury.

Spinal cord injury alters the urothelium243,244 and efferent 
pathways245 in the bladder. Within 2 hours after spinal cord 

injury in rats, the apical cell layer of the urothelium is disrupted, 
and the urea and water permeability of the urothelial layer is 
increased. These changes were suppressed by a ganglionic block-
ing agent and therefore thought to be mediated by autonomic 
nerves.243 In chronically spinal cord–injured rats, the resting 
release of ATP from the urothelium measured in the bladder 
lumen was ninefold higher than in spinal cord–intact rats.244 
Release of ATP evoked by hypo-osmotic stimulation was also 
increased. Instillation of botulinum toxin A into the bladder 
lumen reduced the evoked but not the resting release of ATP. 
Botulinum toxin A also reduced the stretch-induced release of 
ATP from cultured urothelial cells.246 These data, coupled with 
the report that detrusor hyperactivity in the spinal cord–injured 
rat is reduced by a selective P2X2/3 purinergic receptor antago-
nist,247 indicate that enhanced purinergic signaling between the 
urothelium and afferent nerves contributes to neurogenic detru-
sor overactivity after spinal cord injury. The benefi cial effects of 
intravesical injections of botulinum toxin A in patients with neu-
rogenic bladder dysfunction248-249 may be mediated by effects on 
the urothelium and afferent nerves and by effects on the efferent 
pathways to the bladder smooth muscle.

In chronically spinal cord–injured rats, facilitation of acetyl-
choline and norepinephrine release by prejunctional muscarinic 
receptors occurs at lower frequencies, leading to an enhancement 
of neurally evoked smooth muscle contractions.245 It was con-
cluded that the hyperrefl exic bladder after spinal cord injury in 
part may refl ect modulation of presynaptic mechanisms at 
bladder postganglionic nerve terminals. The depressant effect of 
botulinum toxin A on acetylcholine and norepinephrine release 
in the lower urinary tract250 is likely to reverse this type of plastic-
ity and promote urine storage in patients with neurogenic bladder 
dysfunction. More detailed discussions of plasticity in bladder 
refl ex pathways after neural injury can be found in published 
reviews.147,239

CONCLUSIONS

The lower urinary tract has two main functions: storage and 
periodic elimination of urine. These functions are regulated by a 
complex neural control system located in the brain and spinal 
cord. This control system performs like a simple switching circuit 
to maintain a reciprocal relationship between the reservoir (i.e., 
bladder) and the outlet components (i.e., urethra and urethral 
sphincter) of the urinary tract. The switching circuit is modulated 
by several neurotransmitter systems and is therefore sensitive to 
a variety of drugs and neurologic diseases. A more complete 
understanding of the neurohumoral mechanisms involved in 
bladder and urethral control will no doubt facilitate the develop-
ment of new diagnostic methods and therapies for lower urinary 
tract dysfunction.
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Chapter 4

PHARMACOLOGIC BASIS OF BLADDER AND 
URETHRAL FUNCTION AND DYSFUNCTION
Karl-Erik Andersson

The main functions of the bladder and urethra are to collect and 
store urine at low intravesical pressure and to expel the urine at 
convenient times. This means that normal voiding is under vol-
untary control. Urinary continence and voiding depend on the 
bladder and the urethra working as a functional unit. This is 
achieved by a complex interplay between the central and periph-
eral nervous systems and local regulatory factors.1 Malfunction 
at various levels may result in micturition disorders, which 
roughly can be classifi ed as disturbances of storage or emptying. 
Failure to store urine may lead to various forms of incontinence; 
the most common forms are urgency and stress incontinence. 
There are gender differences in these types of bladder dysfunc-
tion, which may be related to differences in anatomy and struc-
ture of the lower urinary tract.

Because pharmacologic treatment of urinary incontinence 
(i.e., urgency and stress incontinence) and lower urinary tract 
symptoms is a main option, several drugs with different modes 
and sites of action have been tried.2-5 To optimize treatment, 
knowledge about the mechanisms of micturition and of the 
targets for treatment is necessary. This chapter reviews the normal 
autonomic control of the lower urinary tract and of the pharma-
cologic basis for some of the principles used for treatment of 
urinary incontinence and lower urinary tract symptoms.

AUTONOMIC RECEPTOR FUNCTIONS IN 
THE BLADDER

Contraction and relaxation of detrusor and urethral smooth 
muscle are mediated mainly through stimulation of autonomic 
receptors for the main transmitters, acetylcholine and noradren-
aline. However, the occurrence of nonadrenergic, noncholinergic 
(NANC) neurotransmission is well recognized, although, partic-
ularly in humans, its physiologic importance remains to be 
established.6

Muscarinic Receptors

Muscarinic receptors comprise fi ve subtypes, encoded by fi ve 
distinct genes.7 The fi ve gene products correspond to pharmaco-
logically defi ned receptors, and M1 through M5 are used to 
describe the molecular and pharmacologic subtypes. In the 
human bladder, the mRNAs for all muscarinic receptor subtypes 
have been demonstrated,8 with a predominance of mRNAs 
encoding M2 and M3 receptors.8,9 These receptors are functionally 
coupled to G proteins, but the signal transduction systems 
vary.10-12

Detrusor smooth muscle contains muscarinic receptors of 
mainly the M2 and M3 subtypes, with a predominance (70% to 

80%) of M2 receptors.10-13 The M3 receptors are the most impor-
tant for detrusor contraction. It is generally believed that M3 
receptors are coupled to release of inositol 1,4,5-triphosphate 
(IP3) and calcium release from the sarcoplasmic reticulum and 
that M2 receptors are linked to inhibition of adenylyl cyclase. This 
may not be the case in the detrusor.14 Jezior and colleagues15 sug-
gested that muscarinic receptor activation of detrusor muscle 
includes nonselective cation channels and activation of Rho 
kinase. Supporting a role of Rho kinase in the regulation of rat 
detrusor contraction and tone, Wibberley and coworkers16 found 
that Rho kinase inhibitors (e.g., Y-27632, HA 1077) inhibited 
contractions evoked by carbachol without affecting the contrac-
tion response to KCl. They also demonstrated high levels of Rho 
kinase isoforms (I and II) in the bladder. Schneider and associ-
ates13 concluded that carbachol-induced contraction of human 
urinary bladder is mediated by M3 receptors and largely depends 
on Ca2+ entry through nifedipine-sensitive channels and activa-
tion of the Rho kinase pathway. The main pathway for musca-
rinic receptor activation of the detrusor by means of M3 receptors 
may be calcium infl ux through L-type calcium channels and 
increased sensitivity to calcium of the contractile machinery pro-
duced by inhibition of myosin light chain phosphatase through 
activation of Rho kinase (Fig. 4-1).14

The functional role for the M2 receptors has not been clarifi ed, 
but it has been suggested that M2 receptors may oppose sympa-
thetically mediated smooth muscle relaxation, mediated by β- 
adrenergic receptors.17 M2-receptor stimulation may also activate 
nonspecifi c cation channels18 and inhibit KATP channels through 
activation of protein kinase C.19,20 In certain disease states, M2 
receptors may contribute to contraction of the bladder. In the 
denervated rat bladder, M2 receptors or a combination of M2 and 
M3 mediated contractile responses, and the two receptor types 
seemed to act in a facilitatory manner to mediate contraction.21-23 
In obstructed, hypertrophied rat bladders, there was an increase 
in total and M2 receptor density, whereas there was a reduction 
in M3 receptor density.24 The functional signifi cance of this 
change for voiding function has not been established. Pontari 
and colleagues25 analyzed bladder muscle specimens from patients 
with neurogenic bladder dysfunction to determine whether the 
muscarinic receptor subtype mediating contraction shifts from 
M3 to the M2 receptor subtype, as found in the denervated, hyper-
trophied rat bladder. They concluded that whereas normal detru-
sor contractions are mediated by the M3 receptor subtype, in 
patients with neurogenic bladder dysfunction, contractions also 
can be mediated by the M2 receptors.

Muscarinic receptors may also be located on the presynaptic 
nerve terminals and participate in the regulation of transmitter 
release. The inhibitory prejunctional muscarinic receptors have 
been classifi ed as M4 in the human bladder.26 Prejunctional facili-
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tatory muscarinic receptors appear to be the M1 subtype.27 The 
muscarinic facilitatory mechanism seems to be upregulated in 
overactive bladders from chronic spinal cord transected rats. 
Facilitation in these preparations is primarily mediated by M3 
receptors.27,28

Muscarinic receptors have been demonstrated on the urothe-
lium or suburothelium, but their functional importance has not 
been clarifi ed.12,29 It has been suggested that they may be involved 
in the release of an unknown inhibitory factor.12

It is well documented2,3 that antimuscarinic agents are effec-
tive for treatment of overactive bladder, which suggests that mus-
carinic receptors may be involved in its pathogenesis. Contraction 
of the bladder, whether voluntary or involuntary, involves stimu-
lation of the muscarinic receptors on the detrusor by acetylcho-
line released from activated cholinergic nerves. However, 
antimuscarinic agents at clinically recommended doses have little 
effect on voiding contractions and may act mainly during the 
bladder storage phase,30 during which there is normally no para-
sympathetic outfl ow from the spinal cord.31 Supporting this, 
antimuscarinic agents have been shown to reduce bladder tone 
during storage and to increase cystometric bladder capacity. A 
basal release of acetylcholine from non-neuronal (urothelial) and 
neuronal sources has been demonstrated in isolated human 
detrusor muscle.32 It has been suggested that this release, which 
is increased by stretching the muscle and in the aging bladder, 
contributes to detrusor overactivity and overactive bladder by 
eventually increasing bladder afferent activity during storage.33 
This may occur because of a direct effect on suburothelial affer-
ents or stimulation of contraction of detrusor muscle cells, which 
already have an increased myogenic activity in the overactive 
detrusor.34 Enhanced myogenic contractions can generate an 
enhanced afferent signal, contributing to urge or initiation of the 
micturition refl ex.

Alpha-Adrenoceptors

α-Adrenoceptors may have effects on different locations in the 
bladder: the detrusor smooth muscle, the detrusor vasculature, 
the afferent and efferent nerve terminal, and intramural ganglia. 
The importance of the α1-adrenoceptors in the human detrusor 
in the generation of lower urinary tract symptoms has not been 
established. Most investigators agree on that there is a low-level 
expression of these receptors.35,36 In studies of the human detru-
sor, Malloy and coworkers36 found that two thirds of the α-
adrenoceptor mRNAs expressed were α1D, there was no α1B, and 
one third was α1A. In the rat detrusor, the α1-adrenoceptor dis-
tribution was different: the α1A-adrenoceptor was the predomi-
nant form, one third was the α1D-adrenoceptor, and there was 
very little of the α1B-adrenoceptor form. This was consistent in 
the different parts of the detrusor.37

A change of subtype distribution may be produced by outfl ow 
obstruction. Hampel and associates37 reported that there was a 
change in the obstructed bladder from α1A-adrenoceptor to α1D-
adrenoceptor mRNA predominance. In humans, there is an α1D-
adrenoceptor predominance in the normal detrusor, which 
means that a change in a similar direction, as in the rat, would 
be of minor importance provided that the number of receptors 
did not increase. Studies by Nomiya and colleagues38 confi rmed 
the low-level expression of α-adrenoceptor mRNA in normal 
human detrusor, and they further demonstrated that there 
was no upregulation of any of the adrenergic receptors with 
obstruction. In functional experiments, they found a small 
response to phenylephrine at high drug concentrations with no 
difference between normal and obstructed bladders. In the 
obstructed human bladder, there seems to be no evidence for α-
adrenoceptor upregulation or change in subtype. This fi nding 
was challenged by Bouchelouche and coworkers,39 who found an 
increased response to α1-adrenoceptor stimulation in obstructed 
bladders. Whether this would mean that the α1D-adrenoceptors 
in the detrusor muscle are responsible for detrusor overactivity 
or overactive bladder is unclear. Based on available evidence, 
however, it does not seem likely that in the detrusor muscle these 
receptors should be an important treatment target, although 
α1D-adrenoceptors located elsewhere in the bladder may be 
important.

In the bladder, the function of the detrusor muscle depends 
on the vasculature and on perfusion. Hypoxia induced by partial 
outlet obstruction is believed to play a major role in the hyper-
trophic and degenerative effects of partial outlet obstruction. Das 
and associates40 investigated in rats whether doxazosin affected 
blood fl ow to the bladder and reduced the level of bladder dys-
function induced by partial outlet obstruction. They found that 
4 weeks of treatment with doxazosin increased bladder blood 
fl ow in control and obstructed rats. Doxazosin treatment also 
reduced the severity of the detrusor response to partial outlet 
obstruction. Doxazosin may reduce the increase in bladder 
weight in obstructed animals, which may be one of the mecha-
nisms that contributes to a positive effect on detrusor overactivity 
caused by the obstruction.

Beta-Adrenoceptors

In the human detrusor, the most important β-adrenoceptor for 
bladder relaxation is the β3-adrenoceptor.41 This partly explains 
why the clinical effects of selective β2-adrenoceptor agonists in 

Figure 4-1 Transmitter signal pathways involved in activation of 
detrusor contraction by means of muscarinic M3 receptors. ACh, 
acetylcholine; CIC, calcium-induced calcium release; DAG, 
diacylglycerol; IP3, inositol 1,4,5-triphosphate; MLC, myosin light 
chain; PLC, phospholipase C; PKC, protein kinase C; RhoA, protein 
encoded by RAS homolog gene family member A; SR, sarcoplasmic 
reticulum. There seem to be differences between species in the 
contribution of the different pathways in contractile activation. In 
the human detrusor, Ca2+ infl ux is of major importance.
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detrusor overactivity have been controversial and largely incon-
clusive.2,3 However, the β2-adrenoceptor agonist clenbuterol 
inhibited electrically evoked contractions in human “unstable” 
but not normal bladder,42 which is in agreement with previous 
experiences in patients, suggesting that clenbuterol and other 
β2-adrenoceptor agonists such as terbutaline may inhibit detru-
sor overactivity.43,44

The β3-adrenoceptor seems to be an interesting target for 
drugs aimed for treatment of overactive bladder. Selective β3-
adrenoceptor agonists have relaxant effects on detrusor muscle 
in vitro and have been effective in animal models of detrusor 
overactivity.45-47 However, no proof of concept studies seems to 
have been performed in humans showing that this is an effective 
principle to treat overactive bladder.

Purinergic Receptors

In most animal species, bladder contraction induced by stimula-
tion of nerves consists of an atropine-sensitive component and a 
component mediated by NANC mechanisms.48 NANC-mediated 
contractions have been reported to occur in normal human 
detrusor,48 even if not representing more than a few percent of 
the total contraction in response to nerve stimulation. However, 
a signifi cant degree of NANC-mediated contraction may exist in 
morphologically or functionally changed human bladders, and it 
has been reported to occur in several disorders associated with 
lower urinary tract symptoms, such as bladder hypertrophy,49-51 
idiopathic detrusor overactivity,51,52 interstitial cystitis,53 and neu-
rogenic damage54 and in the aging bladder.55 In these disorders, 
the NANC component of the nerve-induced response may 
be responsible for up to 40% to 50% of the total bladder 
contraction.

There is good evidence that the transmitter responsible for the 
NANC component is adenosine triphosphate (ATP)56 acting on 
P2X receptors found in the detrusor smooth muscle membranes 
of rats57 and humans.58 The P2X1receptor subtype predominated 
in both species. Changes in P2X receptor subtypes in bladders 
from patients with idiopathic detrusor overactivity have been 
reported.52,59 O’Reilly and colleagues52 were unable to detect a 
purinergic component of nerve-mediated contractions in control 
(normal) bladder preparations, but they found a signifi cant com-
ponent in overactive bladder specimens, in which the purinergic 
component was approximately 50%. They concluded that this 
abnormal purinergic transmission in the bladder might explain 
symptoms in these patients. ATP was a more potent contractile 
agonist in bladder preparations from patients with overactive and 
obstructive bladders than in specimens from normal bladders,60 
a fi nding that was suggested to contribute to detrusor over-
activity.

O’Reilly and coworkers61 confi rmed that the P2X1 receptor 
was the predominant purinoceptor subtype in the human male 
bladder. They also found that the amount of P2X1 receptor per 
smooth muscle cell was greater in the obstructed than in control 
bladders. This suggests an increase in purinergic function in the 
overactive bladder arising from bladder outlet obstruction.

It has not been established whether abnormalities in the puri-
nergic transmission in the bladder can explain overactive bladder 
symptoms in idiopathic detrusor overactivity in women and in 
men with bladder outlet obstruction. If this is the case, abnormal 
purinergic activation of the detrusor may explain why antimus-
carinic treatment fails in a number of patients.

Vanilloid Receptors

Appropriate bladder function depends on an intact afferent sig-
naling from the bladder to the central nervous system. This sig-
naling conveys information about bladder fi lling and the status 
of the tissue (e.g., presence of infectious agents). The afferent 
nerves consist of small, slowly conducting, myelinated Aδ fi bers 
and slowly conducting, unmyelinated C fi bers. The former are 
excited by mechanoreceptors and convey information about 
bladder fi lling, whereas C fi bers mediate painful sensations rec-
ognized by chemoreceptors. By means of capsaicin, a subpopula-
tion of primary afferent neurons innervating the bladder and 
urethra (i.e., capsaicin-sensitive nerves) has been identifi ed. It is 
believed that capsaicin exerts its effects by acting on specifi c 
vanilloid receptors on these nerves.62 Capsaicin exerts a biphasic 
effect; initial excitation is followed by a long-lasting blockade, 
which renders sensitive primary afferents (C fi bers) resistant to 
activation by natural stimuli. In suffi ciently high concentrations, 
capsaicin is believed to cause desensitization, initially by releasing 
and emptying the stores of neuropeptides and then by blocking 
further release.63 Resiniferatoxin, an analogue of capsaicin, is 
approximately 1000 times more potent for desensitization than 
capsaicin,64 but it is only a few hundred times more potent for 
excitation.65 Capsaicin and resiniferatoxin also may have effects 
on Aδ fi bers. It is also possible that capsaicin at high concentra-
tions (mM) has additional, nonspecifi c effects.66

Capsaicin and resiniferatoxin have been used successfully to 
treat bladder function disturbances.2,3 They are known to bind to 
the TRPV1 (VR1) receptor, a nonselective cation channel, on the 
peripheral terminals of nociceptive neurons, but the role of vanil-
loid receptors in normal bladder function and in the pathogenesis 
in detrusor overactivity and autonomic dysrefl exia has not been 
established.

Birder and associates67 investigated bladder function in con-
scious mice lacking the TRPV1 receptor. TRPV1 receptor–knock-
out mice seem to have increased voiding frequency compared 
with wild-type mice. The TRPV1 knockouts also had an increased 
frequency of nonvoiding bladder contractions. In vitro, stretch-
induced ATP release was decreased in bladders from TRPV1-
knockout mice, and hypo-osmolality-induced ATP released from 
cultured urothelial cells was reduced.67 The investigators sug-
gested that TRPV1 receptors participate in normal bladder func-
tion, are essential for normal mechanically evoked purinergic 
signaling by the urothelium, and are involved in ATP release. 
Experimental and clinical evidence that capsaicin-sensitive affer-
ents may be involved also in idiopathic detrusor overactivity has 
been presented.68,69

ION CHANNELS

In the detrusor, the two most thoroughly investigated classes of 
ion channels are calcium channels and potassium channels.6

Calcium Channels

Calcium is a key component for cell function in many cells. In 
smooth muscle, increased intracellular calcium concentrations 
activate the contractile mechanisms, and in nerve terminals, 
calcium infl ux in response to action potentials is an important 
mechanism for neurotransmitter release. Calcium channels can 
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be divided into at least four different subtypes: L, N, P, and Q 
channels. The calcium channels present in smooth muscles are 
L-type (dihydropyridine-sensitive) calcium channels and seem to 
be involved in contraction of the human bladder irrespective of 
the mode of activation.70 A decrease of the membrane potential 
(i.e., depolarization) increases the open probability for calcium 
channels, thereby increasing the calcium infl ux. The channels 
depend on the membrane potential and are called voltage-
operated calcium channels. Elevated intracellular calcium levels 
are also believed to initiate release of calcium from intracellular 
stores—calcium-induced calcium release.71,72 Regulation of the 
intracellular calcium concentration in smooth muscle cells is a 
conceivable way to modulate bladder contraction. Dihydropyri-
dines (e.g., nifedipine) have a potent inhibitory effect on isolated 
detrusor muscle. Inhibitory effects have also been demonstrated 
on experimentally induced contractions under in vivo conditions 
in rats and clinically in patients with detrusor overactivity.48 
However, therapeutically, there is no evidence that calcium 
antagonists have any useful effects in the treatment of overactive 
bladder or detrusor overactivity.2,3

Potassium Channels

Potassium channels represent another mechanism for modulat-
ing the excitability of smooth muscle cells. Under normal condi-
tions, the resting membrane potential in smooth muscle cells is 
determined predominantly by the membrane conductivity for 
potassium ions. Increased potassium conductivity lowers the 
membrane potential by increasing the potassium effl ux. This 
increases the threshold for opening of voltage-operated calcium 
channels and initiation of contraction. There are several different 
types of K+ channels, and at least two subtypes have been found 
in the human detrusor, ATP-sensitive K+ channels (KATP) and 
large-conductance calcium-activated K+ channels (BKCa). Studies 
on isolated human detrusor muscle and on bladder tissue from 
several animal species have demonstrated that K+-channel 
openers reduce spontaneous contractions and contractions 
induced by carbachol and electrical stimulation.6 However, the 
lack of selectivity of the available K+-channel openers for the 
bladder versus the vasculature has limited the use of these drugs. 
No effects of cromakalim or pinacidil on the bladder were found 
in studies on patients with spinal cord lesions or detrusor over-
activity secondary to outfl ow obstruction.73,74 Some new K+-
channel openers have been developed and claimed to have 
selectivity for the bladder.6 However, there is no evidence that 
K+-channels openers are an option for treatment of overactive 
bladder or detrusor overactivity.2,3

AFFERENT SIGNALING FROM THE UROTHELIUM 
OR SUBUROTHELIUM

Evidence suggests that the urothelium or suburothelium may 
serve as a mechanosensor that, by producing nitric oxide, ATP, 
and other mediators, can control the activity in afferent nerves 
and thereby the initiation of the micturition refl ex.75 Low pH, 
high K+ concentration, increased osmolality, and low tempera-
tures can infl uence afferent nerves, possibly through effects on 
the vanilloid receptor (i.e., capsaicin-gated ion channel [TRPV1]), 
which is expressed in afferent nerve terminals and in the epithe-
lial cells that line the bladder lumen.67,76 A network of interstitial 
cells, extensively linked by connexin43 (Cx43)–containing gap 

junctions, was found to be located beneath the urothelium in the 
human bladder by Sui and colleagues77,78 This interstitial cellular 
network was suggested to operate as a functional syncytium, 
integrating signals and responses in the bladder wall. The fi ring 
of suburothelial afferent nerves, conveying sensations and regu-
lating the threshold for bladder activation, may be modifi ed by 
inhibitory (e.g., nitric oxide) and stimulatory (e.g., ATP, tachy-
kinins, prostanoids) mediators. ATP, generated by the urothe-
lium, has been suggested as an important mediator of urothelial 
signaling.56,75 Supporting such a view, intravesical ATP induces 
detrusor overactivity in conscious rats.79 Mice lacking the P2X3 
receptor were shown to have hypoactive bladders.80,81

There seem to be other, unidentifi ed factors in the urothelium 
that may infl uence bladder function.82-89 Fovaeus and coworkers85 
found that a previously unrecognized nonadrenergic, non-
nitrergic, nonprostanoid inhibitory mediator is released from the 
rat urinary bladder by muscarinic receptor stimulation. However, 
it was not clear whether this factor came from the detrusor 
muscle or from the detrusor and the urothelium. Hawthorn and 
associates86 presented data suggesting the presence of a diffusible, 
urothelium-derived inhibitory factor, which could not be identi-
fi ed but appeared to be neither nitric oxide, a cyclooxygenase 
product, a catecholamine, adenosine, γ-aminobutyric acid 
(GABA), nor any substance sensitive to apamin. The identity and 
possible physiologic role of the unknown factors remain to be 
established and should offer an interesting fi eld for further 
research. These mechanisms can be involved in the pathophysi-
ology of overactive bladder and may be useful targets for phar-
macologic intervention.

URETHRAL FUNCTION AND STRESS 
URINARY INCONTINENCE

Many factors are involved in the pathogenesis of stress urinary 
incontinence (SUI). Some, such as weak urethral support, vaginal 
prolapse, and severe vesical neck or urethral dysfunction,90 cannot 
be treated pharmacologically. Women with SUI have lower rest-
ing urethral pressures than age-matched, continent women,91,92 
and the aim of treatment often is to increase intraurethral 
pressure.

Factors that may contribute to urethral closure include ure-
thral smooth and striated muscle tone and the passive properties 
of the urethral lamina propria, in particular the vascular suburo-
thelial layer. The relative contribution to intraurethral pressure 
of these factors remains a subject of debate. In one study, the 
contributions to the total intraurethral pressure of the striated 
muscle component in the urethra and pelvic fl oor, the urethral 
vascular bed, and the smooth musculature and connective tissues 
in urethra and periurethral tissues were found to be one third 
each.93

Many factors have been suggested to contribute to urethral 
relaxation and to urethral closure, including urethral smooth 
muscle tone and the properties of the urethral lamina propria. 
There is ample pharmacologic evidence that a substantial part 
of urethral tone is mediated through stimulation of α-
adrenoceptors in the urethral smooth muscle by released nor-
adrenaline.48 Nitric oxide has emerged as an important mediator 
of urethral smooth muscle relaxation, but the roles of other 
transmitters cannot be excluded.94-96 However, central nervous 
control of the smooth and striated urethral muscle is important 
for the maintenance of continence.97-99 The nucleus Onuf is the 
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spinal target of reuptake inhibitors of serotonin (5-hydroxytryp-
tamine) and noradrenaline, which may increase the tone of the 
striated sphincter (Fig. 4-2).

Innervation

The urethra of males and females receives sympathetic (adrener-
gic), parasympathetic (cholinergic), and sensory innervation. 
The pelvic nerve conveys parasympathetic fi bers to the urethra, 
and activity in these fi bers results in an inhibitory effect on ure-
thral smooth muscle, which relaxes the outfl ow region. Most of 
the sympathetic innervation of the bladder and urethra originates 
from the intermediolateral nuclei in the thoracolumbar region 
(T10 to L2) of the spinal cord. The axons travel through the 
inferior mesenteric ganglia and the hypogastric nerve or pass 
through the paravertebral chain and enter the pelvic nerve. Sym-
pathetic signals are conveyed in the hypogastric and the pelvic 
nerves.100

Adrenergic and cholinergic nerves contain transmitters and 
transmitter-generating enzymes other than noradrenaline and 
acetylcholine. These agents, some of which have not been identi-
fi ed, are responsible for the NANC efferent neurotransmission, 
which can be demonstrated in urethral smooth muscle (discussed 
later).

Most of the sensory innervation of the urethra reaches the 
spinal cord through the pelvic nerve and dorsal root ganglia. 
Some afferents travel in the hypogastric nerve. The sensory nerves 
of the striated muscle in the rhabdosphincter travel in the puden-
dal nerve to the sacral region of the spinal cord.100 These sensory 
nerves are usually identifi ed by their content of peptides such as 
calcitonin gene–related peptide and tachykinins.

Adrenergic Nerves

There are well-known anatomic differences between the male 
and female urethra, which are refl ected in the innervation. In the 

human male, the smooth muscle surrounding the preprostatic 
part of the urethra is richly innervated by cholinergic and adren-
ergic nerves.101 This part is believed to serve as a sexual sphincter, 
contracting during ejaculation and preventing retrograde trans-
port of sperm. The role of this structure in maintaining conti-
nence is unclear, but it probably is not essential.

In the human female, there is no anatomic urethral smooth 
muscle sphincter, and the muscle bundles run obliquely or lon-
gitudinally along the length of the urethra. In the whole human 
female urethra and in the human male urethra below the prepro-
static part, there is a scarce supply of adrenergic nerves.101,102 Fine 
varicose terminals can be seen running longitudinally and trans-
versely along the bundles of smooth muscle cells. Adrenergic 
terminals can also be found around blood vessels. Colocalization 
studies in animals have revealed that adrenergic nerves, identifi ed 
by immunohistochemistry (i.e., using tyrosine hydroxylase), also 
contain neuropeptide Y.103 Chemical sympathectomy (i.e., using 
6-OH-dopamine) in rats resulted in a complete disappearance of 
tyrosine hydroxylase–immunoreactive nerves, whereas nitric 
oxide synthase (NOS)–containing nerve fi bers did not appear to 
be affected by the treatment.104 This result suggests that NOS is 
not contained within adrenergic nerves.

Cholinergic Nerves

Urethral smooth muscle receives a rich cholinergic innervation. 
Most probably, the cholinergic nerves cause relaxation of the 
outfl ow region at the start of micturition by releasing nitric oxide 
and other relaxant transmitters, but otherwise, their functional 
role is largely unknown. The cholinergic nerves of the bladder 
produce detrusor contraction, and disturbances in the coordina-
tion of the contractant effects on the bladder and the relaxation 
of the outfl ow region may lead to the detrusor-sphincter dys-
synergia, often seen in suprasacral spinal cord injuries.

In the pig urethra, colocalization studies revealed that acetyl-
choline esterase–positive and some NOS-immunoreactive nerves 
had profi les that were similar. These nerves also contained neu-
ropeptide Y and vasoactive intestinal polypeptide (VIP) immu-
noreactivity. NOS-containing nerves were present in a density 
lower than that of the acetylcholine esterase–positive nerves but 
higher than the density of any peptidergic nerves.105 Coexistence 
of acetylcholine and NOS was also demonstrated in the rat major 
pelvic ganglion.106 In the rat urethra, colocalization studies con-
fi rmed that NOS and VIP are contained within a population 
of cholinergic nerves. The distribution of immunoreactivities 
to neuronal NOS, heme oxygenases, and VIP was assessed by 
Werkström and colleagues.107 Heme oxygenase-2 immunoreac-
tivity was found in all nerve cell bodies of intramural ganglia, 
localized between smooth muscle bundles in the detrusor, bladder 
base, and proximal urethra. About 70% of the ganglionic cell 
bodies were also NOS immunoreactive, whereas a minor amount 
was VIP immunoreactive.

AUTONOMIC RECEPTOR FUNCTIONS

Alpha-Adrenoceptors

In males, up to about 50% of the intraurethral pressure is main-
tained by stimulation of α-adrenoceptors, as judged from results 
obtained with α-adrenoceptor antagonists and epidural anes-
thesia in urodynamic studies.108,109 In human urethral smooth 

Figure 4-2 The striated urethral sphincter is innervated by the 
pudendal nerve, which contains the axons of motor neurons whose 
cell bodies are located in Onuf’s nucleus. Glutamate exerts tonic 
excitatory effects on these motor neurons, and this effect is 
enhanced by noradrenaline (NA) and serotonin (5-HT), acting on 
α1-adrenoceptors and 5-HT2 receptors, respectively. By inhibition of 
the reuptake of noradrenaline and serotonin, the contractile activity 
in the striated sphincter can be increased. ACh, acetylcholine; DC, 
dorsal commissure; DH, dorsal horn; LF, lateral funiculus; + Nic, 
nicotinic receptors; VH, ventral horn.
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muscle, functional and receptor binding studies have suggested 
that the α1-adrenoceptor subtype is the predominating postjunc-
tional α-adrenoceptor.48,110 Most in vitro investigations of human 
urethral α-adrenoceptors have been carried out in the male, and 
the results support the existence of a sphincter structure in the 
male proximal urethra, which cannot be found in the female. 
Other marked differences between sexes in the distribution of 
α1- and α2-adrenoceptors (as can be found in animals such as 
rabbits) or in the distribution of α1-adrenoceptor subtypes do 
not seem to occur.111 Taki and coworkers112 separated the entire 
length of the isolated female human urethra into seven parts, 
from the external meatus to the bladder neck, and examined 
regional differences in contractile responses to various agents, 
including noradrenaline (α1 and α2) and clonidine (α2). 
Noradrenaline, but not clonidine, produced concentration-
dependent contractions in all parts, with a peak response in the 
middle to proximal urethra. They found a similarity in patterns 
between noradrenaline-induced contraction and the urethral 
pressure profi le in the human urethra.

Among the three high-affi nity α1-adrenoceptor subtypes 
identifi ed in molecular cloning and functional studies (α1A, α1B, 
α1D), α1A seems to predominate in the human lower urinary tract. 
However, the receptor with low affi nity for prazosin (α1L-
adrenoceptor), which has not been cloned and may represent a 
functional phenotype of the α1A-adrenoceptor,113 was found to 
be prominent in the human male urethra.114 In the human female 
urethra, the expression and distribution of α1-adrenoceptor sub-
types were determined by in situ hybridization and quantitative 
autoradiography. mRNA for the α1A-adrenoceptor subtype was 
predominant, and autoradiography confi rmed the predominance 
of the α1A-adrenoceptor.

The studies previously cited suggest that the sympathetic 
innervation helps to maintain urethral smooth muscle tone 
through α1-adrenoceptor receptor stimulation. If urethral 
α1-adrenoceptors are contributing to the lower urinary tract 
symptoms, which can occur also in women,115-117 an effect of 
α1-adrenoceptor antagonists should be expected in women with 
these symptoms. This was found to be the case in some studies, 
but it was not confi rmed in a randomized, placebo-controlled 
pilot study,118 which showed that terazosin was not effective for 
the treatment of prostatism-like symptoms in aging women.

Urethral α2-adrenoceptors are able to control the release of 
noradrenaline from adrenergic nerves, as shown in in vitro 
studies.48 In the rabbit urethra incubated with [3H]noradrenaline, 
electrical stimulation of nerves caused a release of [3H], which 
was decreased by noradrenaline and clonidine and increased by 
the α2-adrenoceptor antagonist rauwolscine. Clonidine was 
shown to reduce intraurethral pressure in humans,119 an effect 
that may be attributed partly to a peripheral effect on adrenergic 
nerve terminals. More likely, this effect was exerted on the central 
nervous system, with a resulting decrease in peripheral sympa-
thetic nervous activity. The subtype of prejunctional α2-
adrenoceptor involved in [3H]noradrenaline secretion in the 
isolated guinea pig urethra was suggested to be of the α2A-
adrenoreceptor subtype.120

Beta-Adrenoceptors

Both α- and β-adrenoceptors can be demonstrated in isolated 
urethral smooth muscle from animals and humans.48 In humans, 
the β-adrenoceptors in the bladder neck were suggested to be of 
the β2-adrenoceptor subtype, as shown by receptor binding 

studies using subtype-selective antagonists.121 However, the pre-
dominating β-adrenoceptor in the human bladder seems to be 
the β3-adrenoceptor subtype,122-124 and in the striated urethral 
sphincter, β3-adrenoceptors can be found.125 The role of this 
subtype in urethral function does not seem to have been 
explored.

Muscarinic Receptors

The number of muscarinic receptor binding sites in the rabbit 
urethra was lower than in the bladder.126 Muscarinic receptor 
agonists contract isolated urethral smooth muscle from several 
species, including humans, but these responses seem to be medi-
ated mainly by the longitudinal muscle layer.48 Taki and associ-
ates,112 investigating the whole length of the female human 
urethra, found that acetylcholine contracted only the proximal 
part and the bladder neck. If this contractile activation is exerted 
in the longitudinal direction, it should be expected that the 
urethra is shortened and that the urethral pressure decreases. 
Experimentally, in vitro resistance to fl ow in the urethra was 
increased only by high concentrations of acetylcholine.127,128 In 
humans, tolerable doses of the muscarinic receptor agonist 
bethanechol129 and the muscarinic receptor antagonist emeprone130 
had little effect on intraurethral pressure.

Prejunctional muscarinic receptors may infl uence the release 
of noradrenaline and acetylcholine in the bladder neck and 
urethra. In urethral tissue from rabbits and humans, carbachol 
decreased and scopolamine increased in a concentration-
dependent manner the release of [3H]noradrenaline from adren-
ergic terminals and of [3H]choline from cholinergic nerve 
terminals.131 This means that released acetylcholine can inhibit 
noradrenaline release, thereby decreasing urethral tone and 
intraurethral pressure. The muscarinic receptor subtypes involved 
in contractile effects on smooth muscle or controlling transmitter 
release in the urethra have not been established. This may have 
clinical ramifi cations, because subtype-selective antimuscarinic 
drugs (M3) have been introduced as a treatment for detrusor 
overactivity.

NONADRENERGIC, NONCHOLINERGIC 
RELAXANT MECHANISMS

The normal pattern of voiding in humans is characterized by 
an initial drop in urethral pressure, followed by an increase in 
intravesical pressure.48,132 The mechanism of this relaxant effect 
has not been established, but several factors may contribute. 
One possibility is that the fall in intraurethral pressure is caused 
by stimulation of muscarinic receptors on noradrenergic nerves, 
diminishing noradrenaline release and thereby tone in the proxi-
mal urethra. Another is that contraction of longitudinal urethral 
smooth muscle in the proximal urethra, produced by released 
acetylcholine, causes shortening and widening of the urethra, 
with a concomitant decrease in intraurethral pressure. A third 
possibility is that a NANC mechanism mediates this response.48

Nitric Oxide

Nitric oxide is an important inhibitory neurotransmitter in 
the lower urinary tract.133,134 Nitric oxide–mediated responses in 
smooth muscle preparations are most often linked to an increase 
in cyclic guanine monophosphate (cGMP) formation. This has 
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been demonstrated in the rabbit urethra.135-137 The cGMP ana-
logue 8-Br-cGMP was able to induce relaxation of rabbit urethra, 
further supporting the view of cGMP as a mediator of relaxation 
in this tissue. cGMP-dependent protein kinase (cGK) phosphor-
ylates KCa channels and increases their open probability, leading 
to hyperpolarization.138 cGMP may affect sequestering of intra-
cellular Ca2+, stimulate Ca2+ extrusion pumps, and decrease the 
sensitivity of the contractile proteins to Ca2+.139 The latter may 
occur without changing the membrane potential. In this way, 
cGMP may be able to induce relaxation in different ways in dif-
ferent tissues. The role of nitric oxide for urethral relaxation was 
further investigated in mice lacking cGK type I.140 In urethral 
preparations of cGKI+/+ mice, electrical fi eld stimulation elicited 
frequency-dependent relaxations. The relaxations were abolished 
by the NOS inhibitor l-NOARG, and instead, a contractile 
response to stimulation was generally found (Fig. 4-3). In cGKI−/− 
urethral strips, the response to electrical fi eld stimulation was 
practically abolished, but a small relaxation generally appeared at 
high stimulation frequencies (16 to 32 Hz). This relaxant response 
was not inhibited by l-NOARG, suggesting the occurrence of 
additional relaxant transmitters.

The rich occurrence of NOS-immunoreactive nerve fi bers 
supports the current view of nitric oxide as the main inhibitory 
NANC mediator in rabbit urethra.133 Waldeck and colleagues141 
demonstrated spindle-shaped cyclic GMP-immunoreactive cells, 
distinct from the smooth muscle cells, forming a network around 
and between the smooth muscle bundles. These results confi rmed 
the fi ndings of Smet and coworkers, 142 who found similar cyclic 
GMP-immunoreactive cells in the guinea pig and human bladder 
and urethra. The function of these interstitial cells has not been 
established, but they have been suggested to be pacemaker cells 
involved in the regulation of urethral tone.143-145 Based on results 
obtained in freshly dispersed rabbit urethral interstitial cells, 
Sergeant and associates145 suggested that in the urethra, stimula-
tion of α1-adrenoceptors releases Ca2+ from an IP3-sensitive store. 
This produces a Ca2+-activated Cl− current, which elevates the 
slow-wave frequency in the cells. This may underlie the mecha-
nism responsible for increased urethral tone during nerve 
stimulation.

Other Nonadrenergic, Noncholinergic Transmitters 
or Modulators

Additional systems involving ATP, carbon monoxide, and other, 
unknown mediators have been observed in the urethra. Other 
agents shown to infl uence urethral function include neuropep-
tides, prostanoids, and serotonin.1 Neuropeptides such as VIP, 
neuropeptide Y, and endothelins have been suggested to be 
involved in contraction and relaxation of urethral smooth muscle 
and, as in the bladder, in afferent signaling, but to a large extent, 
their functional roles remain to be established.1

EFFECTS OF SEX HORMONES ON 
THE LOWER URINARY TRACT

Estrogen and Progesterone

Lower urinary tract innervation, receptor density and distribu-
tion, and contractile function may change signifi cantly during 
periods of marked changes in female hormone levels, such as 
puberty, pregnancy, and menopause.48 The lower urinary tract in 
animals and humans expresses estrogen receptors.146,147 However, 
in human bladders, estrogen receptors were found only in squa-
mous epithelia (i.e., trigone and proximal and distal urethra). 
No estrogen receptors were found in transitional urothelium 
or detrusor muscle, and there was no variation with estrogen 
status.146 In the urethra, the expression is greater, but it is still 
inconsistent.146 In animals, estrogen-α and estrogen-β receptors 
have been demonstrated in the epithelium, detrusor muscle, and 
rhabdosphincter, but many of the rapid estrogen-induced changes 
have been postulated not to be receptor mediated.147

The effects of estrogen on lower urinary tract structure 
and function and on the autonomic nervous control have been 
examined in many animal studies,48,148-153 often with confl icting 
results. In particular, there has been disagreement on how estro-
gens affect muscarinic receptor functions. Levin and colleagues154 
found that estrogen treatment (i.e., estradiol) of immature female 
rabbits induced a marked increase in the detrusor response to 
stimulation of α-adrenoceptors and muscarinic receptors and to 
ATP, and they found that in the bladder body and midsection, 
there was a signifi cant increase in the number of α-adrenoceptors 
and muscarinic receptors. Shapiro155 reported that treatment of 
mature female rabbits with estradiol led to a signifi cant decrease 
in muscarinic receptor density. This observation was confi rmed 
by Batra and Andersson, who found that the decrease in musca-
rinic receptor number had little effect on the responses to carba-
chol and electrical stimulation.156 Elliott and coworkers157 found 
a decreased sensitivity to acetylcholine, carbachol, and electrical 
stimulation, but not to K+ in isolated detrusor tissue from 
female rats treated with estradiol. Addition of diethylstilbestrol 
further reduced these responses, an effect previously investigated 
by the same group and attributed to a reduction of calcium 
infl ux into the detrusor cells.157 Selective β3-adrenoceptor 
agonists relaxed the detrusor muscle of female rats with low 
estrogen levels,158 which was suggested to have potential clinical 
implications.

In nonanesthetized mice lacking estrogen-α, estrogen-β, or 
both receptor subtypes, in vitro contractility and cystometric 
values were no different from those in wild-type controls. 
However, mice lacking estrogen-α receptors did not respond to 
intravesical capsaicin instillation, suggesting a role of estrogen 
receptors in afferent signaling in the bladder.159 In the urethra, 
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Figure 4-3 Frequency-response curves in response to electrical fi eld 
stimulation in urethral preparations from mice lacking cyclic cMP-
dependent protein kinase (cGKI−/−, solid symbols) and wild-type 
controls (cGKI+/+, open symbols) before (circles) and after 
(triangles) treatment with the nitric oxide synthase inhibitor, 
L-NOARG.
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estrogens may increase the smooth muscle sensitivity to α-
adrenoceptor stimulation and improve the function of the vas-
culature and connective tissue of the lamina propria.48

Taken together, these results suggest that estrogens, at least in 
animals, can infl uence lower urinary tract structure and function 
and modify the responses of the detrusor to autonomic nervous 
infl uences. The results are not always consistent, and some of the 
discrepancies may be attributed to differences in experimental 
approaches. Even if an estrogen effect on afferent signaling in 
humans seems possible, available data do not allow conclusions 
to be drawn that consistently are applicable to treatment (e.g., of 
urine storage disorders).

Little is known about the effects of progesterone on bladder 
function, and the functional importance of the progesterone 
receptors that have been demonstrated in the lower urinary tract 
has not been established.160,161 In vitro administration of proges-
terone reduced the response of bladder strips to electrical fi eld 
stimulation and KCl.162 In contrast, long-term in vivo treatment 
with progesterone increased the maximal response of rabbit 
bladder preparations to electrical fi eld stimulation and increased 
the sensitivity to muscarinic receptor stimulation compared with 
ovariectomized controls.163 In contrast, Tong and associates164 
found that in vivo treatment with progesterone decreased the 
maximal response of rat bladder strips to acetylcholine and that 
there was a decrease in muscarinic receptor density. As for estro-
gens, available information does not allow conclusions to be 
drawn that are applicable to treatment of lower urinary tract 
disorders.

Pregnancy

Urinary incontinence (particularly stress incontinence) is 
common during pregnancy and has been attributed in part to 
changes in bladder and urethral function.165 In rats, pregnancy 
was reported to increase bladder weight and capacity, decrease 
the responses to muscarinic and α-adrenoceptor stimulation, 
and increase the response to ATP.164 In the presence of bethan-
echol, bladder strips from pregnant rabbits generated 50% less 
tension in response to calcium than those from nonpregnant 
rabbits.166 The isolated whole bladder from pregnant animals 
responded to low-frequency stimulation and to ATP with a 
greater increase in intravesical pressure than did preparations 
from virgin rabbits, whereas the response to bethanechol was 
greater in the virgin rabbits.167 Receptor binding studies in bladder 
tissue from pregnant animals revealed a signifi cantly reduced 
muscarinic receptor density (50%), corresponding to the decrease 
in response to bethanechol of the whole bladder. The results were 
interpreted to mean that pregnancy induced an increase in the 
purinergic component and a decrease in the cholinergic compo-
nent of the urinary bladder response to fi eld stimulation.167 A 
reduction of the muscarinic receptor density in the pregnant 
rabbit bladder was confi rmed by other investigators.168 To what 
extent the receptor and functional changes demonstrated in the 
pregnant bladder from different species can explain the voiding 
disturbances found in pregnant women remains to be 
established.
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The female genital tract and lower urinary tract share a common 
embryologic origin, arising from the urogenital sinus. Both are 
sensitive to the effects of female sex steroid hormones. Estrogen 
has an important role in the function of the lower urinary tract 
throughout adult life, and estrogen and progesterone receptors 
have been demonstrated in the vagina, urethra, bladder, and 
pelvic fl oor musculature.1-4 This role is supported by the fact that 
estrogen defi ciency occurring after menopause is known to cause 
atrophic changes within the urogenital tract5 and is associated 
with urinary symptoms such as frequency, urgency, nocturia, 
incontinence, and recurrent infection. These effects may also 
coexist with symptoms of vaginal atrophy such as dyspareunia, 
itching, burning, and dryness. This chapter reviews the roles of 
estrogen and progesterone in lower urinary tract function and 
assesses the role of estrogens in the management of lower urinary 
tract dysfunction.

ESTROGEN RECEPTORS AND HORMONAL FACTORS

The effects of the steroid hormone 17β-estradiol are mediated by 
ligand-activated transcription factors known as estrogen recep-
tors. They are glycoproteins that share common features with 
androgen and progesterone receptors, and they can be divided 
into several functional domains.6 The classic estrogen receptor 
(ERα) was fi rst discovered by Elwood Jensen in 1958 and cloned 
from uterine tissue in 1986,7 although it was not until 1996 that 
the second estrogen receptor (ERβ) was identifi ed.8 The precise 
role of the two different receptors remains to be elucidated, 
although estrogen receptor-α appears to play a major role in the 
regulation of reproduction, whereas estrogen receptor-β has a 
more minor role.9

Estrogen receptors have been demonstrated throughout the 
lower urinary tract and are expressed in the squamous epithelium 
of the proximal and distal urethra, vagina, and trigone of the 
bladder3,10 although not in the dome of the bladder, refl ecting its 
different embryologic origin. The pubococcygeus and the mus-
culature of the pelvic fl oor also are estrogen sensitive,11 although 
estrogen receptors have not yet been identifi ed in the levator ani 
muscles.12

The distribution of estrogen receptors throughout the uro-
genital tract has been studied, and ERα and ERβ receptors have 
been found in the vaginal walls and uterosacral ligaments of 
premenopausal women, although the latter were absent in the 
vaginal walls of postmenopausal women.13 The ERα receptors are 
localized in the urethral sphincter, and when sensitized by estro-
gens, they are thought to help maintain muscular tone.14

In addition to estrogen receptors, androgen and progesterone 
receptors are expressed in the lower urinary tract, although their 

role is less clear. Progesterone receptors are expressed inconsis-
tently, and they have been reported in the bladder, trigone, and 
vagina. Their presence may depend on estrogen status.5 Andro-
gen receptors are present in the bladder and urethra, although 
their role has not yet been defi ned.15 Estrogen receptors have also 
been identifi ed in mast cells in women with interstitial cystitis16,17 
and in the male lower urinary tract.18

The incidence of both estrogen and progesterone expression 
has been examined throughout the lower urinary tract in 90 
women undergoing gynecologic surgery; 33 were premenopausal, 
26 were postmenopausal without hormone replacement therapy 
(HRT), and 31 were postmenopausal and taking HRT.19 Biopsies 
were taken from the bladder dome, trigone, proximal urethra, 
distal urethra, vagina, and vesicovaginal fascia adjacent to the 
bladder neck. Estrogen receptors were consistently expressed in 
the squamous epithelia, but they were absent in the urothelial 
tissues of the lower urinary tract of all women, irrespective of 
estrogen status. Progesterone receptor expression, however, 
showed more variability because it was mostly subepithelial and 
was signifi cantly lower in postmenopausal women not taking 
estrogen replacement therapy.

HORMONAL INFLUENCES ON LOWER URINARY 
TRACT SYMPTOMS

To maintain continence, the urethral pressure must remain 
higher than the intravesical pressure at all times, except during 
micturition.20 Estrogens play an important role in the continence 
mechanism, with bladder and urethral function becoming less 
effi cient with age.21 Elderly women have been found to have a 
reduced fl ow rate, increased urinary residuals, higher fi lling pres-
sures, reduced bladder capacity, and lower maximum voiding 
pressures.22 Estrogens may affect continence by increasing ure-
thral resistance, raising the sensory threshold of the bladder or 
by increasing α-adrenoreceptor sensitivity in the urethral smooth 
muscle.23,24 Exogenous estrogens have been shown to increase the 
number of intermediate and superfi cial cells in the vagina of 
postmenopausal women.25 These changes have also been demon-
strated in the bladder and urethra.26

A prospective, observational study was performed to assess 
cell proliferation rates throughout the tissues of the lower urinary 
tract.27 Fifty-nine women were studied; 23 were premenopausal, 
20 were postmenopausal and not taking HRT and 20 were 
postmenopausal and taking HRT. Biopsies were taken from the 
bladder dome, trigone, proximal urethra, distal urethra, vagina, 
and vesicovaginal fascia adjacent to the bladder neck. The squa-
mous epithelium of estrogen-replete women was shown to exhibit 
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greater levels of cellular proliferation than in those women who 
were estrogen defi cient.

Cyclic variations in the levels of estrogen and progesterone 
during the menstrual cycle lead to changes in urodynamic vari-
ables and lower urinary tract symptoms, with 37% of women 
noticing a deterioration in symptoms before menstruation.28 
Measurement of the urethral pressure profi le in nulliparous pre-
menopausal women shows there is an increase in functional ure-
thral length midcycle and early in the luteal phase, corresponding 
to an increase in plasma estradiol.29 Progestogens have been asso-
ciated with an increase in irritating bladder symptoms30,31 and 
urinary incontinence in women taking combined HRT.32 The 
incidence of detrusor overactivity in the luteal phase of the men-
strual cycle may be associated with raised plasma progesterone 
levels after ovulation, and progesterone has been shown to antag-
onize the inhibitory effect of estradiol on rat detrusor contrac-
tions.33 This may help to explain the increased prevalence of 
detrusor overactivity found in pregnancy.34

The role of estrogen therapy in the management of women 
with fecal incontinence has been investigated in a prospective, 
observational study using symptom questionnaires and anorectal 
physiologic testing before and after 6 months of estrogen replace-
ment therapy. At follow-up, 25% of women were asymptomatic, 
and another 65% were improved in terms of fl atus control, 
urgency, and fecal staining. Anal resting pressures and voluntary 
squeeze increments were signifi cantly increased after estrogen 
therapy, although there were no changes in pudendal nerve ter-
minal latency. The investigators concluded that estrogen replace-
ment therapy may have a benefi cial effect, although larger studies 
are needed to confi rm these fi ndings.35

HORMONAL INFLUENCES ON URINARY 
TRACT INFECTION

Urinary tract infection is a common cause of urinary symptoms 
in women of all ages. This is a particular problem in the elderly, 
with a reported incidence of 20% in the community and more 
than 50% among institutionalized patients.36,37 Pathophysiologic 
changes such as impairment of bladder emptying, poor perineal 
hygiene, and fecal and urinary incontinence may partly account 
for the high prevalence observed. Changes in the vaginal fl ora 
due to estrogen depletion lead to colonization with gram-
negative bacilli, which cause locally irritating symptoms and act 
as uropathogens. These microbiologic changes may be reversed 
with estrogen replacement after menopause, offering a rationale 
for treatment and prophylaxis.

HORMONAL INFLUENCES ON LOWER URINARY 
TRACT FUNCTION

Neurologic Control

Sex hormones are known to infl uence the central neurologic 
control of micturition, although their exact role in the micturi-
tion pathway has yet to be elucidated. Estrogen receptors have 
been demonstrated in the cerebral cortex, limbic system, hippo-
campus, and cerebellum,38,39 and androgen receptors have been 
demonstrated in the pontine micturition center and the preoptic 
area of the hypothalamus.40

Bladder Function

Estrogen receptors, although absent in the transitional epithe-
lium at the dome of the bladder, are present in the areas of the 
trigone that have undergone squamous metaplasia.10 Estrogen 
is known to have a direct effect on detrusor function through 
modifi cations in muscarinic receptors41,42 and by inhibition 
of movement of extracellular calcium ions into muscle cells.43 
Consequently, estradiol has been shown to reduce the amplitude 
and frequency of spontaneous rhythmic detrusor contractions,44 
and there is evidence that it may increase the sensory threshold 
of the bladder in some women.45

Urethral Function

Estrogen receptors have been demonstrated in the squamous 
epithelium of the proximal and distal urethra,10 and estrogen has 
been shown to improve the maturation index of urethral squa-
mous epithelium.46 It has been suggested that estrogen increases 
urethral closure pressure and improves pressure transmission to 
the proximal urethra, both promoting continence.47-50 Estrogens 
have been shown to cause vasodilatation in the systemic and 
cerebral circulation, and these changes are also seen in the 
urethra.51-53

The vascular pulsations seen on urethral pressure profi lome-
try resulting from blood fl ow in the urethral submucosa and 
urethral sphincter have been shown to increase in size after estro-
gen administration,54 and the effect is lost after estrogen with-
drawal at menopause. The urethral vascular bed is thought to 
account for about one third of the urethral closure pressure, and 
estrogen replacement therapy in postmenopausal women with 
stress incontinence has been shown to increase the number of 
periurethral vessels.55

Collagen Metabolism

Estrogens affect collagen synthesis, and they have a direct effect 
on collagen metabolism in the lower genital tract.56 Changes 
found in women with urogenital atrophy may represent an alter-
ation in systemic collagenase activity,57 and urodynamic stress 
incontinence and urogenital prolapse have been associated with 
a reduction in vaginal and periurethral collagen levels.58-60 There 
is a reduction in skin collagen content after menopause,61 and the 
rectus muscle fascia becomes less elastic with increasing age, 
resulting in a lower energy requirement to cause irreversible 
damage.62 Changes in collagen content have also been identifi ed, 
the hydroxyproline content in connective tissue from women 
with stress incontinence being 40% lower than in continent 
controls.63

LOWER URINARY TRACT SYMPTOMS

Urinary Incontinence

The prevalence of urinary incontinence increases with age, affect-
ing 15% to 35% of community-dwelling women older than 60 
years,64 and other studies have reported a prevalence of 49% 
among women older than 65 years.65 Rates of 50% have been 
reported in elderly nursing home residents.66 A cross-sectional 
population prevalence survey of 146 women between the ages of 
15 and 97 years found that 46% experienced symptoms of pelvic 
fl oor dysfunction, defi ned as stress or urge incontinence, fl atus 
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or fecal incontinence, symptomatic prolapse, or previous pelvic 
fl oor surgery.67

Little work has been done to examine the incidence of urinary 
incontinence. However, a study in New Zealand of women older 
than 65 years found 10% of the originally continent developed 
urinary incontinence in the 3-year study period.68

Epidemiologic studies have implicated estrogen defi ciency in 
the cause of lower urinary tract symptoms, with 70% of women 
relating the onset of urinary incontinence to their fi nal menstrual 
period.5 Lower urinary tract symptoms are common in post-
menopausal women attending a menopause clinic, with 20% 
complaining of severe urgency and almost 50% complaining of 
stress incontinence.69 Urge incontinence in particular is more 
prevalent after menopause, and the prevalence appears to rise 
with increasing years of estrogen defi ciency.70 There is, however, 
confl icting evidence regarding the role of estrogen withdrawal 
at the time of menopause. Some studies have shown a peak 
incidence in perimenopausal women,71,72 and other evidence 
suggests that many women develop incontinence at least 10 years 
before the cessation of menstruation, with signifi cantly more 
premenopausal women than postmenopausal women being 
affected.73

Urogenital Atrophy

Urogenital atrophy is a manifestation of estrogen withdrawal 
after menopause, and symptoms may appear for the fi rst time 
more than 10 years after the last menstrual period.74 Increasing 
life expectancy has led to an increasingly elderly population, and 
with the average age of the menopause being 50 years,76 it is now 
common for women to spend one third of their lives in the 
estrogen-defi cient postmenopausal state.75 

Postmenopausal women comprise 15% of the population in 
industrialized countries, with a predicted growth rate of 1.5% 
over the next 20 years. Overall, in the developed world, 8% of the 
total population is estimated to have urogenital symptoms.77 This 
represents 200 million women in the United States alone.

It has been estimated that 10% to 40% of all postmenopausal 
women are symptomatic,78 although only 25% are thought to 
seek medical help. Two out of three women report vaginal symp-
toms associated with urogenital atrophy by the age of 75 years.79 
However, the prevalence of symptomatic urogenital atrophy is 
diffi cult to estimate, because many women accept the changes as 
being an inevitable consequence of the aging process and do not 
seek help, leading to considerable underreporting.

In a study assessing the prevalence of urogenital symptoms in 
2157 Dutch women,80 27% complained of vaginal dryness, sore-
ness, and dyspareunia, and the prevalence of urinary symptoms 
such as leakage and recurrent infections was 36%. When consid-
ering severity, almost 50% reported moderate to severe discom-
fort, although only a third had received medical intervention. 
Women who had had a hysterectomy reported moderate to 
severe complaints more often than those who had not.

The prevalence of urogenital atrophy and urogenital prolapse 
was examined in a population of 285 women attending a meno-
pause clinic.81 Overall, 51% of women had anterior vaginal wall 
prolapse, 27% had posterior vaginal prolapse, and 20% had 
apical prolapse. In this same group, 34% of women had urogeni-
tal atrophy, and 40% complained of dyspareunia. Although 
urogenital atrophy and symptoms of dyspareunia were related 
to menopausal age, the prevalence of prolapse showed no 
association.

Although urogenital atrophy is an inevitable consequence of 
menopause, women may not always be symptomatic. In one 
study, 69 women attending a gynecology clinic were asked to fi ll 
out a symptom questionnaire before examination and undergo-
ing vaginal cytology.82 Urogenital symptoms were found to be 
relatively low and were poorly correlated with age and physical 
examination fi ndings, although not with vaginal cytologic matu-
ration index. Women who were taking estrogen replacement 
therapy had higher symptom scores and physical examination 
scores.

From this evidence, it appears that urogenital atrophy is a 
universal consequence of menopause, although elderly women 
often may be minimally symptomatic. Treatment therefore 
should not be the only indication for replacement therapy.

MANAGEMENT OF LOWER URINARY DYSFUNCTION

Estrogens in the Management of Incontinence

Estrogen preparations have been used for many years in the treat-
ment of urinary incontinence,83,84 although their precise role 
remains controversial. Many of the studies performed have been 
uncontrolled, observational series examining the use of a wide 
range of different preparations, doses, and routes of administra-
tion. The inconsistent use of progestogens to provide endo-
metrial protection is another confounding factor, making 
interpretation of the results diffi cult.

To clarify the situation, a meta-analysis was conducted by the 
Hormones and Urogenital Therapy (HUT) Committee.85 Of 166 
articles identifi ed that were published in English between 1969 
and 1992, only 6 were controlled trials, and 17 were uncontrolled 
series. Meta-analysis found an overall signifi cant effect of estro-
gen therapy on subjective improvement in all patients and for 
patients with urodynamic stress incontinence alone. Subjective 
improvement rates with estrogen therapy in randomized, con-
trolled trials ranged from 64% to 75%, although placebo groups 
also reported an improvement of 10% to 56%. In uncontrolled 
series, subjective improvement rates were 8% to 89%, with 
patients with urodynamic stress incontinence showing improve-
ment rates of 34% to 73%. However, when assessing objective 
fl uid loss, there was no signifi cant effect. Maximum urethral 
closure pressure was found to increase signifi cantly with estrogen 
therapy, although this outcome was infl uenced by a single study 
showing a large effect.86

Another meta-analysis performed in Italy analyzed the results 
of randomized, controlled clinical trials on the effi cacy of estro-
gen treatment in postmenopausal women with urinary inconti-
nence.87 A search of the literature (1965-1996) revealed 72 articles, 
of which only four were considered to meet the meta-analysis 
criteria. There was a statistically signifi cant difference in subjec-
tive outcome between estrogen and placebo, although there was 
no such difference in objective or urodynamic outcome. The 
investigators concluded that this difference could be relevant, 
although the studies may have lacked objective sensitivity to 
detect this effect.

The role of estrogen replacement therapy in the prevention of 
ischemic heart disease was assessed in a 4-year, randomized trial, 
the Heart and Estrogen/Progestin Replacement Study (HERS),88 
involving 2763 postmenopausal women younger than 80 years 
with intact uteri and ischemic heart disease. In the study, 55% of 
women reported at least one episode of urinary incontinence 
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each week, and they were randomly assigned to oral conjugated 
estrogen plus medroxyprogesterone acetate or to placebo daily. 
Incontinence improved in 26% of women assigned to placebo 
and in 21% receiving HRT, and 27% of the placebo group com-
plained of worsening symptoms, compared with 39% in the HRT 
group (P = .001). The incidence of incontinent episodes per week 
increased an average of 0.7 in the HRT group and decreased by 
0.1 in the placebo group (P < .001). Overall, combined HRT was 
associated with worsening stress and urge urinary incontinence, 
although there was no signifi cant difference in daytime frequency, 
nocturia, or number of urinary tract infections.

These fi ndings were confi rmed in the Nurse’s Health Study, 
which followed 39,436 postmenopausal women between 50 and 
75 years old over a 4-year period. The risk of incontinence was 
found to be elevated for those women taking HRT compared 
with those who had never taken HRT. There was an increase in 
risk for women taking oral estrogen (RR = 1.54; 95% CI: 1.44 to 
1.65), transdermal estrogen (RR = 1.68; 95% CI: 1.41 to 2.00), 
oral estrogen and progesterone (RR = 1.34; 95% CI: 1.24 to 1.34), 
and transdermal estrogen and progesterone (RR = 1.46; 95% CI: 
1.16 to 1.84). Although there remained a small risk after the ces-
sation of HRT (RR = 1.14; 95% CI: 1.06 to 1.23), by 10 years, the 
risk was identical to that for women who had never taken HRT 
(RR = 1.02; 95% CI: 0.91 to 1.41).89

The effects of oral estrogens and progestogens on the lower 
urinary tract were assessed in 32 female nursing home residents90 
with an average age of 88 years. Subjects were randomized to oral 
estrogen and progesterone or to placebo for 6 months. At follow-
up, there was no difference in severity of incontinence, preva-
lence of bacteriuria, or the results of vaginal cultures, although 
there was an improvement in atrophic vaginitis in the placebo 
group.

A meta-analysis of the effect of estrogen therapy on the lower 
urinary tract was performed by the Cochrane group.91 Overall, 
28 trials were identifi ed that included 2926 women. In the 15 
trials comparing estrogen with placebo, there was a higher sub-
jective impression of improvement rate in women taking estro-
gen, and this was the case for all types of incontinence (RR for 
cure = 1.61; 95% CI: 1.04 to 2.49). When subjective cure and 
improvement were taken together, there was a statistically higher 
cure and improvement rate for urge (57% versus 28%) and stress 
(43% versus 27%) incontinence. In women with urge inconti-
nence, the chance of improvement was 25% higher than in 
women with stress incontinence, and overall, about 50% of 
women treated with estrogen were cured or improved, compared 

with 25% on placebo. The investigators conclude that estrogens 
can improve or cure incontinence and that the effect may be most 
useful in women complaining of urge incontinence.

Estrogens in the Management of Stress Incontinence

In addition to the studies included in the HUT meta-analysis, 
several investigators have also assessed the role of estrogen 
therapy in the management of urodynamic stress incontinence 
only (Table 5-1). Oral estrogens have been reported to increase 
the maximum urethral pressures and to lead to symptomatic 
improvement in 65% to 70% of women,92,93 although other work 
has not confi rmed this fi nding.94,95 Two placebo-controlled 
studies examined the use of oral estrogens in the treatment of 
urodynamic stress incontinence in postmenopausal women. 
Neither conjugated equine estrogens plus medroxyprogester-
one96 nor unopposed estradiol valerate97 showed a signifi cant 
difference in subjective or objective outcomes. A review of 8 
controlled and 14 uncontrolled, prospective trials concluded that 
estrogen therapy was not an effi cacious treatment for stress 
incontinence but that it could be useful for symptoms of urgency 
and frequency.98

From the available evidence, estrogen does not appear to be 
an effective treatment for stress incontinence, although it may 
have a synergistic role in combination therapy. Two placebo-
controlled studies examined the use of oral and vaginal estrogens 
with the α-adrenergic agonist phenylpropanolamine, used sepa-
rately and in combination. Both studies found that combination 
therapy was superior to either drug given alone; although there 
was subjective improvement in all groups,99 there was objective 
improvement only in the combination therapy group.100 This 
may offer an alternative conservative treatment for women who 
have mild urodynamic stress incontinence; however, because of 
its pressor effects, phenylpropanolamine has been withdrawn in 
the United States.101

One meta-analysis has helped determine the role of estrogen 
replacement in women with stress incontinence.102 Of the papers 
reviewed, 14 were nonrandomized studies, 6 were randomized 
trials (of which 4 were placebo controlled), and 2 were meta-
analyses. There was symptomatic or clinical improvement 
identifi ed only in the nonrandomized studies, whereas there 
was no such effect found in the randomized trials. The study 
authors concluded that the evidence does not support the use 
of estrogen replacement alone in the management of stress 
incontinence.

Table 5-1 Randomized, Controlled Trials Assessing the Use of Estrogens in the Management of 
Urinary Incontinence

Study Year Type of Incontinence Estrogen Route

Henalla et al88 1989 Stress Conjugated estrogen Vaginal
Hilton et al100 1990 Stress Conjugated estrogen Vaginal
Beisland et al99 1984 Stress Estriol Vaginal
Judge126 1969 Mixed Quinestradol Oral
Kinn and Lindskog127 1988 Stress Estriol Oral
Samsioe et al103 1985 Mixed Estriol Oral
Walter et al95 1978 Urge Estradiol and estriol Oral
Walter et al128 1990 Stress Estriol Oral
Wilson et al94 1987 Stress Piperazine estrone sulfate Oral
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Estrogens in the Management of Urge Incontinence

Estrogens have been used in the treatment of urinary urgency and 
urge incontinence for many years, although there have been few 
controlled trials to confi rm their effi cacy (see Table 5-1). A 
double-blind, placebo-controlled, crossover study using oral 
estriol in 34 postmenopausal women produced subjective 
improvement in 8 women with mixed incontinence and in 12 
with urge incontinence.103 However, a double-blind, multicenter 
study of the use of estriol (3  mg/day) in postmenopausal women 
complaining of urgency has failed to confi rm these fi ndings,104 
showing subjective and objective improvement but not signifi -
cantly better than placebo. Estriol is a naturally occurring, weak 
estrogen that has little effect on the endometrium and does not 
prevent osteoporosis, although it has been used in the treatment 
of urogenital atrophy. Consequently, it is possible that the dosage 
or route of administration in this study was not appropriate in 
the treatment of urinary symptoms, and higher systemic levels 
may be required.

The use of sustained release 17β-estradiol vaginal tablets 
(Vagifem, Novo Nordisk) (Fig. 5-1) has been examined in post-
menopausal women with urgency and urge incontinence or a 
urodynamic diagnosis of sensory urgency or detrusor overactiv-
ity. These vaginal tablets were well absorbed from the vagina and 
induced maturation of the vaginal epithelium within 14 days.105 
However, after a 6-month course of treatment, the only signifi -
cant difference between active and placebo groups was an 
improvement in the symptom of urgency in women with a uro-
dynamic diagnosis of sensory urgency.106 Another double-blind, 
randomized, placebo-controlled trial of 17β-estradiol vaginal 

tablets showed lower urinary tract symptoms of frequency, 
urgency, and urge and stress incontinence to be signifi cantly 
improved, although no objective urodynamic assessment was 
performed.107 In both of these studies, the subjective improve-
ment in symptoms may represent local estrogenic effects revers-
ing urogenital atrophy rather than a direct effect on bladder 
function.

A randomized, parallel-group, controlled trial compared the 
estradiol-releasing vaginal ring (Estring, Pharmacia, Uppsala, 
Sweden) with estriol vaginal pessaries in the treatment of post-
menopausal women with bothersome lower urinary tract symp-
toms.108 Low-dose, vaginally administered estradiol and estriol 
were found to be equally effi cacious in alleviating lower urinary 
tract symptoms of urge incontinence (58% versus 58%), stress 
incontinence (53% versus 59%), and nocturia (51% versus 54%), 
although the vaginal ring was found to have greater patient 
acceptability.

To clarify the role of estrogen therapy in the management 
of women with urge incontinence, a meta-analysis of the use of 
estrogen in women with symptoms of overactive bladder was 
conducted by the HUT Committee.109 In a review of 10 random-
ized, placebo-controlled trials, estrogen was found to be superior 
to placebo when considering symptoms of urge incontinence, 
frequency, and nocturia, and vaginal estrogen administration was 
found to be superior for symptoms of urgency. In those taking 
estrogens, there was also a signifi cant increase in fi rst sensation 
and bladder capacity compared with those taking placebo.

Estrogens in the Management of Recurrent Urinary 
Tract Infection

Estrogen therapy has been shown to increase vaginal pH and 
reverse the microbiologic changes that occur in the vagina after 
menopause.110 Initial small, uncontrolled studies using oral or 
vaginal estrogens in the treatment of recurrent urinary tract 
infection appeared to give promising results,111,112 although 
unfortunately this has not been supported by larger, randomized 
trials. Several studies have examined the use of oral and vaginal 
estrogens, and they have had mixed results (Table 5-2).

Kjaergaard and colleagues113 compared vaginal estriol tablets 
with placebo in 21 postmenopausal women over a 5-month 
period and found no signifi cant difference between the two 
groups. However, a subsequent randomized, double-blind, 
placebo-controlled study assessing the use of estriol vaginal 
cream in 93 postmenopausal women during an 8-month period 
did reveal a signifi cant effect.114

Kirkengen randomized 40 postmenopausal women to receive 
placebo or oral estriol and found that although both groups ini-
tially had a signifi cantly decreased incidence of recurrent infec-
tions, estriol was shown after 12 weeks to be signifi cantly more 
effective.115 These fi ndings were not confi rmed subsequently 
in a trial of 72 postmenopausal women with recurrent urinary 
tract infections randomized to oral estriol or placebo. After a 
6-month treatment period and another 6-month follow-up, 
estriol was found to be no more effective than placebo.116

A randomized, open, parallel-group study assessing the use of 
an estradiol-releasing silicone vaginal ring (Estring) in post-
menopausal women with recurrent infections showed the cumu-
lative likelihood of remaining infection free was 45% in the active 
group and 20% in the placebo group.117 Estring was also shown 
to decrease the number of recurrences per year and to prolong 
the interval between infection episodes.

Figure 5-1 Sustained release 17β-estradiol vaginal tablets. 
(Courtesy of Novo Nordisk, Denmark.)
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Estrogens in the Management of Urogenital Atrophy

Symptoms of urogenital atrophy do not occur until the levels of 
endogenous estrogen are lower than those required to promote 
endometrial proliferation.118 Consequently, it is possible to use a 
low dose of estrogen replacement therapy to alleviate urogenital 
symptoms while avoiding the risk of endometrial proliferation 
and removing the necessity of providing endometrial protection 
with progestogens.119 The dose of estradiol commonly used in 
systemic estrogen replacement is usually 25  μg to 100  μg, 
although studies investigating the use of estrogens in the manage-
ment of urogenital symptoms have shown that 8  μg to 10  μg of 
vaginal estradiol are effective.120 Only 10% to 30% of the dose 
used to treat vasomotor symptoms may be effective in the man-
agement of urogenital symptoms. Because 10% to 25% of women 
receiving systemic HRT still experience the symptoms of uro-
genital atrophy,121 low-dose local preparations may have an addi-
tional benefi cial effect.

The HUT Committee122 reviewed estrogen therapy in the 
management of urogenital atrophy. Ten randomized trials and 
54 uncontrolled series conducted between 1969 and 1995 assessed 
24 treatment regimens. Meta-analysis of 10 placebo-controlled 
trials confi rmed the signifi cant effect of estrogens in the manage-
ment of urogenital atrophy (Table 5-3).

The route of administration was assessed, and oral, vaginal, 
and parenteral (i.e., transcutaneous patches and subcutaneous 
implants) were compared. Overall, the vaginal route of adminis-

tration correlated with better symptom relief, greater im-
provement in cytologic fi ndings, and higher serum estradiol 
levels.

Estradiol was found to be the most effective type of estrogen 
preparation in reducing patient symptoms. Conjugated estrogens 
produced the most cytologic change and the greatest increase in 
serum levels of estradiol and estrone.

The effect of different dosages was examined. Low-dose 
vaginal estradiol was found to be the most effi cacious according 
to symptom relief, although oral estriol was also effective. Estriol 
had no effect on the serum levels of estradiol or estrone, and 
vaginal estriol had a minimal effect. Vaginal estradiol was found 
to have a small effect on serum estrogen levels, although not as 
great as systemic preparations. These fi ndings indicate  that estro-
gen is effi cacious in the treatment of urogenital atrophy and 
that low-dose vaginal preparations are as effective as systemic 
therapy.

The use of a low-dose, estradiol-releasing silicone vaginal ring 
(Estring) continuously releasing estradiol (5 to 10 μg/24  hr) was 
investigated in postmenopausal women with symptomatic uro-
genital atrophy.111 There was a signifi cant effect on symptoms 
of vaginal dryness, pruritus vulvae, dyspareunia, and urinary 
urgency, with improvement reported for more than 90% of 
women in an uncontrolled study. Patient acceptability was 
high, and although the maturation of vaginal epithelium 
was signifi cantly improved, there was no effect on endometrial 
proliferation.

Table 5-2 Randomized, Controlled Trials Assessing the Use of Estrogens in the Management of Recurrent Lower 
Urinary Tract Infections

Study Study Group
Type of 
Estrogen

Route of 
Delivery Duration of Therapy Results

Kjaergaard et al, 
1990113

21 Postmenopausal 
women with 
recurrent cystitis

10 active group
11 placebo

Estradiol Vaginal tablets 5 months Number of positive cultures not 
statistically different between 
the two groups

Kirkengen et al, 
1992115

40 Postmenopausal 
women with 
recurrent UTIs

20 active group
20 placebo

Estriol Oral 12 weeks Both estriol and placebo 
signifi cantly reduced the 
incidence of UTIs (P < .05).

After 12 weeks, estriol was 
signifi cantly more effective 
than placebo (P < .05).

Raz and Stamm, 
1993114

93 Postmenopausal 
women with 
recurrent UTIs

50 active group
43 placebo

Estriol Vaginal cream 8 months Signifi cant reduction in the 
incidence of UTIs in the group 
given estriol compared with 
placebo (P < .001)

Cardozo et al, 
1998116

72 Postmenopausal 
women with 
recurrent UTIs

36 active group
36 placebo

Estriol Oral 6-month treatment 
period with another 6 
months of follow-up

Reduction in urinary symptoms 
and incidence of UTIs in both 
groups; estriol no better than 
placebo

Eriksen, 1999117 108 Women with 
recurrent UTIs

53 active group
55 no treatment

Estradiol Estring 36 weeks for the active 
group; 36 weeks or 
until fi rst recurrence 
for the controls

Cumulative likelihood of 
remaining free of infection was 
45% in active group and 20% 
in control group (P = .008)

UTI, urinary tract infection.
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These fi ndings were supported by a 1-year multicenter study 
of Estring in postmenopausal women with urogenital atrophy, 
which found subjective and objective improvement in 90% of 
patients up to 1 year. However, there was a 20% withdrawal rate, 
with 7% of women reporting vaginal irritation, two having 
vaginal ulceration, and three complaining of vaginal bleeding, 
although there were no cases of endometrial proliferation.123 
Long-term safety was confi rmed by a 10-year review of the use 
of the estradiol ring delivery system, which found its safety, effi -
cacy, and acceptability to be comparable to other forms of vaginal 
administration.124 A comparative study of safety and effi cacy of 
Estring with conjugated equine estrogen vaginal cream in 194 
postmenopausal women complaining of urogenital atrophy 
found no signifi cant difference in vaginal dryness, dyspareunia, 
and resolution of atrophic signs between the two treatment 
groups. There was similar improvement in the vaginal mucosal 
maturation index and a reduction in pH in both groups, with the 
vaginal ring found to be preferable to the cream.125

CONCLUSIONS

Estrogens have important physiologic effects on the female lower 
genital tract throughout adult life, leading to symptomatic, his-

tologic, and functional changes. Urogenital atrophy occurs with  
estrogen withdrawal after menopause, manifesting with vaginal 
and urinary symptoms. The use of estrogen replacement therapy 
has been examined in the management of lower urinary tract 
symptoms and in the treatment of urogenital atrophy, although 
only recently has it been subjected to randomized, placebo-
controlled trials and meta-analyses.

Estrogen therapy alone has been shown to have little effect in 
the management of urodynamic stress incontinence, but when 
used in combination with α-adrenergic agonists, it may lead to 
an improvement in urinary leakage. For the overactive bladder 
symptoms of urinary urgency, frequency, and urge incontinence, 
estrogen therapy may be of benefi t, although it may cause reversal 
of urogenital atrophy rather than having a direct effect on the 
lower urinary tract. The role of estrogen replacement therapy in 
the management of women with recurrent lower urinary tract 
infections remains to be determined, but there is some evidence 
that vaginal administration may be effi cacious. Low-dose vaginal 
estrogens have been shown to have a role in the treatment of 
urogenital atrophy in postmenopausal women and appear to be 
as effective as systemic preparations.

Table 5-3 Randomized, Controlled Trials Assessing the Use of Estrogens in the Management of Urogenital Atrophy

Study Year Estrogen Route

Bellatoni et al129 1991 Estradiol Transdermal
Campbell et al130 1977 Conjugated estrogen Oral
Campbell et al130 1977 Conjugated estrogen Oral
Eriksen and Rasmussen107 1992 Estradiol Pessary
Felding et al131 1992 Estradiol Pessary
Foidart et al132 1991 Estriol Vaginal cream
Laufer et al133 1983 Estradiol Transdermal
Mettler and Olsen119 1991 Estradiol Pessary
Molander et al134 1990 Estriol Oral
Raz and Stamm114 1993 Estriol Vaginal cream
Van der Linden et al135 1993 Estriol Oral
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Urinary incontinence is a common condition in women that in 
the past was considered an inevitable result of aging. As a result, 
little attention was paid to women who complained of the condi-
tion. They were expected to suffer silently, and because they were 
concerned about leakage, they often became housebound. 
Urinary incontinence is defi ned by the International Continence 
Society as an “involuntary loss of urine which is objectively 
demonstrable and a social or hygienic problem.”1 With more 
focus placed on the problems of aging, specifi cally of aging 
women, we now know that urinary incontinence has many, wide-
ranging effects on a woman’s daily activities, social interactions, 
and personal perceptions of wellness. Women with urinary 
incontinence, especially urgency, have a lower sense of general 
well-being compared with similar-aged women without this 
problem. Urinary incontinence does not have to be endured by 
every aging woman. It is often curable, and it is certainly manage-
able by a multitude of therapies.

Normal support of the vagina and pelvic organs is provided 
by an interaction between the levator ani muscle and the connec-
tive tissue supports constituting the pelvic diaphragm. When 
muscular function in the pelvis is normal, the pelvic organs are 
held over the levator plate and away from the genital hiatus, with 
increased intra-abdominal pressure pushing the pelvic organs 
into the hollow of the sacrum. The purpose of the connective 
tissue is to provide stabilization of the pelvic organs in relation 
to the pelvic muscles and to provide temporary support when the 
pelvic muscles are relaxed. Pelvic fl oor dysfunction is a term that 
is applied to a wide variety of clinical conditions, including 
urinary incontinence, pelvic organ prolapse, sensory abnormali-
ties of the lower urinary tract, defecatory dysfunction, sexual 
dysfunction, and chronic pain syndromes. The most common 
conditions are urinary and fecal incontinence and pelvic organ 
prolapse. The pathophysiology of pelvic fl oor disorders includes 
a combination of genetic predisposition and acquired dysfunc-
tion of the muscular and connective tissue support systems.

This chapter provides a review of the epidemiology of urinary 
incontinence and pelvic fl oor dysfunction. In it, I discuss the 
prevalence, incidence, and risk factors of urinary incontinence 
and pelvic organ prolapse. The social, psychologic, sexual, and 
economic effects of female urinary incontinence and pelvic fl oor 
dysfunction also are addressed.

URINARY INCONTINENCE

Defi ning Urinary Incontinence

It is diffi cult to discuss urinary incontinence without discussing 
the defi nition of urinary incontinence. Various defi nitions have 
been used, depending on the goals of the defi ner, and according 

to the International Continence Society, the defi nition of urinary 
incontinence has changed in the past 25 years. In 1979, urinary 
incontinence was “the involuntary loss of urine that is a social or 
hygienic problem and is objectively demonstrable.”2 By 2002, 
urinary incontinence became “the complaint of any involuntary 
leakage of urine” with further description of frequency, severity, 
risk factors, social and hygienic impact, and effect on quality of 
life.1 These changes were made to promote treatments based on 
symptoms, to facilitate comparison of results in research, and to 
help with effective communication between researchers. The 
most recent defi nition does not require incontinence to be 
demonstrable; rather, a complaint of urinary incontinence is 
enough to support a diagnosis of urinary incontinence, allowing 
for the fact that each woman’s perception of her incontinence is 
different.

Incidence and Prevalence

Despite approved defi nitions of urinary incontinence, every 
study uses a slightly different defi nition. For example, in four 
studies published in 2000, the prevalence of incontinence ranged 
from 11% to 72%.3-6 This wide range probably refl ects the differ-
ent populations studied and the differences in defi nitions of 
urinary incontinence that were used in each study. One review 
found that a study with a broad defi nition of urinary inconti-
nence, such as any loss of urine in a 12-month period, had a 
higher prevalence rate than one defi ning urinary incontinence 
over a shorter period, such as the number of episodes in the past 
month.7 When the defi nition of urinary incontinence in a study 
becomes even more specifi c, the result is that the prevalence 
numbers decrease. For example, in one study, incontinence was 
assessed by asking a series of detailed questions modifi ed from 
epidemiologic studies, as opposed to asking just one or two ques-
tions. The result of this more detailed ascertainment was a slightly 
lower number of women with incontinence in the population 
than identifi ed in previous studies, with only 21% of women over 
the age of 70 complaining of at least weekly urinary inconti-
nence.8 These differences speak loudly to the need for standard-
ized defi nitions of urinary incontinence to achieve a more precise 
assessment of the scope of the problem.

Three types of incontinence are usually assessed in survey 
questionnaires. Urge urinary incontinence is urine loss associated 
with an overwhelming urge to void associated with rushing to 
the bathroom and not making it there in time. These women 
wear a pad to go out and often limit their social schedule. Stress 
urinary incontinence is loss of urine caused by increased physical 
activity, coughing, sneezing, or laughing. These women have 
limited their physical activity because of their incontinence. 
Mixed urinary incontinence incorporates aspects of stress and 
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urge incontinence in a woman’s complaints. Mixed incontinence 
is often diffi cult to assess until certain therapies have been 
attempted. For example, a woman with stress and urge symptoms 
may be so signifi cantly improved with behavioral modifi cation, 
pelvic fl oor exercises, and medication for urgency that she does 
not notice her stress incontinence. Most studies report a higher 
rate of stress and mixed incontinence compared with urge incon-
tinence.9,10 An analysis of the world literature reports that stress 
incontinence is predominant at 49%, followed by mixed incon-
tinence at 29% and urge incontinence at 22%.11

The various prevalence numbers for different varieties of 
incontinence also result from the inconsistent ages of popula-
tions studied and from the diverse populations evaluated. Each 
study has a new group of women with differences in age, ethni-
city, and history such that it is diffi cult to generalize the results 
of the study to any other population. Incorrect estimates can also 
result from bias in data collection and underreporting due to 
embarrassment. In simple population surveys, most adult women 
report that they occasionally leak drops of urine with physical 
exercise, and up to 46% of community-dwelling women com-
plain about some degree of urinary incontinence.12,13 These 
numbers underscore the magnitude of this issue and the impor-
tance of reporting valid data.

Risk Factors

Women who exercise report more urinary incontinence. Studies 
by Nygaard and associates14,15 found that as many as 30% of 
women complain of urinary leakage during physical activity. The 
highest rate (38%) was reported in runners. The same researchers 
demonstrated that even among young, nulliparous women, up 
to 28% report incontinence with exercise.14,15 Another study 
found that up to 80% of elite trampolinists reported involuntary 
urine leakage.16 Although this is an extreme example, it does 
make the point that high-impact sports lead to more urinary 
incontinence in women.

As our population ages, the prevalence of urinary inconti-
nence will increase. According to the United States Bureau of 
Census, the number of postmenopausal women in the popula-
tion will increase from 23% of the total population in 1995 to 
33% in 2050, and the proportion of women older than 85 years 
will triple in the same period.17 In women with incontinence, the 
rate of stress incontinence peaks between 45 and 49 years of age 
and then begins to slowly decrease with further aging.3 This 
decrease in stress urinary incontinence may refl ect the decrease 
in activity that usually occurs with aging, leading to a concomi-
tant decrease in urinary incontinence. Although there is a decrease 
in stress urinary incontinence, the prevalence of any inconti-
nence increases with age in a linear fashion from 3% to 34.7% in 
young women to 25% to 59.5% in women older than 60 years. 
This statistic highlights the increase in urge urinary incontinence 
and the prevalence of that problem later in life. 

More than 70% of women living in nursing homes report 
urinary incontinence.18-20 Urinary incontinence reported by 
nursing home residents often has causes other than detrusor 
overactivity or hypermobility of the urethra. These women can 
have problems with chronic disease, decreased mobility, and 
medications that cause urinary incontinence.

Urinary incontinence is two to three times more common in 
women than in men. There is a very low prevalence of urinary 
incontinence in men younger than 60 years, whereas inconti-
nence in women steadily increases starting at a much younger 

age. Men are very unlikely to report stress incontinence, severe 
incontinence, or irritative bladder symptoms. The anatomic dif-
ferences between men and women and the risk factors that 
women face, such as childbirth and hysterectomy, cause them to 
have more problems with stress urinary incontinence. Men are, 
however, much more likely to report voiding diffi culties due to 
prostate problems as they age and their prostates enlarge.21

Several studies have shown an association between childbirth 
and urinary incontinence.22-24 Stress incontinence shows the 
strongest correlation with parity, whereas there is little correla-
tion between parity and urgency incontinence; rather, aging is 
more strongly associated with this problem. Vaginal birth may 
directly damage the pelvic muscles and connective tissues that are 
necessary for pelvic fl oor support and for functioning of the 
urethra. Vaginal birth also leads to a loss of pelvic muscle strength 
in the immediate postpartum period that gradually returns, 
something not seen after cesarean section. Studies have also 
shown that there is an increased risk of urinary incontinence after 
surgical vaginal delivery compared with cesarean section that 
lasts for at least 3 years.25 The debate over whether cesarean 
section prevents urinary incontinence is ongoing, with argu-
ments from both sides and many physicians caught in the 
middle.

It had been thought that menopause was a risk factor for lower 
urinary tract symptoms and urinary incontinence. Atrophic vagi-
nitis of menopause is associated with a multitude of symptoms, 
including vaginal dryness, burning, and irritation; urinary 
urgency and frequency; stress urinary incontinence; and recur-
rent urinary tract infections. The atrophy caused by estrogen 
defi ciency is in part responsible for sensory urogenital symptoms 
and for the decreased resistance to infection seen in menopausal 
women. The value of estrogen replacement in this situation, 
however, is debatable. In two randomized, controlled trials of 
estrogen and progestin or estrogen alone versus placebo in meno-
pausal women, there was no difference in urinary tract infection 
rates in the patients who received hormone therapy.26,27 In another 
trial, low-dose estriol reduced the frequency of urinary tract 
infections in menopausal women.28 Another study showed that 
intravaginal estriol reduced the risk of recurrent urinary tract 
infections.29 Hormone therapy for urinary incontinence has been 
evaluated in many randomized, controlled trials. In the Heart 
and Estrogen/Progestin Replacement Study (HERS), no differ-
ence was found in incontinence improvement between the 
hormone therapy group and the placebo group, and hormone 
therapy seemed to exacerbate incontinence more than the placebo 
group.30 Another randomized trial also demonstrated no differ-
ence between the estrogen group and the placebo group for 
improvement of stress urinary incontinence.31 In a trial of estro-
gen for urgency incontinence, there was no difference between 
the hormone group and the placebo group.32 The conclusion can 
be made that frequent urinary tract infection in menopausal 
women can be treated with intravaginal estrogen if there is an 
element of atrophy involved with the bladder infection.

Obesity and hysterectomy have been thought to be risk factors 
for urinary incontinence, although much of the evidence is con-
fl icting. Obesity is more common in women with urinary incon-
tinence than in continent women. It is possible that obese women 
have higher intra-abdominal pressures that overwhelm the con-
tinence mechanism. Weight loss has been shown to improve 
incontinence that is primarily stress related.33-38 Hysterectomy 
has been associated with incontinence in some observational 
studies, but in others, there was no difference between women 
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who had had a hysterectomy and those who had not had 
surgery.24,39,40

Psychosocial Impact

Approximately 31% to 38% of community-dwelling, middle-
aged and older women have urinary incontinence, making it a 
very common chronic health condition among women of many 
ages.41,42 The International Continence Society defi nes urinary 
incontinence as “a condition in which involuntary loss of urine 
is a social or hygienic problem.” By this defi nition, every woman 
with urinary incontinence has some social distress.12,43,44 Because 
many women believe that urinary incontinence is a normal con-
sequence of childbirth and aging, they avoid seeking therapy.45 
The burden of urinary incontinence refl ects experiences from 
many aspects of life. Urinary incontinence can affect physical, 
psychosocial, and economic well-being. Women with urinary 
incontinence can experience psychologic distress, social isolation 
and loneliness, increased falls, and increased health care use.46-50 
The monetary costs of urinary incontinence have been estimated 
at $3565 per incontinent person.51

Many studies suggest an association between urinary inconti-
nence and depression and anxiety,52-54 whereas some suggest only 
a weak association between urinary incontinence and psychologi-
cal well-being.48 There seem to be ethnic differences in distress 
about urinary incontinence. African American women with 
urinary incontinence have higher rates of psychological distress 
than those without urinary incontinence, whereas there is a much 
weaker association between urinary incontinence and psycho-
logical distress among white women.46 This difference in reac-
tions may refl ect the fact that urinary incontinence is less common 
in African American women and therefore is seen as more of a 
problem. Despite the apparent bother of urinary incontinence, 
many women do not discuss this problem with their physicians. 
The reasons include embarrassment, feelings that incontinence 
is a natural part of aging, and a belief that there is nothing to help 
the problem.

Almost 75% of women with stress urinary incontinence are at 
least slightly bothered by their symptoms, and about 29% mod-
erately to extremely bothered by their incontinence. The fre-
quency and duration of symptoms and the existence of comorbid 
conditions are associated with increased annoyance by stress 
urinary incontinence. Fifty-four percent of women who are both-
ered by their symptoms feel that their symptoms have at least a 
moderate impact on certain aspects of their lives, including phys-
ical activity, self-confidence, daily activities, and social activi-
ties.10 Urinary incontinence does not just affect older women in 
the psychosocial realm. One study demonstrated that urinary 
stress incontinence negatively affected the quality of life, work 
performance, and sexual activity of young and middle-aged 
women. Urinary incontinence in this group of women caused 
distress for them emotionally, physically, and socially.55

Some forms of urinary incontinence have a more detrimental 
social impact than others.56 Urge urinary incontinence has a 
greater effect on quality of life than stress incontinence.57-60 In a 
study of primarily urge urinary incontinence, the women reported 
generalized anxiety and concern about location of the bathroom. 
They also reported concern about dating and sexual activity. 
Women younger than 70 years reported feeling unattractive and 
having more feelings of low self-esteem.61

Loss of urinary control affects the social, psychological, 
domestic, occupational, physical, and sexual lives of 15% to 30% 

of women of all ages.62 Women who perceive urinary inconti-
nence as a disease and those with a higher degree of quality-of-
life impact are more likely to seek medical help.63 Quality-of-life 
issues seem to be more important than objective outcome meas-
ures for most patients.64 One study demonstrated that the per-
ceived degree of urinary incontinence signifi cantly affected 
quality of life. Women who perceive their symptoms as being 
moderate or severe have a signifi cantly lower quality of life.65 This 
response was entirely independent of the severity of symptoms 
determined by objective measures such as a diary or urodynamic 
testing.

In assessing the economic impacts of urinary incontinence, 
many studies focus on the cost of caring for elderly incontinent 
people in nursing homes. This type of data is easier to obtain than 
that from patients in a community setting.66 When estimating 
costs of urinary incontinence, direct and indirect expenses should 
be included. Direct costs are the resources used to diagnose, treat, 
care for, and rehabilitate incontinent patients. Indirect costs 
include lost productivity, missed days of work, time spent by 
caregivers, and the consequences of incontinence from problems 
such as skin breakdown or falls and its impact on death rates.67 
A study conducted in 2005 found that although admissions and 
inpatient stays for urinary incontinence decreased from 1994 to 
2000, outpatient visits more than doubled for the same period. 
While inpatient surgery rates decreased during this time, rates of 
outpatient surgery were more than doubled. Medical expendi-
tures for urinary incontinence also greatly increased during the 
1990s, doubling from 1992 to 1998 for Medicare benefi ciaries.68 
Urinary incontinence increases the risk of hospitalization by 
more than 30% and is believed to be a signifi cant factor for insti-
tutionalization among the elderly.69 One study shows that urinary 
incontinence doubles the risk of admissions to nursing homes, 
independent of age and the presence of other diseases.50

PELVIC ORGAN PROLAPSE

Defi nition and Prevalence

Pelvic organ prolapse can be defi ned as any descent of the uterus 
or anterior or posterior vagina into the potential space of the 
vagina. With this defi nition, 30% to 40% of older women have 
had some degree of prolapse.70,71 A newer defi nition uses the 
stages of prolapse proposed by the International Continence 
Society using the pelvic organ prolapse quantifi cation system. 
This defi nition is translated into a 0 to 4 staging system. Stage 1is 
minor vaginal descensus, and stages 2 and above are believed to 
be more clinically relevant degrees of prolapse. Prevalence esti-
mates for pelvic organ prolapse range from 2% to 50%, depend-
ing on the severity of the prolapse and the defi nition that is 
used.72 In a group of women from the Women’s Health Initiative 
Study, 65.5% had prolapse of stage 2 or above. Risk factors for 
signifi cant pelvic organ prolapse include a history of hysterec-
tomy, lower education level, and a greater number of vaginal 
deliveries.73

Women with prolapse can be asymptomatic with regard to 
bladder, bowel, and sexual dysfunction, or they can have various 
complaints. Some of the symptoms associated with advanced 
prolapse are urgency, frequency, and voiding diffi culties. It is 
diffi cult to tell whether other symptoms, such as sexual dysfunc-
tion, have any relation to severity of prolapse or are multifacto-
rial, with one aspect of the sexual dysfunction being related to 
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prolapse.74-77 Pelvic organ prolapse is the most common indica-
tion for hysterectomy in women older than 55 years.78 In the 
United States, rates of surgery for pelvic organ prolapse vary by 
age, race, and region of the country. Approximately 200,000 
women underwent surgery for pelvic organ prolapse between 
1979 and 1997, making prolapse one of the most common surgi-
cal indications in women.73,79 The lifetime risk for undergoing 
surgery for prolapse or incontinence is 11%.80 Surgery for pro-
lapse, because it is so common, likely has its own impact on 
quality of life when immediate and long-term postoperative 
recovery is taken into account.

As with urinary incontinence, pelvic organ prolapse reduces 
the quality of life.81 One study found that surgery for pelvic organ 
prolapse or urinary incontinence improved the quality of life for 
women who received this treatment.82 Research shows that con-
servative therapy also greatly improves the quality of life of these 
women.83,84 The use of nonsurgical therapy, such as biofeedback 
and pelvic fl oor rehabilitation, for urinary incontinence and 
pelvic organ prolapse can greatly help with very little risk to the 
patient.

PSYCHOSOCIAL IMPACT OF URINARY 
INCONTINENCE AND PELVIC FLOOR DYSFUNCTION 
IN CLINICAL PRACTICE

It is diffi cult to interpret the research on the social implications 
of urinary incontinence and pelvic fl oor dysfunction and apply 
this information to current clinical practice. The experience of 
each woman is different, and the actuality of incontinence should 

be separated from the woman’s experience of the problem. The 
lived experience of incontinence is very dissimilar for different 
groups of women and for women of different ages.41,85

Incontinent women do share some burdens. Many do not 
report their incontinence to their health care provider and may 
live for years without medical treatment. Only one of four 
eventually seeks help from her physician. Reasons for not 
discussing this problem with a physician include social embar-
rassment, fear of surgery, belief that urinary incontinence is a 
natural part of aging, and lack of knowledge or information 
about the condition and its management.7 In the past, urinary 
incontinence has been marginalized by physicians, and patients 
have been dissatisfi ed with their interactions with health care 
professionals, making them wary of presenting for treatment 
or returning for worsening of symptoms.86 Only recently has 
innovative therapy been introduced for urinary incontinence and 
pelvic fl oor dysfunction, so that women now have a choice of 
treatment options.

A sensitive approach to the subject of urine leakage is required 
while taking a woman’s history and performing the physical 
examination. It is sometimes helpful to have a woman complete 
her pelvic fl oor history form and voiding diary before her initial 
visit to help her feel more at ease with the subject. Women often 
are able to describe the problem in more detail when given ade-
quate time to think about it. Continuing public information and 
patient education allow women  to recognize incontinence as a 
treatable symptom and encourage them to seek solutions for this 
problem. The complaint of urinary incontinence should be 
addressed at every annual visit and should then be taken as seri-
ously as any other health problem.
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Chapter 7

CLINICAL EVALUATION OF LOWER URINARY 
TRACT SYMPTOMS
Jerry G. Blaivas and Jaspreet Sandha

Diagnostic evaluation of voiding dysfunction in women com-
mences with a focused but detailed history and physical exami-
nation. Various diagnostic tests and instruments are used to 
determine the nature and severity of the symptoms. These may 
be divided into subjective, semi-objective, and objective instru-
ments. Subjective information is obtained from the patient’s 
history. Semi-objective data are obtained from self-reported 
diaries, pad tests, and validated questionnaires. Objective data are 
obtained by physical examination, laboratory tests, radiologic 
studies, ultrasound imaging, urodynamic studies, and cystos-
copy. The collection of subjective, semi-objective, and objective 
data should continue during and after treatment to determine 
outcomes.

The spectrum of voiding dysfunction ranges from mild stress 
urinary incontinence to severe neurologic disease resulting in 
upper tract deterioration. Because the patient’s symptoms are not 
necessarily proportional to the degree of bladder or renal involve-
ment, a systematic approach should be taken in assessing all 
aspects of voiding dysfunction.

LOWER URINARY TRACT SYMPTOMS

Standardization

What follows is based on the International Continence Society 
(ICS) Standardization Report, except where specifi cally stated to 
be otherwise.1 The ICS divides lower urinary tract symptoms into 
three groups: storage, voiding, and postmicturition. However, 
the ICS also recognizes a number of pain syndromes that are 
poorly defi ned and cannot be easily classifi ed. Storage symptoms 
include daytime frequency, urgency, incontinence, nocturia, and 
pain. Voiding symptoms are experienced during the voiding 
phase and include slow stream, splitting or spraying of the stream, 
intermittent stream, hesitancy, straining to void, and terminal 
dribble. Postmicturition symptoms are experienced immediately 
after micturition and include a feeling of incomplete emptying, 
postmicturition dribble, or pain.

Storage Symptoms

Urinary frequency (i.e., pollakisuria) is defi ned as eight or more 
voids per 24 hours. Urinary urgency is defi ned by the ICS as “the 
complaint of a sudden, compelling desire to pass urine, which is 
diffi cult to defer.” We think this defi nition is too restrictive. 
Many patients feel a “compelling desire to void” that is not 
sudden, and others feel uncomfortable, annoying feelings in their 
bladder that make them think they should void frequently, but 
the desire is really not compelling. There are currently no single 
other words or phrases to capture these symptoms.

Urinary incontinence is the involuntary loss of urine. It denotes 
a symptom, a sign, and a condition. It indicates the patient’s (or 
caregiver’s) statement of involuntary urine loss. The sign is the 
objective demonstration of urine loss. The condition is the patho-
physiology underlying incontinence as demonstrated by clinical, 
cystoscopic, or urodynamic techniques. The symptoms of incon-
tinence include stress, urge, mixed, unaware, continuous, and 
nocturnal enuresis.1,2

Stress urinary incontinence is the complaint of involuntary 
leakage on effort or exertion or on sneezing or coughing, and urge 
incontinence is the complaint of involuntary leakage accompa-
nied by or immediately preceded by urgency. Mixed urinary 
incontinence is the complaint of involuntary leakage associated 
with urgency and with exertion, effort, sneezing, or coughing. 
Enuresis means any involuntary loss of urine, and nocturnal 
enuresis is the complaint of loss of urine occurring during sleep. 
Continuous urinary incontinence is the complaint of continuous 
leakage. Other types of urinary incontinence may be situational, 
such as the report of incontinence during sexual intercourse or 
giggle incontinence.

CAUSES OF URINARY INCONTINENCE

Urinary incontinence can be further divided into urethral and 
extraurethral incontinence. Extraurethral causes of incontinence 
include an ectopic ureter opening into the vagina and urinary 
fi stula. Urethral incontinence is caused by bladder abnormalities, 
sphincter abnormalities, or combinations of both. Cognitive 
abnormalities and physical immobility, although not the proxi-
mate causes of incontinence, are important cofactors that should 
be taken into account for the diagnosis and treatment. For 
example, a woman with mild urgency and severe Parkinson’s 
disease may develop disabling incontinence because it takes her 
too long to get to the bathroom.

The conditions causing urinary incontinence may be pre-
sumed or defi nite.2 Defi nite conditions are documented by uro-
dynamic or other objective techniques. Presumed conditions 
are documented clinically. For example, a neurologically normal 
woman who complains of urge incontinence despite a normal 
cystometrogram is considered to have presumed detrusor over-
activity provided that sphincter abnormalities and overfl ow 
incontinence have been excluded. If the cystometrogram docu-
ments involuntary detrusor contractions, the diagnosis is defi nite 
detrusor overactivity.

Urethral Incontinence

Bladder abnormalities causing urinary incontinence include 
detrusor overactivity and low bladder compliance. Detrusor 
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78 Section 2 EVALUATION AND DIAGNOSIS

overactivity is a generic term for involuntary detrusor contrac-
tions, defi ned by the ICS as a “urodynamic observation charac-
terized by involuntary detrusor contractions during the fi lling 
phase which may be spontaneous or provoked.” The ICS subdi-
vides detrusor overactivity into idiopathic (i.e., non-neurogenic) 
and neurogenic detrusor overactivity. We have modifi ed this 
classifi cation as follows:

Idiopathic detrusor overactivity denotes involuntary detrusor 
contractions that are not associated with neurologic dis-
orders or other conditions known to be associated with 
involuntary detrusor contractions.

Neurogenic detrusor overactivity denotes involuntary detrusor 
contractions that are caused by neurologic conditions.

Non-neurogenic detrusor overactivity denotes involuntary 
detrusor contractions that are associated with conditions 
thought to be related to detrusor overactivity, such as ure-
thral obstruction and stress incontinence.3,28,29 The causes 
of detrusor overactivity are depicted in Table 7-1.

Low bladder compliance denotes an abnormal (decreased) 
volume-pressure relationship during bladder fi lling. Low 
bladder compliance is recognized by a steep rise in detrusor 
pressure during bladder fi lling. Causes of low bladder com-
pliance are provided in Table 7-2.

Sphincter Abnormalities Causing Urinary Incontinence

It has long been thought that sphincter abnormalities that cause 
urinary incontinence were of two generic types—urethral hyper-
mobility and intrinsic sphincter defi ciency—and many clinicians 
still adhere to this concept.4-6 According to this classifi cation, 
urethral hypermobility is characterized by rotational descent of 
the vesical neck and proximal urethra during increases in abdom-
inal pressure.4-11 If the urethra opens concomitantly, stress urinary 

incontinence ensues. The basic abnormality causing urethral 
hypermobility is a weakness of the pelvic fl oor. Intrinsic sphinc-
teric defi ciency denotes an intrinsic malfunction of the urethral 
sphincter itself.4,12 Clinically, intrinsic sphincter defi ciency mani-
fests by a low leak point pressure and is most commonly seen in 
three circumstances: after surgery on the urethra, vagina, or 
bladder neck; as a consequence of a neurologic lesion that involves 
the nerves to the vesical neck and proximal urethra; and in the 
elderly.4,12,13 It had also been accepted that urethral hypermobility 
and intrinsic sphincter defi ciency often coexist in the same 
patient.14

The validity of the concept of urethral hypermobility as a sole 
cause of urinary incontinence has been challenged, and several 
investigators have shown that there is no relationship between 
vesical leak point pressure and urethral mobility.15,16 For that 
reason, we no longer use the term intrinsic sphincter defi ciency, 
but instead characterize sphincteric incontinence by two param-
eters, vesical leak point pressure and urethral mobility, as meas-
ured by the Q-tip test.7,17

Overfl ow Incontinence

Overfl ow incontinence is the leakage of urine associated with 
incomplete bladder emptying caused by impaired detrusor con-
tractility or bladder outlet obstruction. The pathophysiology of 
overfl ow incontinence has not been studied very well. Conceptu-
ally, the leakage must be caused by an overactive detrusor or a 
relative sphincter defi ciency.

SYMPTOMS, SIGNS, AND CONDITIONS 
CAUSING INCONTINENCE

The symptoms of incontinence are elicited by the patient’s 
history, questionnaires, voiding diaries, and pad test. Symptoms 
can and should be reproduced during urodynamic studies. The 
signs are assessed by examination and urodynamic studies. 
The conditions are the underlying pathophysiologies. Table 7-3 
lists symptoms and conditions that cause urinary incontinence.

Urge incontinence has the following characteristics:

Symptom: The symptom of urge incontinence is the complaint 
of the involuntary loss of urine immediately preceded by 
urgency.

Sign: The sign of urge incontinence is the observation of 
involuntary urine loss from the urethra synchronous 
with an uncontrollable urge to void. Urodynamically, 
the sign is the presence of detrusor overactivity incon-  

Table 7-1 Detrusor Overactivity: Causes and 
Associated Conditions

Idiopathic detrusor overactivity
Non-neurogenic detrusor overactivity
 Bladder outlet obstruction
 Sphincteric incontinence
 Postoperative (anti-incontinence, prolapse)
 Bladder infection
 Bladder tumor
 Bladder stones
 Foreign body
Neurogenic detrusor overactivity
 Supraspinal neurologic lesions
  Stroke
  Parkinson’s disease
  Hydrocephalus
  Brain tumor
  Traumatic brain injury
  Multiple sclerosis
 Suprasacral spinal lesions
  Spinal cord injury
  Spinal cord tumor
  Multiple sclerosis
  Myelodysplasia
  Transverse myelitis

Table 7-2 Causes of Low Bladder Compliance

Neurogenic causes
 Myelodysplasia
 Shy-Drager syndrome
 Suprasacral spinal cord injury or lesion
 Radical hysterectomy
 Abdominoperineal resection
Non-neurogenic causes (i.e., increased collagen)
 Chronic indwelling catheter
 Bladder outlet obstruction
 Chronic cystitis (e.g., radiation, tuberculous, bilharzial)
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tinence (i.e., incontinence due to an involuntary detrusor 
contraction).

Condition: The condition of urge incontinence is caused by 
detrusor overactivity.

Stress incontinence has the following characteristics:

Symptom: The symptom of stress incontinence is the com-
plaint of involuntary loss of urine during coughing, sneez-
ing, or physical exertion, such as sport activities or sudden 
changes of position.

Sign: The sign of stress incontinence is the observation of loss 
of urine from the urethra synchronous with coughing, 
sneezing, or physical exertion.

Condition: The condition of stress incontinence may be caused 
by an underactive sphincter or detrusor overactivity, pre-
sumably caused by an increase in abdominal pressure. This 
is called stress hyperrefl exia, but it is not part of the ICS 
lexicon.

Unconscious incontinence has the following characteristics:

Symptom: The symptom of unconscious incontinence is the 
involuntary loss of urine that is unaccompanied by urge or 
stress. The patient may be aware of the incontinent episode 
by feeling wetness or by other associated symptoms such 
as the onset of autonomic dysrefl exia with spinal cord 
injury.

Sign: The sign of unconscious incontinence is the observation 
of loss of urine without patient awareness of urge or 
stress.

Condition: The condition of unconscious incontinence may 
be caused by detrusor overactivity, sphincter abnormalities, 
overfl ow, or extraurethral incontinence.

Continuous leakage has the following characteristics:

Symptom: The symptom of continuous leakage is the com-
plaint of a continuous, involuntary loss of urine.

Sign: The sign of continuous leakage is the observation of a 
continuous urinary loss.

Condition: The condition of continuous leakage may be caused 
by sphincter abnormalities or extraurethral incontinence.

Nocturnal enuresis has the following characteristics:

Symptom: The symptom of nocturnal enuresis is the com-
plaint of urinary loss that occurs only during sleep.

Sign: The sign of nocturnal enuresis is the observation of 
urinary loss during sleep.

Condition: The condition of nocturnal enuresis may be caused 
by a sphincter abnormality, detrusor overactivity, or extra-
urethral incontinence.

A precise diagnosis of urinary incontinence is best attained 
when it is witnessed by the examiner. In most instances, it makes 
little difference whether the urinary loss is visualized during 
physical examination with a full bladder (i.e., Marshall or Bonney 
test), at cystoscopy, cystometry, or by x-ray imaging. Regardless 
of the method of observation, when urinary loss is visualized 
from the urethral meatus, the observations and measurements of 
the astute clinician usually can pinpoint the underlying abnor-
mality and direct appropriate treatment.

Voiding Symptoms

Voiding symptoms are experienced during the voiding phase and 
include slow stream, splitting or spraying of the urine stream, 
intermittent stream (i.e., stopping and starting during micturi-
tion), hesitancy (i.e., diffi culty in initiating micturition, resulting 
in a delay in the onset of voiding after the individual is ready to 
pass urine), straining to void, and terminal dribble (i.e., pro-
longed fi nal part of micturition when the fl ow has slowed to a 
trickle or dribble). The conditions underlying these symptoms 
include urethral obstruction, impaired or absent detrusor con-
tractility, detrusor–external sphincter dyssynergia, and voiding at 
low bladder volumes. Pain during voiding may be caused by 
urinary tract infection, urethral stricture, urethral diverticulum, 
foreign body, or stone.

Pain

During storage, suprapubic or retropubic pain that increases with 
bladder fi lling and subsides immediately after voiding is most 
likely caused by the bladder; if the pain persists after voiding, the 
source is more diffi cult to assess. The relationship between other 
sites of pain is confounding, and a cause-and-effect relationship 
usually can only be inferred for the urethra, vulva (in and around 
the external genitalia), vaginal (internally, above the introitus), 
and perineum (between the posterior fourchette and the anus). 
The term pelvic pain is used when patients describe a pain “down 
there” but cannot pinpoint its location.

Painful bladder syndrome is the complaint of suprapubic pain 
related to bladder fi lling, accompanied by other symptoms such 
as increased daytime and nighttime frequency, in the absence of 
proven urinary infection or other obvious pathology. We think 

Table 7-3 Storage Symptoms and the Conditions That 
Cause Urinary Incontinence

Symptom Conditions

Urinary frequency Polyuria
Sensory urgency
Detrusor overactivity
Low bladder compliance
Acquired behavior (e.g., defensive 

voiding)
Urgency or urge 

incontinence
Sensory urgency
Detrusor overactivity
Low bladder compliance

Stress incontinence Urethral hypermobility
Intrinsic sphincter defi ciency
Stress hyperrefl exia

Unaware incontinence* Detrusor overactivity
Sphincter weakness
Extra-urethral incontinence

Continuous leakage Sphincter weakness
Extra-urethral incontinence

Nocturnal enuresis Detrusor overactivity
Sphincter weakness
Extra-urethral incontinence

Postvoid dribble Urethral diverticulum
Urethral obstruction
Vaginal voiding

Extra-urethral 
incontinence

Urinary fi stula
Ectopic ureter

*Not part of International Continence Society (ICS) defi nitions.
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interstitial cystitis should be considered in this category because, 
in contradistinction to the National Institutes of Health consen-
sus recommendations,18 there are no diagnostic cystoscopic or 
histologic features that can be used to distinguish these two 
terms. Interstitial cystitis has connotations of incurability and 
chronicity—allusions that are not necessarily warranted in many 
of the patients burdened by such a diagnosis. The differential 
diagnosis includes pelvic fl oor myalgia, endometriosis, chronic 
cystitis (e.g., radiation, tuberculous, bilharzial), low bladder 
compliance, urethral diverticulum, bladder cancer, bladder 
stones, and a foreign body.

Urethral pain syndrome is recurrent episodic urethral pain that 
usually occurs on voiding, often with daytime frequency and 
nocturia. The differential diagnosis includes urethritis (unspeci-
fi ed), vaginitis, pelvic fl oor myalgia, urethral diverticulum, ure-
thral stricture, and tumor.

Vulvar pain syndrome (i.e., vulvodynia) is the occurrence of 
persistent or recurrent episodic vulval pain. The differential 
diagnosis includes pelvic organ prolapse, vaginitis, and tumor.

Vaginal pain syndrome is the occurrence of persistent or recur-
rent episodic vaginal pain that is associated with symptoms sug-
gesting urinary tract or sexual dysfunction. The differential 
diagnosis includes vaginitis, prolapse, urethral diverticulum, 
endometriosis, pelvic fl oor myalgia, and tumor.

Perineal pain syndrome is the occurrence of persistent or 
recurrent episodic perineal pain, which is related to the micturi-
tion cycle or associated with symptoms suggesting urinary tract 
or sexual dysfunction. The differential diagnosis includes pelvic 
organ prolapse, endometriosis, pelvic fl oor myalgia, urethral 
diverticulum, and tumor.

In addition to the specifi c symptoms listed previously, several 
clinical symptoms and syndromes warrant special mention. For 
most of the pain symptoms, the cause remains speculative. The 
ICS suggests that these terms be used when “there is no proven 
infection or other obvious pathology.”1 We disagree. We fi nd 
these terms useful to describe symptoms just as one would use the 
word headache to describe pain in the head from any source, even 
migraine, brain tumor, or stroke. Moreover, some experts believe 
that all of these pain syndromes can be the result of a kind of pelvic 
fl oor myalgia that results from muscular spasm associated with 
emotional stress or an acquired behavior resulting from prior 
painful experiences that could be as simple as bacterial cystitis.

Detrusor Sphincter Dyssynergia

Detrusor–external sphincter dyssynergia is a condition charac-
terized by involuntary sphincter contractions during involuntary 
detrusor contractions. It is seen exclusively in patients with 
neurologic disorders that interrupt the normal spinal neuronal 
circuits of micturition (between the pontine and sacral micturi-
tion centers).20,21 It is essentially a urodynamic diagnosis charac-
terized by increased sphincter electromyographic activity during 
an involuntary detrusor contraction and narrowing of the distal 
third of the urethra on voiding cystourethrography.21 Detrusor–
external sphincter dyssynergia is a serious condition that, 
untreated, leads to urinary retention, ureteral obstruction, vesi-
coureteral refl ux, stones, infection, upper tract deterioration, and 
renal failure. It should not be confused with acquired voiding 
dysfunction.

Acquired Voiding Dysfunction

Acquired voiding dysfunction (i.e., learned voiding dysfunction, 
dysfunctional voiding, or Hinman’s syndrome) is often confused 

with detrusor–external sphincter dyssynergia because the urody-
namic fi ndings are similar.22,25-28 In detrusor–external sphincter 
dyssynergia, the increased electromyographic activity (when 
detected by needle electrodes placed directly in the urethral or 
periurethral striated muscles) precedes the onset of the involun-
tary detrusor contraction.21 In acquired voiding dysfunction, 
there is a period of electromyographic silence that precedes the 
involuntary detrusor contraction, followed by increased electro-
myographic activity during the contraction (i.e., the acquired 
dysfunction). In childhood, acquired voiding dysfunction (i.e., 
Hinman’s syndrome) is postulated to be caused by improper 
toilet training, resulting in prolonged times between voiding, or 
“holding urine” to prevent urinary loss, resulting in increased 
sphincter tone while voiding. It can also be associated with con-
stipation, recurrent urinary tract infection, low bladder compli-
ance, hydronephrosis, and vesicourethral refl ux. In children and 
adults, it can be caused by recurrent painful experiences associ-
ated with voiding, such as cystitis and local trauma.

Overactive Bladder

Overactive bladder is defi ned by the ICS as “urgency, with or 
without urge incontinence, usually with frequency and noctu-
ria  .  .  .  if there is no proven infection or other etiology.”1 From a 
practical standpoint, we believe that this defi nition is much too 
restrictive, and in contradistinction to the ICS defi nition 
consider overactive bladder to be a symptom complex caused by 
one or more of the following conditions: detrusor overactivity, 
sensory urgency, and low bladder compliance. Sensory urgency is 
a term (abandoned by the ICS) that refers to an uncomfortable 
need to void that is unassociated with detrusor overactivity. 
Common conditions causing or associated with overactive 
bladder are diverse and include urinary tract infection, urethral 
obstruction, pelvic organ prolapse, sphincteric incontinence, 
urethral diverticulum, bladder stones or a foreign body, and 
bladder cancer. In women with overactive bladder, diagnostic 
evaluation should be directed at early detection of these condi-
tions, because in many instances, the symptoms are reversible if 
the underlying cause is successfully treated.

Pelvic Prolapse

Prolapse refers to a protrusion of the bladder (i.e., cystocele), 
urethra (i.e., urethrocele), rectum (i.e., rectocele), intestine (i.e., 
enterocele), or uterus (i.e., uterine prolapse) past the ordinary 
anatomic confi nes of the affected organ. Women with pelvic 
prolapse may be asymptomatic, or they may complain of con-
comitant voiding, bowel, or other pelvic symptoms. The severity 
of symptoms may not correlate at all with the degree of prolapse. 
A large prolapse can cause extrinsic urethral or ureteral ob-
struction with resultant hydronephrosis and recurrent urinary 
tract infection due to incomplete emptying. Prolapse may mask 
sphincteric incontinence, which becomes evident only after the 
prolapse is reduced manually or by a pessary or surgery.29 Failure 
to take this into account can result in a high rate of incontinence 
after prolapse surgery. The ICS has described an objective, vali-
dated system for quantifying pelvic organ prolapse (POPQ).30 
The POPQ describes the topographic position of six vaginal sites 
and gives information regarding perineal descent and the change 
in axis of the levator plate based on increases in the genital hiatus 
and perineal body measurements. Table 7-4 and Figure 7-1 depict 
the ICS POP quantifi cation and staging system.
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Prolapse is caused by loss of vaginal wall support and weak-
ness in suspensory ligaments. Enterocele may be further classi-
fi ed as congenital, acquired, pulsion, and traction. Congenital 
enteroceles result from an incomplete closure of the rectovaginal 
septum. Acquired enteroceles occur after bladder suspension 
procedures that cause widening of the pouch of Douglas or cul-
de-sac, and traction enteroceles are associated with uterine pro-
lapse. Pulsion enteroceles occur after hysterectomy, and they are 
associated with weakness of the vaginal vault. Another term for 
pulsion enterocele is a true enterocele, because it is fi lled with 
bowel, whereas a traction enterocele may contain only the 
cul-de-sac.30-33

EVALUATION OF LOWER URINARY 
TRACT DYSFUNCTION

Subjective Data

History
The history begins with a detailed account of the precise nature 
of the patient’s symptoms. Each symptom should be character-
ized and quantifi ed as accurately as possible by anamnesis, ques-
tionnaire, bladder diary, and for incontinence, a pad test. When 
more than one symptom is present, the patient’s assessment of 
the relative severity of each should be considered. The examiner 
should not rely on any one of these tools, but rather use each as 
a test of the other.

The patient should be asked how often she urinates during the 
day and night, how long she can comfortably go between urina-
tions, and how long micturition can be postponed after she gets 
the urge. It should be determined why she voids as often as she 
does. Is it because of a severe urge, or is it merely out of conve-
nience or an attempt to prevent incontinence? The severity of 
incontinence should be graded. Does stress incontinence occur 
during coughing, sneezing, or rising from a sitting to standing 
position or only during heavy physical exercise? If the inconti-
nence is associated with stress, is urine lost only for an instant 
during the stress, or is there uncontrollable voiding? Is the incon-
tinence positional? Does it ever occur in the lying or sitting posi-
tions? Is there a sense of urgency fi rst? Does urge incontinence 

Table 7-4 International Continence Society Pelvic 
Organ Prolapse Quantifi cation and Staging System

Stage Description

0 No prolapse is demonstrated.
1 The most distal portion of the prolapse is greater 

than 1  cm above the level of the hymen.
2 The most distal portion of the prolapse is less than 

1  cm above or below the level of the hymen.
3 The most distal portion of the prolapse is greater 

than 1  cm below the level of the hymen but 
protrudes no more than 2  cm less than the total 
vaginal length.

4 There is complete eversion of the total length of the 
lower genital tract. The distal portion of the 
prolapse protrudes by at least 2  cm less than the 
total vaginal length.

From Bump et al.30

3 cm Ba
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Figure 7-1 Pelvic organ prolapse grading system. The Aa point is 
located in the midline of the anterior vaginal wall 3 cm proximal 
to the external urethral meatus. The Ba point represents the most 
distal (i.e., most dependent) position of any part of the upper 
anterior vaginal wall from the vaginal cuff or anterior vaginal fornix 
to point Aa. By defi nition, point Ba is at −8 cm in the absence 
of prolapse. The C point represents the most distal (i.e., most 
dependent) edge of the cervix or the leading edge of the vaginal 
cuff (i.e., hysterectomy scar) after total hysterectomy. Point D 
represents the location of the posterior fornix (or pouch of Douglas) 
in a woman who still has a cervix. It represents the level of 
uterosacral ligament attachment to the proximal posterior cervix. It 
is included as a point of measurement to differentiate suspensory 
failure of the uterosacral-cardinal ligament complex from cervical 
elongation. When the location of point C is signifi cantly more 
positive than the location of point D, it indicates cervical elongation 
that may be symmetric or eccentric. Point D is omitted in the 
absence of the cervix. Point Bp represents the most distal (i.e., most 
dependent) position of any part of the upper posterior vaginal wall 
from the vaginal cuff or posterior vaginal fornix to point Ap. By 
defi nition, point Bp is at −3  cm in the absence of prolapse. Point Ap 
is located in the midline of the posterior vaginal wall 3  cm proximal 
to the hymen. By defi nition, the range of position of point Ap 
relative to the hymen is −3 to +3  cm. The genital hiatus (GH) is 
measured from the middle of the external urethral meatus to the 
posterior midline hymen. The perineal body (PB) is measured from 
the posterior margin of the genital hiatus to the mid-anal opening. 
The total vaginal length (TVL) is the greatest depth of the vagina 
(in centimeters) when point C or D is reduced to its full normal 
position. (Modifi ed from Bump RC, Mattiasson A, Bo K, et al: The 
standardization of terminology of female pelvic organ prolapse and 
pelvic fl oor dysfunction. Am J Obstet Gynecol 175:10, 1996.)

occur? Is the patient aware of the act of incontinence, or does she 
just fi nd herself wet (i.e., unconscious incontinence)? Is there 
continuous, involuntary loss of urine? Does the patient lose a few 
drops or saturate her outer clothing? Does she have postvoid 
dribbling or enuresis? Are protective pads worn? Do they become 
saturated? How often are they changed? Is there diffi culty initiat-
ing the stream requiring pushing or straining to start? Is the 
stream weak or interrupted? Is there postvoid dribbling? Has the 
patient ever been in urinary retention?
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The symptoms of prolapse do not necessarily correlate with 
the degree of prolapse. The patient may notice or feel the protru-
sion or feel like she is “sitting on a ball.” There may be a pressure 
sensation in the vagina, rectum, or groin. She may feel perineal 
wetness or bleeding from vaginal ulceration, or she may perceive 
a sensation of pelvic insecurity.31 There may be a sacral backache 
that resolves when the patient is lying down.

Prolapse may manifest with a spectrum of lower urinary tract 
symptoms ranging from urinary retention to overt stress incon-
tinence. Between the two ends of this spectrum fall symptoms of 
urgency, frequency, straining to void, and a dribbling stream. 
Most women with prolapse are less symptomatic when supine 
during the night, with the prolapse reduced. Some patients 
enhance voiding by applying pressure on the anterior wall of the 
vagina. When a pessary is inserted, a previously continent woman 
may develop stress incontinence, a condition called occult stress 
incontinence. A history of stress incontinence that spontaneously 
subsides suggests occult stress urinary incontinence. Rarely, in 
severe prolapse, the intestines can become irreducible or even 
strangulated, which is a surgical emergency. Unmonitored pessa-
ries can erode into the bladder, urethra, bowel, or uterus.

Symptoms caused by a rectocele include the sensation of an 
inability to evacuate stool from the rectum or the need to apply 
digital pressure on the posterior vaginal wall to evacuate. Consti-
pation usually is not caused by a rectocele, although the patient 
may misinterpret her symptoms as constipation. Blood in the 
stool or changes in the caliber of the stools should prompt colon 
and rectal examination to rule out neoplasm.29-33

Medical History
The patient should be specifi cally queried about neurologic con-
ditions that are known to affect bladder and sphincteric function, 
such as multiple sclerosis, spinal cord injury, lumbar disk disease, 
myelodysplasia, diabetes, stroke, Parkinson’s disease, or multi-
system atrophy. If she does not have a previously diagnosed 
neurologic disease, it is important to ask about double vision, 
muscular weakness, paralysis or poor coordination, tremor, 
numbness, and tingling. A history of vaginal surgery or previous 
surgical repair of incontinence should suggest the possibility of 
sphincteric injury. Abdominoperineal resection of the rectum or 
radical hysterectomy may be associated with neurologic injury to 
the bladder and sphincter, resulting in sphincteric incontinence, 
urinary retention (due to detrusor arefl exia), or hydronephrosis 
(due to low bladder compliance). Radiation therapy may cause a 
small-capacity, low-compliance bladder or radiation cystitis.

Medications are a rare cause of urinary incontinence. α-
Adrenergic antagonists may cause stress incontinence. α-
Adrenergic agonists such as histamine and tricyclic antidepressants 
may cause bladder outlet obstruction, urinary retention, and 
overfl ow incontinence. Parasympathomimetics such as bethan-
echol may cause involuntary detrusor contractions and bladder 
pain.

Bladder Questionnaire
Questionnaires can expedite the retrieval of all information. In 
the past decade, there has been a plethora of questionnaires, but 
no single one has met with widespread approval.34,35 However, 
even well-constructed questionnaires with highly signifi cant vali-
dation cannot supplant the medical history. Each should supple-
ment the other, and fi nal judgment about the nature of symptoms 
should be attained by resolving confl icts in the questionnaire, 

bladder diary, pad tests, and anamnestic responses. We have 
fashioned two questionnaires for our practice; one is directed 
toward bladder symptoms, and the other addresses the medical 
history, medications, and allergies. These questionnaires are sent 
to the patient before the offi ce visit. The patient has the oppor-
tunity to ponder the questions and to acquire information, such 
as the names of medications and dates of previous operations, 
before the offi ce visit.

Semi-objective Data

Bladder Diary
To document the nature and severity of urinary symptoms, we 
fi nd a bladder diary indispensable. The reproducibility of the 
diary has been confi rmed.23,36-42 The particular information 
recorded in the diary depends on the patient’s symptoms, but all 
diaries should include at least the time and amount of each mic-
turition. From such a diary, the following information can be 
calculated: the total 24-hour urinary output,  number of voids, 
longest intervoiding interval,  largest single voided volume,  
diurnal distribution, and diuresis. Depending on the patient’s 
complaints, notations about the characterization, time, and 
severity of incontinence; the need to push or strain to void; and 
associated pain or urgency can be compiled. The ICS has advised 
that the inclusion of a frequency-volume chart is an essential 
component of the patient’s clinical assessment.8

Pad Tests
A number of pad tests have been described, but none has met 
with widespread approval. The reliability of 24-hour pad tests 
has been reasonably well established, but most 1- and 2-hour 
tests have considerable test-retest variability.23-24,43-47 Despite these 
shortcomings, the pad test is exceedingly useful, but it must be 
put in perspective with the patient’s symptoms. The most direct 
way of doing this is to ask the patient whether the pad test was 
representative of her usual symptoms; if not, it should be repeated. 
The relationship between pad loss and degree of incontinence has 
been described by a number of studies. A rate of less than 8 g/24 
hours is considered normal (e.g., sweat, secretions), and more 
than 20 g/24 hours is considered to be moderate to severe 
incontinence.24,45

Objective Data

Physical Examination
The physical examination begins by observing the patient’s gait 
and demeanor as she fi rst enters the offi ce. A slight limp or lack 
of coordination, an abnormal speech pattern, facial asymmetry, 
or other abnormalities may be subtle signs of a neurologic 
condition.

The abdomen and fl anks should be examined for masses, 
hernias, and a distended bladder. A pelvic examination is per-
formed with the bladder comfortably full and the patient in the 
lithotomy position; in patients with prolapse and incontinence it 
usually should be repeated with the patient standing or sitting. 
The patient is asked to cough or strain to reproduce symptoms 
of incontinence. The degree of hypermobility may be assessed by 
examination with a full bladder and by the Q-tip test. However, 
examination alone is insuffi cient for accurate assessment. The 
Q-tip test is performed by inserting a well-lubricated, sterile, 
cotton-tipped applicator gently into the urethra while the patient 

Ch007-X2339.indd   82 1/31/2008   2:12:27 PM



 Chapter 7 CLINICAL EVALUATION OF LOWER URINARY TRACT SYMPTOMS 83

is in lithotomy position. During a Valsalva maneuver or while 
coughing, the arc of the end of the Q-tip may be estimated or 
measured from the resting position with a goniometer or approx-
imated by the examiner in terms of degrees from the 0 axis (i.e., 
position of the applicator at rest). Some examiners use a short-
ened, red-rubber catheter to obtain a residual volume and then 
check for mobility during stress. Mobility of the end of the instru-
ment from the resting position to more than 30 degrees with 
straining indicates urethral hypermobility.7,17

Pelvic organ prolapse is best evaluated according to the POPQ 
protocol as depicted in Table 7-4 and Figure 7-1.30 The anterior 
vaginal wall is inspected by applying gentle pressure on the pos-
terior vaginal wall with the posterior blade from a split speculum 
or with examining fi ngers. The blade, if metal, should be warmed 
with water and inserted into the vagina toward the posterior wall. 
While the patient is straining, the presence of anterior vaginal 
wall and cervical or uterine mobility are assessed. The design of 
some examination and urodynamics tables allows the perineum 
to be visualized and examined while the patient is sitting. In 
many instances, prolapse and incontinence are appreciated only 
in one or the other position. Moreover, in some patients, incon-
tinence can be reproduced only with the cystocele reduced. The 
cervix is normally mobile, but descent to within 1 cm of the 
hymenal ring is considered grade 1 prolapse.

After examination of the anterior vaginal wall and cervix or 
uterus, the speculum blade is rotated, and the anterior vagina is 
gently retracted. The posterior vaginal wall and vault are examined 
for the presence of an enterocele and rectocele. As the speculum is 
slowly withdrawn, a transverse groove separating an enterocele 
from a rectocele below may be visible, and a fi nger inserted into 
the rectum can “tent up” a rectocele but not an enterocele.38

The sacral dermatomes are evaluated by assessing anal sphinc-
ter tone and control, perianal sensation, and the bulbocavernosus 
refl ex. With a fi nger in the rectum, the patient is asked to squeeze 
as if she were in the middle of urinating and trying to stop. A lax 
or weakened anal sphincter and the inability to voluntarily con-
tract and relax may be signs of neurologic damage. The bulbo-
cavernosus refl ex is checked by suddenly squeezing the clitoris 
and feeling (or seeing) the anal sphincter and perineal muscles 
contract. Alternatively, the refl ex may be initiated by suddenly 
pulling the balloon of the Foley catheter against the vesical neck. 
The absence of this refl ex in men is almost always associated with 
a neurologic lesion, but the refl ex is not detectable in up to 30% 
of otherwise normal women.19

If the patient complains of prolapse or incontinence that is 
not demonstrated in the lithotomy or sitting position, she is 
asked to cough and strain while standing. She should be posi-
tioned standing in front of the examiner with one foot elevated 
on a short standing stool. An enterocele is palpable between the 
forefi nger (in the rectum) and the thumb (in the vagina). The 
perineal body and vaginal rectal septum are examined by palpat-
ing the septum through the vagina and rectum.

If a patient has been fi tted with a pessary, the pessary should 
ideally be removed on the day before the offi ce visit; if not, it 
should be removed and the patient examined. If she states that 
the prolapse is not at its maximum descent, she should be asked 
to return later in the day (after she feels the prolapse has fallen 
down again). The vagina should be examined for any erosions or 
pudendal nerve injury from an ill-fi tted pessary. 

The diagnosis of urinary fi stula depends on a high index of 
suspicion, and it should be suspected if there is new onset of 

incontinence after pelvic surgery or childbirth or after pelvic 
irradiation for gynecologic malignancy. In most instances, vesi-
covaginal and urethrovaginal fi stulas are apparent on examina-
tion of the patient with a full bladder or at the time of cystoscopy, 
but ectopic ureter and ureterovaginal or vesicouterine fi stula are 
usually not apparent on examination. If a vesicovaginal fi stula is 
suspected but not seen on examination, it almost always is appar-
ent at cystoscopy. If detection defi es these simple steps, the 
bladder can be fi lled with saline or water to which a dye such as 
indigo carmine has been added. The vagina should then be 
inspected for signs of urinary leakage with the urethra occluded 
with a Foley balloon catheter or with the surgeon’s examining 
fi nger to prevent urethral leakage. Cystoscopy and pelvic exami-
nation are essential to evaluate the extent of the anatomic defect, 
the possibility of unrecognized secondary fi stulas, the pliability 
of local tissue, the need for securing bulk-ensuring tissue pedicle 
fl aps, the need for concomitant pelvic reconstructive surgery, and 
the timing of surgery. At the time of cystoscopy, retrograde 
pyelography may be performed when indicated, and the integrity 
of the urethral sphincter should be tested while the bladder is 
full.

To confi rm the presence of an ectopic ureter or of a uretero-
vaginal or vesicouterine fi stula, intravenous pyelography, retro-
grade pyelography, cystography, and hysterosalpingography may 
be necessary. In doubtful cases, Pyridium may be given orally and 
the patient instructed to wear a tampon and pads. If the Pyridium 
stains the tampon but not the pad, a vaginal fi stula should be 
excluded. Urinary incontinence is not always caused by what 
appears to be the most overt lesion. For example, neither a ure-
throvaginal fi stula nor a destroyed distal urethra should cause 
urinary incontinence unless the proximal urethra and vesical 
neck are also damaged. A careful, stepwise evaluation should be 
carried out in all patients to delineate the patho physiology under-
lying incontinence. Other causes of urinary incontinence com-
monly seen in these patients include a pre viously undiagnosed 
vesicovaginal or ureterovaginal fi stula, detrusor overactivity, low 
bladder compliance, and sphincteric abnormalities.

Routine Urologic Assessment
Routine laboratory studies include urinalysis, urine culture, and, 
in selected patients, renal function tests. Positive urine cultures 
should be treated with culture-specifi c antibiotics, but patients 
with persistent bacteriuria or recurrent infections may require 
invasive testing while on antibiotics. Hematuria should be 
evaluated by upper tract imaging (i.e., computed tomography 
with intravenous contrast or intravenous pyelography) and 
cystourethroscopy.

Urodynamic Study
The main purpose of urodynamic investigation is to determine 
the precise cause of the patient’s voiding dysfunction, and to this 
end, it is important that the symptoms be reproduced during the 
ex-amination. Urodynamic technique varies from “eyeball uro-
dynamics” to sophisticated multichannel, synchronous video, 
pressure-fl ow, and electromyographic studies. Using synchro-
nous, multichannel video urodynamics offers the most com-
prehensive, artifact-free means of arriving at a precise diagnosis, 
and we perform these techniques routinely when urodynamics 
are indicated. When multichannel studies are not routinely 
performed, they should be considered under the following 
circumstances:
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1. When simpler diagnostic tests have been inconclusive
2. When the patient complains of incontinence, but it cannot 

be demonstrated clinically
3. In patients who have previously undergone corrective 

surgery for incontinence
4. In patients who have previously undergone radical pelvic 

surgery, such as abdominoperineal resection of the rectum 
or radical hysterectomy

5. In patients with known or suspected neurologic disorders 
that may interfere with bladder or sphincter function (e.g., 
myelodysplasia, spinal cord injury, multiple sclerosis, her-
niated disk, cerebrovascular accident, Parkinson’s disease, 
multisystem atrophy).

Laboratory urodynamics are discussed in Chapter 11. The use 
of eyeball urodynamics is discussed here.

Eyeball Urodynamics
Eyeball urodynamics are performed with the patient in the lithot-
omy position. The patient should already have completed a 
bladder diary and, if incontinent, a pad test. The examiner should 
know the patient’s history and symptoms. She should be asked 
to void (and urofl ow measured, if available). After voiding, she 
should be asked whether that void was typical and if she felt that 
she emptied her bladder; if not, the data should not be considered 
with that perspective. A regional neurologic examination, includ-
ing the assessment of perineal sensation, anal tone and control, 
and bulbocavernosus refl ex,47 is performed. A Foley catheter or 
(preferably) a cystoscope is inserted, and postvoid residual urine 
is measured. A fl uid reservoir (i.e., 60-mL catheter tip syringe 
with its barrel removed or irrigation bag or bottle) is connected, 
and water or saline is then infused into the bladder by gravity. 
The syringe, bag, or bottle is lowered, and the meniscus is 
observed at the height that fl uid infl ow stops. The height (in 
centimeters) of the meniscus above the symphysis pubis  is the 
resting intravesical pressure. The bladder is fi lled, and in contra-
distinction to the recommendations of the ICS, the patient is told 
to neither void nor try to inhibit micturition; rather, she is 
instructed to report her sensations to the examiner. When she 

perceives the urge to void, she is asked if that is the usual feeling 
that she experiences when she needs to urinate. Changes in intra-
vesical pressure are apparent as a slowing down in the rate of fall 
or a rise in the level of the fl uid meniscus. A change in pressure 
may be caused by a detrusor contraction, an increase in abdomi-
nal pressure, or low bladder wall compliance. As soon as a change 
in pressure occurs, the examiner should attempt to determine the 
cause. Visual inspection usually belies abdominal straining, but 
in doubtful cases, the abdomen should be palpated. In most 
instances, the cause of the rise in intravesical pressure is obvious, 
but when in doubt, formal cystometry with rectal pressure moni-
toring is necessary.

Any sudden rise in pressure that is accompanied by an urge 
to void or by incontinence is an involuntary detrusor contrac-
tion. In some instances, the cause of the patient’s incontinence is 
easily discernable because she voids uncontrollably around the 
catheter during an involuntary detrusor contraction. If involun-
tary detrusor contractions do not occur, the bladder is fi lled until 
a normal urge to void is experienced. The bladder is left full, and 
the catheter is removed. The presence or absence of gravitational 
urinary loss is noted. The patient is asked to cough and bear 
down with gradually increasing force to determine the ease with 
which incontinence is produced, and the vagina is inspected for 
signs of prolapse.

Incontinence that occurs during stress is not always caused by 
sphincter abnormalities. In some patients, the stress initiates a 
refl ex detrusor contraction. This condition has been called stress 
hyperrefl exia. It is important to determine whether the leakage is 
accompanied by descent of the bladder base and urethra. It 
should be further noticed whether the leakage stops as soon as 
the stress is over or the patient continues to void uncontrollably. 
In the former case, the patient has stress incontinence; in the 
latter, it is stress hyperrefl exia.

If the patient complains of urinary incontinence, but it has 
not been demonstrated, the examination should be repeated in 
the standing position as described previously. Under ordinary 
circumstances, no patient should undergo invasive or irreversible 
treatment until the cause of the incontinence has been clearly 
demonstrated.
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Chapter 8

IMAGING OF THE FEMALE 
GENITOURINARY TRACT
Steven S. Raman and Lousine Boyadzhyan

REVIEW OF IMAGING MODALITIES

Projectional Radiography

In uroradiology, the role of projectional radiography, once an 
integral part of diagnosis, has been steadily diminishing as cross-
sectional techniques have become more advanced (Fig. 8-1). X-
ray–based images are now routinely captured on digital media 
instead of fi lm, enabling rapid storage on a central server with 
multiple display options, including a picture archiving and 
retrieval system (PACS), or for distribution on the Internet. 
However, the principles of x-ray–based diagnosis have not 
changed. An image is formed when diagnostic-range x-ray energy 
interacts with the electron cloud of different human tissues (i.e., 
bone, soft tissue [water], fat, and air). The different electron 
densities of these tissues allow various degrees of x-ray beam 
penetration, resulting in differences in exposure (i.e., shades of 
gray) on the receptor fi lm or digital media. Most naturally occur-
ring electron-dense structures, such as calcifi ed bone or dental 
enamel, attenuate x-ray energy strongly and by convention 
appear white on the conventional or digital receptor. Conversely, 
the least electron-dense substances, such as gas, allow almost 99% 
of x-ray energy to penetrate the tissue and reach the receptor, and 
by convention, these images are black. Between these two 
extremes are the shades of gray, which represent the summation 
of various three-dimensional (3D) electron densities on a two-
dimensional (2D) receptor. Perception and interpretation of pro-
jectional images is highly operator dependent and requires a large 
degree of experience for proper interpretation.

Because it is easy to visualize structures at extremes of the 
spectrum of beam penetrance, calcifi ed structures such as most 
urologic stones (i.e., white) or gas (i.e., black) can be seen well. 
However, most solid and fl uid-fi lled organs are essentially of 
water density and are distinguished on radiographs by the relative 
contrast provided by relatively radiolucent fat.

A patterned approach to the abdominal radiograph is useful 
for instruction. On most radiographs, the lower poles of the 
kidneys are apparent with a laterally divergent axis that usually 
parallels the psoas muscles when visualized. Renal calculi are 
usually seen as ovoid or toothlike opacities overlying the kidneys 
or proximal ureters. They are more diffi cult to detect over the 
distal ureter because contrast is reduced by overlying bony pelvis. 
Gas projecting over the bladder is usually seen after recent Foley 
catheterization, but it may be caused by infections and fi stulas. 
Bony abnormalities should not be overlooked because they can 
represent metastatic disease or suggest a neurogenic bladder, 
especially in patients with spinal abnormalities.1

To address the problem of poor soft tissue attenuation differ-
ences and to image gross pathologic conditions, various radio-

graphic contrast agents (usually iodinated agents with high 
electron density especially suited for x-ray interaction) were 
introduced into the fi eld of uroradiology. The fi rst introduction 
of retrograde urothelial injection agents in the 1920s was fol-
lowed by the development of intravascular contrast agents, giving 
rise to intravenous urography, a mainstay of uroradiology for 
renal and ureteral evaluation for almost 50 years (Figs. 8-2 and 
8-3).2 A large variety of catheter-injected uroradiologic studies 
were developed for niche applications, including urethrograms, 
cystograms, pyelograms, loopograms, nephrostograms, and 
supra pubic cystograms.

Fluoroscopy

Fluoroscopy is the dynamic counterpart of static projectional 
radiography because it displays real-time images of a particular 
process under investigation. During fl uoroscopic studies, a low 
dose of continuous x-ray beams passes through the patient to an 
image intensifi er to generate images on a high-resolution televi-
sion monitor.3 The examiner can obtain a series of individual 
snapshots (i.e., frames per second) of the process, so-called spot 
fi lms, or a real-time movie such as evaluation of dynamic pro-
cesses for storage and review. However, fl uoroscopic imaging is 
best performed with iodinated contrast material for genitouri-
nary applications. Fluoroscopy is most useful for vascular appli-
cations, but it may be used for real-time evaluation of ureteral 
peristalsis; bladder fi lling and emptying, especially during voiding 
(i.e., voiding cystourethrography [VCUG]); and guiding a variety 
of genitourinary interventions, such as nephrostomy tube 
placement.

Cystography and Voiding Cystoureterography
Cystography can be done in a static fashion or as VCUG. During 
static cystography, contrast material is instilled into the bladder 
through a Foley catheter, and various views of the full bladder 
are taken along with postdrainage views. This examination is 
usually indicated in cases of suspected bladder rupture, low-
pressure vesicoureteral refl ux, or a vesical fi stula. It can also be 
useful in the assessment of intravesical fi lling defects, bladder 
diverticula, or lower urinary tract congenital anomalies. In an 
update to conventional cystography, the study may be modifi ed 
and performed as a computed tomography (CT)–based examina-
tion for almost all indications, especially in the setting of trauma.

VCUG is performed as an adjunct to a cystogram to determine 
the morphology of the bladder and urethra, especially if high-
pressure vesicoureteral refl ux and related complications are sus-
pected. The bladder is fi lled, as in static cystography, followed by 
fl uoroscopy and/or a video recording of the voiding process once 
the catheter is removed.1

86

Ch008-X2339.indd   86 1/31/2008   2:12:50 PM



 Chapter 8 IMAGING OF THE FEMALE GENITOURINARY TRACT 87

Video Urodynamics
In video urodynamics (VUDs), multichannel urodynamic meas-
urements are combined with concomitant fl uoroscopic VCUG 
to determine whether morphologic fi ndings with regard to 
bladder function and its outlet correlate with physiologic meas-
urements. It is therefore possible to go beyond the level of a 
simple VCUG or cystometry by obtaining simultaneous meas-
urements of abdominal and vesical pressures under fl uoroscopic 
guidance. In addition to revealing a great deal about dynamics of 
the bladder and its outlet, VUDs has led to greater diagnostic and 
therapeutic effi cacy. With modern advent of digital recording, 
the examiner can manipulate the data with various software 
packages with incorporation of other clinical information and 
statistical calculations to maximize the yield even further. Some 
of the most common indications for VUDs in women are various 

A

B
Figure 8-1 Endometriosis implants in the colon are seen on a plain 
fi lm (A) as fi lling defects, which were later confi rmed with 
transabdominal ultrasound (B).

A

B
Figure 8-2 Tubular ectasia in the kidney is shown by traditional 
intravenous pyelogram (A) and computed tomography (B).

kinds of incontinence; bladder outlet obstruction, as can be seen 
in urethral obstruction; neuropathic bladder due to a variety of 
neurologic disorders; geriatric incontinence; urinary diversion; 
and unidiversion.4

The main problem with VUDs is that it often may not repro-
duce the presenting symptoms of the patient because it is 
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nonphysiologic in nature and is performed in surroundings unfa-
miliar to the patient. The presence of severe grades of cystoceles, 
rectoceles, enteroceles, and uterine prolapse can lead to a rather 
unreliable interpretation of the examination results. In such 
clinical scenarios, it is especially important to repeat the study in 
a variety of positions to assess the severity of the pelvic fl oor 
pathology present in a given patient. Despite these limitations, 
VUDs is still highly recommended in patients with postoperative 
incontinence and in neuropathic and refractory cases.4

Intravenous Urography and Pyelography
The traditional intravenous urogram (IVU), which is used to 
evaluate the kidneys, kidney function, and ureteral excretion and 
function, has undergone a radical transformation over the past 
10 years, with increasing resolution and performance of CT, 
magnetic resonance imaging (MRI), and ultrasound (see Figs. 
8-2 and 8-3). Evaluation of the kidneys is best performed with 
contrast-enhanced CT or MRI (Figs. 8-4 and 8-5). Evaluation of 
the ureters also may be performed with CT or MRI, although a 
fl uoroscopic or radiographic examination, if performed pro perly, 
may be adequate, especially when detecting urothelial malignan-
cies. Advances in competing technologies have limited or severely 
restricted the clinical application of the IVU. The intravenous 
urogram is no longer indicated for many upper tract indications, 
such as renal mass evaluation and evaluation of acute renal colic, 
and is best reserved for evaluation of hollow parts of the urinary 
system, such as follow-up of patients with transitional cell 
carcinoma.1

A B
Figure 8-3 Papillary necrosis is shown by traditional intravenous pyelogram (A) and maximum intensity projection (MIP), from CTP urogram 
computed tomography (B). Note that they defect in the renal papilla in the liver poles are more easily seen on the MIP CT image.

Figure 8-4 Oblique coronal virtually rendered image shows detailed 
renal and vascular anatomy. Notice the small renal vein draining 
into the gonadal vein in the lower abdomen.
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Retrograde Pyelography
Retrograde pyelography allows morphologic evaluation of the 
collecting system and ureters. It involves retrograde injection of 
contrast material directly into the ureters after their cystoscopic 
cannulation to visualize the collecting system and the ureter 
without reliance on renal contrast excretion. It also is possible to 
biopsy suspected urothelial lesions in the course of the examina-
tion. Some of the most common indications for retrograde 
pyelography are further evaluation of congenital anomalies, 
urinary obstruction, and possible fi lling defects detected during 
other studies. However, because this is a rather invasive diagnos-
tic study associated with several potential complications, it usually 
is not used as an initial diagnostic procedure.1

Urethrography
Although most commonly used in male patients, urethrography 
occasionally is used in female patients by injecting contrast mate-
rial into the urethra directly. This examination can be especially 
useful in cases of urethral fi stulas and suspected urethral diver-
ticula that failed to opacify during voiding studies, as described 
in the preceding section.

Ultrasonography

In sonography, also referred to as ultrasound or ultrasonography, 
sound waves with frequencies in the range of 2 to 20 MHz are 

generated by an array of piezoelectric crystals in a hand-held 
transducer. These tightly focused, high-frequency sound waves 
are propagated through human tissues and refl ected back at 
tissue interfaces to the transducer’s crystals, subsequently pro-
ducing a diagnostic medical image.3 The choice of imaging fre-
quencies is determined by the size and composition of the tissue 
involved. Higher frequencies (>7 MHz) usually lead to improved 
spatial resolution at the expense of depth of imaging, whereas 
lower frequencies (2 to 5 MHz) enable imaging of deeper tissues 
with lower spatial resolution. The chief advantages of sonography 
are its lack of ionizing radiation, its real-time imaging capability, 
its 2D and 3D imaging capability, and its ability to depict fl ow 
direction and velocity in blood vessels and tissues.4 Disadvantages 
of sonography are its operator dependence and its inability to 
image through hollow viscera or bone. In urology, ultrasound is 
the initial test of choice for adult and pediatric renal and bladder 
imaging. A wide variety of pathologies, such as congenital anom-
alies, hydronephrosis, and vascular disorders, may be diagnosed. 
In bladder applications, it may be used to determine residual 
postvoid urine volume and to delineate the urethrovesical 
anatomy (Figs. 8-6 and 8-7).5

Sonography is integral to diagnosis in obstetrics and gynecol-
ogy (Figs. 8-8 and 8-9; see Fig. 8-1). The reproductive organs may 
be evaluated by means of transabdominal, transvaginal, or trans-
rectal approaches, as appropriate. Transvaginal and transrectal 
sonography enable high-resolution imaging of the uterus, adnexa, 
bladder, and pelvic side wall. For endometrial abnormalities, 

A B
Figure 8-5 Coronal maximum intensity projection (MIP) image generated with a 64-detector CT scanner in nephrographic (A) and excretory 
(B) phase demonstrates a cystic structure. It contains a stone adjacent to the fornix of the lower pole calyx on the left kidney, which displays 
delayed-contrast fi lling, suggesting a calyceal diverticulum.
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especially in the setting of vaginal bleeding, saline infusion hys-
terosonography, which involves catheterizing the endometrium 
and infusing saline during imaging, has become the initial test of 
choice in the evaluation of endometrial and subendometrial dis-
orders such as polyps, fi broids, and cancer (see Fig. 8-9).6,7 Endo-
anal ultrasonography enables high-resolution visualization of the 
anal sphincter muscles in patients with incontinence, as well as 
delineation of fi stulas, abscesses, and anal malignancies.5

Computed Tomography

Introduction of CT revolutionalized evaluation of the retroperi-
toneum and disorders of the upper urinary tract, essentially 
replacing most indications for the intravenous urogram (see Figs. 
8-2 to 8-5). Although many systems have been devised, on most 
CT scanners, a thin narrowly collimated beam of x-rays from a 

A B
Figure 8-6 Transverse views of the bladder on ultrasound show prevoid (A) and postvoid (B) bladder volume of urine.

Figure 8-7 Color doppler ultrasound of the bladder shows the 
urinary jet, which indicating urine fl ow from the right ureter in the 
blatter.

A

B
Figure 8-8 Sagittal views of the uterus in a female patient with 
menometrorrhagia were obtained from transabdominal (A) and 
transvaginal (B) approaches. In B, notice some endometrial 
displacement, which led to additional studies in this patient (see 
Fig. 8-9).
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generator rotates around a patient’s body on a ring in a continu-
ous circular arc. A panel of electronic x-ray detectors lies directly 
opposite the x-ray tube on the ring and converts the x-ray beams 
exiting the patient’s body into electronic signals, which are con-
verted by a computer to display the density of each point (i.e., 
voxel) of the region being scanned, eventually generating a cross-
sectional image. Helical multidetector CT (MDCT) scanners are 
confi gured to scan a volume of the body continuously. With 
MDCT, the principal advantages compared with conventional 
“step and shoot” CT are rapid, near-isotropic voxel (x = y = z) 
data acquisition with greater radiation dose effi ciency. With iso-
tropic voxels and sophisticated software, multiplanar and 3D 
imaging has become routine. Many postprocessing techniques 
exist, and two of the most useful are known as multiplanar re-
formation (MPR) and volume rendering (VR). These display 
techniques that are especially important for determining renal 
vascular anatomy, determining the relation of tumors to collect-
ing system and vessels, and detecting fi ne fi lling defects on excre-
tory CT urography. In the realm of female uroradiology, CT has 
become a well-established imaging modality for conditions such 
as congenital anomalies, tumors, acute and chronic infl amma-
tory diseases, and abscesses.

Magnetic Resonance Imaging

MRI provides unparalleled tissue contrast and multiplanar, high-
resolution imaging of urologic and pelvic fl oor structures without 
ionizing radiation. With MRI, a variety of tissues, such as muscle, 
fat, fl uid, blood, blood vessels, and bone marrow, may be delin-
eated with exceptional clarity (Figs. 8-10 to 8-12).8 In MRI, the 
water protons in the human body are magnetized by a main 
magnetic fi eld ranging between 1 and 3 Tesla. Using a variety of 
supplemental magnetic fi elds, a region of interest may be selected, 
and based on subtle magnetic fi eld perturbations of water protons 
and their various relaxation times, diagnostic images are obtained. 
Tissues such as fat and fl uid are differentiated based on their 
different relaxation properties by a variety of excitation algo-
rithms known as MR sequences. One of the most useful in 
urology and pelvic fl oor imaging is the half-Fourier acquisition 
turbo spin-echo (HASTE) or single-shot fast spin-echo (SSFSE) 
T2-weighted sequence. This is a rapid, cost-effective, and nonin-
vasive sequence that allows a multiplanar survey of the entire 
abdomen and pelvis within less than 1 minute. It may also be 
used to provide a dynamic study of the pelvic fl oor during relax-
ation and straining, providing superb anatomic detail survey of 

A B

C D
Figure 8-9 Series of transvaginal studies in a female patient presenting for a gynecologic evaluation of menometrorrhagia. Color (A) and 
power Doppler (B) images show a displaced endometrium with a heterogeneous structure demarcated (C), which has Doppler fl ow to it. 
After infusion of saline (D), an intracavitary solid mass can be seen protruding into the endometrial cavity. The mass was shown to be a 
submucosal myoma during surgery.
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the extent of suspected pelvic fl oor relaxation and pelvic organ 
prolapse. It is very likely that it will replace ultrasound for evalu-
ating women, even those with pelvic pain.9

Like CT, MRI may be performed with the use of contrast 
agents; gadolinium-diethylenetriamine penta-acetic acid (Gd-
DTPA), which is a water-soluble, inert agent excreted primarily 
through the kidneys. Advantages compared with iodinated agents 
include a much lower incidence of dose-related and idiosyncratic 
reactions. T1-weighted, gradient-echo MR sequences in combi-
nation with a small dose of gadolinium contrast enables a com-
prehensive evaluation of the kidneys and ureters, similar to CT 
and CT urography, without ionizing radiation or iodinated con-
trast risk. T2-weighted sequences enable differentiation of cysts, 
tumors, and normal tissue parenchyma.

In patients with hydronephrosis, use of the HASTE T2-
weighted sequence enables acquisition of the collecting system, 
including the calyces, pelvis, and ureters. MRI with T1- and T2-
weighted sequences can be used for urinary tract disorders in 
pregnant patients without any radiation exposure risk to the 
fetus.10 Endoanal MRI is an invaluable method for assessing the 
integrity of the anal sphincter components in patients with 
incontinence.

CLINICAL APPLICATIONS

Bladder Imaging

MDCT and MRI have enabled more sophisticated, noninvasive 
bladder imaging primarily because of their unparalleled resolu-
tion and multiplanar display (Figs. 8-13 to 8-15). Both methods 

Figure 8-10 Sagittal magnetic resonance image shows the detailed 
anatomy of a post-hysterectomy patient.

Figure 8-11 Vaginal coil magnetic resonance imaging provides a 
detailed view of the urethral mucosa.

A

B
Figure 8-12 Magnetic resonance imaging used in staging cervical 
cancer. The tumor is shown to protrude into the vaginal fornix 
(A, arrows) with its walls clearly intact (B, arrowheads).
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can easily detect bladder fi lling defects, demonstrate bladder-
related fi stulas, and determine the extent of extravesicular tumor 
invasion. Based on the isotropic MR or CT 3D data sets, a virtual 
cystogram, similar to more clinically accepted virtual colonos-
copy techniques, can be performed. Using 2D and 3D methods, 
CT and MRI have shown very high correlation with conventional 
cystoscopy in the detection of bladder lesions that are 0.5 cm or 
larger. Although CT and MRI are limited in detecting small and 
intramuscular lesions of the muscle layer of the bladder, contrast-
enhanced techniques may help improve this approach. However, 
in cases of invasive neoplasms, MRI has been shown to be supe-
rior to transvesical ultrasound, clinical staging, and CT.11,12 

A B
Figure 8-13 Coronal virtually rendered images of bilateral, simple ureteroceles obtained with multidetector computed tomography show 
bilateral, mild intramural dilation at the opening into the urinary bladder fi lled with contrast medium (A). Radiolucent layers of adjacent 
mucosa and contrast-fi lled surrounding bladder resemble a cobra head (B).

Figure 8-14 A coronal virtually rendered image obtained with 
multidetector computed tomography shows a double collecting 
system on the right.

Figure 8-15 A sagittal magnetic resonance image shows cervical 
carcinoma in the lower third of the vagina invading the bladder 
(arrows).
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Although intraluminal ultrasound has been reported as an 
imaging technique for staging of bladder neoplasms, this applica-
tion is limited to a handful of medical centers in the country and 
has not gained widespread acceptance.4

MRI can be used for dynamic imaging studies of the pelvic 
fl oor, enabling assessment of pelvic fl oor musculature and organs 
during relaxation phases and Valsalva maneuvers. MRI produces 
superb soft tissue detail without radiation or contrast exposure 
to help triage patients with a range of diffi cult-to-manage prob-
lems such as pelvic fl oor disorders and urinary and rectal incon-
tinence. In the daily practice of uroradiology, ultrasonography 
has remained a rather useful modality in the determination of 
the postvoid residual urine volume and for characterizing the size 
and location of bladder diverticula, neoplasms, and radiolucent 
calculi.4

Urethral Imaging: Urethral Diverticula

Traditionally, VCUG has been the imaging study of choice for 
urethral diverticula. However, some investigators have shown 

that high-resolution, fast spin-echo MRI has a higher sensitivity 
for detecting such diverticula and a higher negative predictive 
rate than double-balloon urethrography. Other experts in the 
fi eld believe that a combination of VCUG and MRI leads 
to a more accurate diagnosis and localization of the lesion 
(Fig. 8-16).13

Vaginal Imaging: Benign Cystic Lesions

Benign cystic lesions of the vagina are a relatively common 
fi nding in female urologic practice and represent a spectrum of 
abnormalities ranging from an asymptomatic small fi nding to a 
cyst large enough to cause incontinence or urinary obstruction. 
They can originate in the vagina or the urethra and the surround-
ing tissues. Some of the more common examples of vaginal 
lesions are müllerian cysts, epidermal inclusion cysts, Gartner’s 
duct cysts, Bartholin’s gland cysts, and endometriotic-type cysts 
(Figs. 8-17 and 8-18).14

In addition to a careful physical examination, an imaging 
study is warranted to characterize lesions. Overall, the most 

Figure 8-16 An infl amed cystic periurethral cyst led to a urethral 
diverticulum (arrows), which is depicted on magnetic resonance 
imaging (A and B) and ultrasound (C).

A

C

B
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useful imaging modalities are sonography and MRI, although CT 
and VCUG may be useful on occasion.15 For instance, when 
evaluating a Skene duct cyst, it must be differentiated from a 
urethral diverticulum to assist in proper surgical planning, poten-
tially preventing complications such as urethrovaginal fi stulas. 
Pelvic MRI is useful for this purpose, because it enables the clini-
cian to determine whether there is a communication between the 
lesion and the urethra, leading to the correct diagnosis.15 Ultra-
sound, CT, or MRI can be used to detect a Bartholin duct cyst.

Uterine Imaging

Transvaginal and transabdominal sonography are the most 
widely used imaging modalities for the detection and character-
ization of a wide variety of uterine anomalies and pathologies. 
Common indications include evaluation of congenital uterine 
anomalies; assessment of uterine leiomyomas in women with 
related symptoms such as pelvic pain, pressure, or heavy bleed-
ing; and assessment of the endometrium. Hysterosonography, 
which involves instilling saline during continuous endovaginal 
sonographic uterine imaging, is particularly useful for detecting 
endometrial polyps, tumors, and leiomyomas.16,17 However, over 

the past few years, MRI has emerged as the defi nitive imaging 
modality for evaluation of uterine disorders. MRI enables evalu-
ation of the uterine zonal anatomy with clear T2-weighted signal 
differences between endometrium (i.e., bright), junctional zone 
(i.e., dark), and myometrium (i.e., intermediate). If the appropri-
ate views are acquired, a variety of congenital fusion anomalies, 
such as septate uterus and bicornuate uterus with obstructed 
horns, can be demonstrated.18 Associated anomalies of the 
kidneys are also easily demonstrated. MRI is considered to be the 
best noninvasive method of assessment for women with symp-
toms related to uterine leiomyomas and adenomyosis (Fig. 8-19 
and Fig. 8-20). MRI is the best modality to determine the vascular 
supply of pelvic vascular malformations and has been shown to 
be highly accurate in local staging of endometrial and cervical 
cancer.

MR angiography is performed with MRI to assess the arterial 
supply and venous drainage to the uterus. It is especially useful 
in delineating the collateral supply through the gonadal arterial 
branches.

Endometriosis Imaging

Laparoscopy has traditionally been the gold standard for diagno-
sis of endometriosis, which most commonly manifests as small 
implants with or without related adhesions on the parametrial 
surfaces, uterosacral ligament, ovaries, serosal surface of the 
uterus, and the cul-de-sac. Because laparoscopy is an invasive 
technique and visual inspection of the pelvis has limitations, 
especially in the diagnosis of retroperitoneal implants, major 
efforts are being made in the fi eld of female urogynecology to 
improve the diagnostic utility of current noninvasive imaging 
modalities. Transvaginal ultrasonography and contrast-enhanced 
MRI have been used for noninvasive diagnosis and clinical 
follow-up of patients with endometriosis (Fig. 8-21; see Fig. 8-1). 
They allow imaging of the retroperitoneal space for determining 
the presence and characterization of deep pelvic endometriosis 
and bowel involvement.19,20

Although patients with endometriosis more commonly 
present to their gynecologists, these ectopic endometrial implants 
can create urinary symptoms due to direct bladder involvement 
or deep pelvic involvement causing ureteral obstruction. These 
patients therefore often present to urologists for clinical and 
radiographic evaluation. Bladder endometriosis, which is not 
easily palpable on vaginal examination, may mimic interstitial 
cystitis and interfere with bladder function.21,22 In experienced 
hands, transvaginal ultrasonography performed on a slightly 
fi lled bladder can detect solid nodules (>0.5  cm) within the pos-
terior bladder wall that cause urinary symptoms in these patients 
with dysmenorrhea. The presence of low to moderate vascularity 
demonstrated by color Doppler signal within these nodules and 
focal pain precipitated by mild pressure applied with the vaginal 
probe in the involved area helps confi rm the diagnosis when 
suspected.19,20 Nodules in the cul-de-sac may be biopsied trans-
vaginally or percutaneously for confi rmation. A high-resolution, 
contrast-enhanced MR scan of the pelvis at a fi eld strength of 1.5 
or 3 Tesla may help diagnose large, focal implants or confl uent, 
small implants on the peritoneal surfaces by the fi ndings of a 
concomitant thickened peritoneum and enhancement.

Adnexal Imaging

A comprehensive examination of the female pelvis mandates 
evaluation of the adnexa for determining the ovarian volume, 

A

B
Figure 8-17 A Gartner’s duct is depicted on ultrasound (A, arrows) 
and magnetic resonance (MR) imaging (B, arrow). Notice the usual 
anterolateral paravaginal location, with the cyst typically bright on 
T1-weighted and dark on T2-weighted MR sequences.
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assessing blood fl ow, and detecting and characterizing masses, 
especially in any evaluation of pelvic pain and other genitouri-
nary symptoms. Functional ovarian disorders such as polycystic 
ovary syndrome also may be detected with limited sensitivity. In 
premenopausal women, ovarian ultrasonography has been the 
primary imaging modality for benign and pathologic adnexal 

A B
Figure 8-18 An inclusion cyst is shown fi rst on a magnetic resonance image (A) and then in the operating room (B).

Figure 8-19 Leiomyomas are appreciated on a sagittal magnetic 
resonance image.

entities. However, MRI has become an invaluable addition in this 
fi eld because of its superb soft tissue characterization, contrast 
resolution, and multiplanar capabilities. MRI enables the imager 
to determine with certainty whether a given mass is ovarian or 
extraovarian, which is an important distinction in evaluating the 
malignant potential of a tumor. It also plays an essential role in 
characterizing benign adnexal diseases such as mature teratomas, 
endometriomas, and ovarian fi bromas because of their specifi c 
MR features (Fig. 8-22). For instance, MRI can delineate the 
internal architecture of cystic masses, such as thick internal septa-
tions and enhancing mural nodularity, especially after adminis-
tration of Gd-DTPA-based contrast.8

Pelvic Infl ammatory Disease Imaging

Most ovarian infections in the Western world result from pelvic 
infl ammatory disease of bacterial origin. They classically manifest 

Figure 8-20 Focal adenomyoma (arrowheads) and leiomyoma 
(arrow) are present on the same sagittal T2 Haste magnetic 
resonance image.
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with abdominal pain, fever, and an elevated white blood cell 
count. Some patients may present with vaginal discharge and 
urinary complaints. Involvement of the ovaries in this process 
usually results from salpingitis. In cases of delayed diagnosis and 
inadequate treatment, disease can progress to cause a tubo-
ovarian abscess (TOA) (Fig. 8-23). In up to 20% of cases of 
infection that result in TOAs, the patients are afebrile and have 
normal white blood cell counts.23

The gold standard for the diagnosis of pelvic infl ammatory 
disease is laparoscopy and tubal culture; the sensitivity and speci-
fi city of transvaginal ultrasound has not been reported in the lit-
erature.23 Sonography is relied on heavily in the initial evaluation 
of a patient, because it can show pelvic and endometrial fl uid in 
addition to other characteristic fi ndings. Pyosalpinx and hydro-
salpinx appear as cystic structures, with internal echoes resulting 

in adnexal distortion.24 A TOA usually appears as a well-defi ned, 
thick-walled, tubular structure, containing fl uid-debris levels 
within the abscess. Most clinicians advocate a follow-up CT scan 
of the abdomen and pelvis to fully characterize any other intra-
abdominal collections to prepare for a subsequent drainage pro-
cedure, especially when the abscesses do not respond to an 
antimicrobial treatment.25

When the clinical and ultrasonographic fi ndings are 
questionable, MRI can play an important role (see Fig. 8-23). 
Pyosalpinx typically appears as a fl uid-fi lled, tortuous, and 
dilated structure, and the signal intensity of the fl uid depends 
on its viscosity and protein concentration. It is usually ap-
preciated as a hypointense area on T2-weighted sequences in 
the peripheral area of a hyperintense, pus-fi lled cavity. The 
adjacent infl amed structures usually have low signal intensity 

A B
Figure 8-21 Endometriosis is appreciated on ultrasound (A and B, arrow), which classically manifests as a cystic mass with diffuse, low-level 
echoes. Notice the septations, fl uid-fl uid levels, unilocularity or multilocularity, and an echogenic retracting clot.

A B
Figure 8-22 Endometrioma is appreciated on magnetic resonance imaging with T1-weighted (A) and T2-weighted (B) sequences. Notice 
characteristic high T1 and low T2 appearances, caused by high protein and iron content from recurrent bleeding and grading within the 
lesion.
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on T1-weighted sequences and intermediate to high signal 
intensity on T2-weighted MR images. Wall enhancement and 
thickening usually have greater signal intensity than those ob-
served with hydrosalpinx. The TOA is usually a thick-walled, 
fl uid-fi lled mass in an adnexal location with signifi cant wall 

enhancement and adjacent soft tissue infl ammation charac-
terized by similarly intense enhancement.8 The most specifi c 
sign of an abscess is the presence of internal gas bubbles, best 
appreciated on T2-weighted sequences due to differences in mag-
netic susceptibility.26

A B
Figure 8-23 A tubo-ovarian abscess is appreciated on sagittal (A) and axial (B) magnetic resonance images in a patient who presented with 
fever and chills after a uterine artery embolization procedure.
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Chapter 9

PELVIC FLOOR ULTRASOUND
Hans Peter Dietz

The increasing availability of ultrasound and magnetic resonance 
imaging (MRI) equipment has triggered a renewed interest in 
diagnostic imaging in female urology and urogynecology, after 
radiologic methods, developed since the 1920s,1-6 had largely 
fallen into disuse. Because of cost and access problems, MRI has 
had limited clinical use in the evaluation of pelvic fl oor disorders, 
and until recently, slow acquisition speeds have precluded 
dynamic imaging. In contrast, ultrasound is almost universally 
available and provides real-time observation of diagnostic 
maneuvers. Beginning in the 1980s, transabdominal,7,8 peri-
neal,9,10 transrectal,11 and transvaginal ultrasound12 have been 
investigated for use in women with urinary incontinence and 
pelvic organ prolapse. Because of its noninvasive nature, ready 
availability, and the absence of distortion, perineal or translabial 
ultrasound has become the most widely used method.

The development of three-dimensional (3D) ultrasound13,14 
has opened up new diagnostic possibilities. The fi rst attempts at 
producing 3D-capable systems were made in the 1970s, when 
processing a single volume of data required 24 hours of computer 
time on a system that fi lled a small room.15 Such data processing 
is now possible on a laptop computer and is achieved in real time. 
Transvaginal, transrectal, and translabial 3D ultrasound tech-
niques have been reported, and signifi cant development in this 
fi eld is likely to occur in the next few years.

TWO-DIMENSIONAL PELVIC FLOOR ULTRASOUND

Basic Methodology

Because translabial ultrasound is the most commonly used 
modality for pelvic fl oor evaluation, it is the focus of this chapter. 
A modifi cation of the translabial or transperineal technique is 
introital imaging, which typically uses high-frequency endocavi-
tary transducers placed in the introitus. This results in higher 
resolution of urethra and paraurethral tissues or of the anal 
sphincter complex, but it does not allow simultaneous imaging 
of all three compartments and may complicate quantifi cation of 
fi ndings because the symphysis pubis may not be included in the 
fi eld of vision. Distortion of tissues is also more likely. However, 
most of the following discussion also applies to this technique.

A midsagittal view is obtained by placing a transducer (usually 
a curved array with frequencies between 3.5 and 9 MHz) on the 
perineum (Fig. 9-1) after covering the transducer with a glove or 
thin plastic wrap for hygienic reasons. Powdered gloves can 
markedly impair imaging quality because of reverberations and 
should be avoided. Imaging can be performed with the patient 
in the dorsal lithotomy position, with the hips fl exed and slightly 
abducted, or in the standing position. Bladder fi lling should be 
specifi ed; for some applications, prior voiding is preferable, and 
a full bladder can prevent complete development of a prolapse. 
The presence of a full rectum may also impair diagnostic accu-

racy and sometimes necessitates a repeat assessment after bowel 
emptying. Parting of the labia can improve image quality, which 
is optimal in pregnancy and poorest in menopausal women with 
marked atrophy, most likely due to various levels of tissue hydra-
tion. The transducer usually can be placed quite fi rmly against 
the symphysis pubis without causing signifi cant discomfort, 
unless there is marked atrophy. The resulting image includes the 
symphysis pubis (specifi cally, the interpubic disk) anteriorly, the 
urethra and bladder neck, the vagina, cervix, rectum, and anal 
canal (see Fig. 9-1) with the internal and external anal sphincter. 
Posterior to the anorectal junction, a hyperechogenic area indi-
cates the central portion of the levator plate, the puborectalis-
pubococcygeus (or pubovisceral) muscle. The cul-de-sac may 
also be seen as fi lled with a small amount of fl uid, echogenic fat, 
or peristalsing small bowel. Parasagittal or transverse views may 
yield additional information, such as enabling assessment of the 
puborectalis muscle and its insertion on the on the pelvic sidewall 
and imaging of transobturator implants.

There has been disagreement regarding image orientation in 
the midsagittal plane. Some clinicians prefer orientation as in 
the standing patient facing right,16 which requires image inver-
sion on the ultrasound system, a facility that is not universally 
available. Others (including me) prefer an orientation as on con-
ventional transvaginal ultrasound (i.e., cranioventral aspects to 
the left, dorsocaudal to the right). The latter orientation seems 
more convenient when using 3D or 4D systems because it auto-
matically results in rendered volumes that are oriented as on 
conventional MRI of the pelvic fl oor (discussed later). Because 
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Figure 9-1 Drawing of the fi eld of vision for translabial or perineal 
ultrasound in the midsagittal plane. Image adapted from Ultrasound 
Obstet Gynecol 2004; 23:80-92, with permission.

Ch009-X2339.indd   100 1/31/2008   2:13:36 PM



 Chapter 9 PELVIC FLOOR ULTRASOUND 101

any image reproduced in one of these orientations can be con-
verted to the other by rotation through 180 degrees, formal 
standardization may be unnecessary. Orientations that require 
mirroring for conversion should be avoided.

Translabial ultrasound of the lower urinary tract, even if 
limited to B-mode imaging in the midsagittal plane, yields infor-
mation equivalent or superior to the lateral urethrocystogram 
(Fig. 9-2, shown rotated by 180 degrees for comparison) or fl uo-
roscopic imaging. Comparative studies have mostly shown good 
correlation between radiologic and ultrasound data.11,17-22 The 
one remaining advantage of x-ray fl uoroscopy may be the ease 
with which the voiding phase can be observed, although some 
investigators have used specially constructed equipment to docu-
ment voiding with ultrasound.23

Bladder Neck Position and Mobility

Bladder neck position and mobility can be assessed with a high 
degree of reliability. Points of reference are the central axis of the 
symphysis pubis24 or its inferoposterior margin.17 The former 
may be more accurate because measurements are independent of 
transducer position or movement; however, because of calcifi ca-
tion of the interpubic disk, the central axis is often diffi cult to 
obtain in older women, reducing reliability. Imaging can be 
undertaken with the patient supine or erect and with a full or 
empty bladder. The full bladder is less mobile25 and may prevent 
complete development of pelvic organ prolapse. In the standing 
position, the bladder is situated lower at rest but descends about 
as far as in the supine patient during a Valsalva maneuver.26 
Either way, it is essential to not exert undue pressure on the 
perineum to allow full development of pelvic organ descent, 
although this may be diffi cult in women with severe prolapse, 
such as vaginal eversion or procidentia.

Measurements of bladder neck position are generally per-
formed at rest and during maximal Valsalva maneuver. The dif-

ference yields a numeric value for bladder neck descent. During 
a Valsalva maneuver, the proximal urethra may rotate in a pos-
teroinferior direction. The extent of rotation can be measured by 
comparing the angle of inclination between the proximal urethra 
and any other fi xed axis (Fig. 9-3). Some investigators measure 
the retrovesical (or posterior urethrovesical) angle between prox-
imal urethra and trigone (see Fig. 9-3).27 Others determine the 
angle γ between the central axis of the symphysis pubis and a line 
from the inferior symphyseal margin to the bladder neck.28,29 Of 
all the ultrasound parameters of hypermobility, bladder neck 
descent may have the strongest association with urodynamic 
stress incontinence.30 The reproducibility of this dynamic meas-
urement has been assessed,31 with a percent variation or coeffi -
cient of variation of 0.16 between multiple effective Valsalva 
maneuvers, 0.21 for interobserver variability, and 0.219 for a 
test-retest series at an average interval of 46 days. Intraclass cor-
relations were between 0.75 and 0.98, indicating excellent 
agreement.31

There is no defi nition of normal for bladder neck descent, 
although cutoffs of 20 and 25 mm have been proposed to defi ne 
hypermobility. Average measurements in stress-incontinent 
women are consistently around 30 mm (HP Dietz, unpublished 
data). Figure 9-4 shows a relatively immobile bladder neck before 
a fi rst delivery and a marked increase in bladder neck mobility 
after childbirth. Figure 9-5 demonstrates typical ultrasound fi nd-
ings in a stress-incontinent patient with a fi rst-degree cystoure-
throcele, 25.5 mm of bladder neck descent, and funneling. 
Bladder fi lling, patient position, and catheterization infl uence 
measurements,25,26,32,33 and it sometimes is diffi cult to obtain an 
effective Valsalva maneuver, especially in nulliparous women. 
Perhaps not surprisingly, publications have presented widely dif-
ferent reference measurements in nulliparous women. Although 
two series documented mean or median bladder neck descent of 
only 5.1 mm34 and 5.3 mm35 in continent, nulliparous women, 
another study of 39 continent, nulliparous volunteers measured 

Figure 9-2 Lateral urethrocystogram with a bead chain outlining the urethra. The images are rotated by 180 degrees to allow comparison 
with standard translabial ultrasound views. The image on the left was obtained with the patient at rest; the image on the right was obtained 
during a Valsalva maneuver. Reproduced from Ultrasound Obstet Gynecol 2004; 23:80-92, with permission.
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102 Section 2 EVALUATION AND DIAGNOSIS

an average bladder neck descent of 15 mm.36 The author has 
obtained bladder neck descent measurements of 1.2 to 40.2 mm 
(mean, 17.3 mm) in a group of 106 stress-continent, nulligravid 
women between the ages of 18 and 23 years.37 It is likely that 
methodologic differences, such as patient position, bladder 
fi lling, and quality of the Valsalva maneuver (i.e., controlling for 
confounders such as concomitant levator activation), account for 
the meas urement discrepancies, with all known confounders 
tending to reduce descent. Attempts at standardizing Valsalva 
maneuvers38,39 have not found widespread application because 
this requires intra-abdominal pressure measurement (i.e., use of 
a rectal balloon catheter). Other methods, such as the use of a 
spirometer, are likely to lead to suboptimal Valsalva maneuvers; 
the pressures used in the one study describing the use of such a 

device38 were clearly insuffi cient to achieve maximal or even 
near-maximal descent.39

The cause of increased bladder neck descent is likely to be 
multifactorial. The wide range of values obtained in young, nul-
liparous women suggests a congenital component, and a twin 
study has confi rmed a high degree of heritability for anterior 
vaginal wall mobility.44 Vaginal childbirth45-47 is probably the 
most signifi cant environmental factor (see Fig. 9-4), with a long 
second stage of labor and vaginal operative delivery associated 
with increased postpartum descent of the bladder neck.47 This 
association between increased bladder descent and vaginal parity 
is also evident in older women with symptoms of pelvic fl oor 
dysfunction.48 While the pelvic fl oor is undoubtedly affected by 
labor and delivery, it has been speculated that progress in labor 

A

B
Figure 9-3 The ultrasound image (A) and line drawing (B) illustrate some of the parameters measured to quantify bladder and urethral 
mobility: the location of the bladder neck relative to the symphysis pubis (coordinates x-r, y-r, x-s, y-s), urethral rotation and retrovesical 
angle (RVA). This fi gure is reproduced from Br J Obstet Gynecol 2005; 112:334-339, with permission.

Figure 9-4 Immobile bladder neck (bladder neck distance [BND] = 6 mm) before childbirth (left pair of images) and a marked increase in 
bladder neck mobility (BND = 38.1 mm) after vaginal delivery (right pair of images). The fi gure is reproduced from Obstet Gynecol 2003; 
102:223-228, with permission.
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may not be independent of pelvic fl oor biomechanics.49 Anterior 
vaginal wall mobility during a Valsalva maneuver was found to 
be a potential predictor of progress in labor in two independent 
studies.50,51

Funneling

In patients with stress incontinence and in asymptomatic 
women,40 funneling of the internal urethral meatus may be 
observed during a Valsalva maneuver (see Fig. 9-5) and some-
times even at rest. Funneling is often associated with leakage. 
Other indirect signs of urine leakage on B-mode real-time 
imaging are weak gray-scale echoes (i.e., streaming) and the 
appearance of two linear echoes defi ning the lumen of a fl uid-
fi lled urethra. However, funneling may also be observed in 
patients with urge incontinence, and it cannot be used to prove 
urodynamic stress incontinence. Its anatomic basis is unclear, 
but marked funneling is associated with poor urethral closure 
pressures.41,42

Classifi cations developed for the evaluation of radiologic 
imaging43 can be modifi ed for ultrasound; however, this approach 
is not generally accepted. The most common fi nding in cases of 
bladder neck hypermobility is a so-called rotational descent of 
the internal meatus (i.e., proximal urethra and trigone rotate 
around the symphysis pubis in a posteroinferior direction). In 
these cases, the retrovesical angle opens to up to 160 to 180 
degrees from a normal value of 90 to 120 degrees, and the change 
in the retrovesical angle usually is associated with funneling. 
Often, there seems to be increased mobility of the entire urethra. 
A cystocele with intact retrovesical angle (90 to 120 degrees) is 
frequently seen in continent patients with prolapse (Fig. 9-6), and 
distal and central urethral fi xation to the pubic rami usually 
seems to be relatively normal, resulting in urethral kinking. It has 
been surmised that this confi guration distinguishes a central 
from a lateral defect of the endopelvic fascia,16 although proof for 

this hypothesis is lacking. Marked urethral kinking in these 
patients may protect against stress incontinence but can lead to 
voiding dysfunction and urinary retention. Occult stress incon-
tinence may be unmasked once a successful prolapse repair pre-
vents urethral kinking.

Color Doppler

Color Doppler ultrasound has been used to demonstrate urine 
leakage through the urethra during a Valsalva maneuver or 
coughing.58 Agreement between color Doppler and fl uoroscopy 
results was high in a controlled group with indwelling catheters 
and identical bladder volumes.59 Color Doppler ultrasound 
velocity (Fig. 9-7) and energy mapping (Color Doppler or power 
Doppler) (Fig. 9-8) were able to document leakage. Color Doppler 
ultrasound velocity was slightly more likely to show a positive 
result, probably because of its better motion discrimination. This 
results in less fl ash artifact and better orientation, particularly on 
coughing, although imaging quality depends on the systems used 
and selected color Doppler settings. As a result, routine sono-
graphic documentation of stress incontinence during urody-
namic testing has become feasible. Color Doppler imaging may 
also facilitate documentation of leak point pressures.60 Whether 
this is desired depends on the clinician’s preferences, because it 
may be argued that urine leakage and leak point pressures can be 
determined more easily with other methods.

Bladder Wall Thickness

There has been considerable interest in the quantifi cation of 
bladder wall thickness by transvaginal or translabial ultra-
sound.61,62 Measurements are obtained after bladder emptying, 
and they are acquired perpendicular to the mucosa (Fig. 9-9). In 
the original description, three sites were assessed—anterior wall, 
trigone, and dome of the bladder—and the mean of all three was 

Figure 9-5 Typical fi ndings in a patient with stress incontinence and mild anterior vaginal wall descent (i.e., cystourethrocele grade 1): 
posteroinferior rotation of the urethra, opening of the retrovesical angle, and funneling of the proximal urethra (arrow). Figure reproduced 
from Ultrasound Obstet Gynecol 2004; 23:80-92, with permission.
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104 Section 2 EVALUATION AND DIAGNOSIS

calculated. A bladder wall thickness of more than 5 mm seems to 
be associated with detrusor instability,61,63 although this has been 
disputed.64 Increased bladder wall thickness is likely caused by 
hypertrophy of the detrusor muscle,64 which is most evident at 
the dome; this may be the cause of symptoms or the effect of an 
underlying abnormality. Although bladder wall thickness on its 
own seems only moderately predictive of detrusor instability and 
is not in itself a useful diagnostic test, the method may be of value 
when combined with symptoms of the overactive bladder.65 
It remains to be seen whether determination of this parameter 
can contribute to the workup of a patient with pelvic fl oor and 

bladder dysfunction, such as serving as a predictor of posto-
perative voiding function or de novo or worsened detrusor 
overactivity.

Levator Activity

Perineal ultrasound has been used for the quantifi cation of pelvic 
fl oor muscle function in women with stress incontinence and in 
continent controls66 before and after childbirth.67,68 A cranioven-
tral shift of pelvic organs imaged in a sagittal midline orientation 
is taken as evidence of a levator contraction. The resulting dis-

Figure 9-6 A cystocele with an intact retrovesical angle. Notice the absence of funneling. The bladder neck and proximal urethra are 
virtually inverted compared with their position at rest. Reproduced from Textbook of Female Urology and Urogynecology, Abingdon UK, 
2006.

Figure 9-7 Color Doppler velocity (CDV) demonstrates urine 
leakage (arrowhead) through the urethra during a Valsalva 
maneuver. Reproduced from Ultrasound Obstet Gynecol 2004; 
23:80-92, with permission.

Figure 9-8 Color Doppler energy mapping (CDE) of stress urinary 
incontinence. The Doppler signal outlines most of the proximal 
urethra (arrowhead). Reproduced from Ultrasound Obstet Gynecol 
2004; 23:80-92, with permission.
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placement of the internal urethral meatus is measured relative 
to the inferoposterior symphyseal margin (Fig. 9-10). In this 
way, pelvic fl oor activity is assessed at the bladder neck, where its 
effect as part of the continence mechanism is most likely to 
be relevant.69 Another means of quantifying levator activity is 
to measure reduction of the levator hiatus in the midsagittal 

plane or to determine the changing angle of the hiatal plane 
relative to the symphyseal axis. The method can also be used 
for pelvic fl oor muscle exercise teaching by providing visual 
biofeedback.70 The technique has helped validate the concept 
of the knack, a refl ex levator contraction immediately before 
increases in intra-abdominal pressure, such as those resulting 

Figure 9-9 Measurement of 
bladder wall thickness at the 
dome in four women with non-
neuropathic bladder dysfunction. In 
all cases, the residual urine volume 
is well below 50 mL.

Figure 9-10 Quantifi cation of 
levator contraction. Cranioventral 
displacement of the bladder neck 
is measured relative to the 
inferoposterior symphyseal margin. 
The measurements indicate 
4.5 (range, 31.9 minus 27.4) mm 
of cranial displacement and 
16.2 (range, 17.9 minus 1.7) mm 
of ventral displacement of the 
bladder neck. Figure reproduced 
from Ultrasound Obstet Gynecol 
2004; 23:80-92, with permission.
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106 Section 2 EVALUATION AND DIAGNOSIS

from coughing.71 Good correlations have been found between 
cranioventral shift of the bladder neck and palpation or 
perineometry.72

Prolapse Quantifi cation

Translabial ultrasound can demonstrate uterovaginal pro-
lapse.73,74 The inferior margin of the symphysis pubis serves as a 
convenient (if arbitrary) line of reference against which the 
maximal descent of the bladder, uterus, cul-de-sac, and rectal 
ampulla during a Valsalva maneuver can be measured (Fig. 9-
11). On Valsalva the transducer is withdrawn to allow full devel-
opment of the prolapse, while retaining contact with the insonated 
tissues. Angling of the transducer should be avoided in order to 
prevent changes in the relative position of transducer and sym-
physea axes. Figure 9-12 shows a three-compartment prolapse, 
with the uterus leading. Findings have been compared with clini-
cal staging and the results of a standardized assessment according 
to criteria developed by the International Continence Society,75 
with good correlations shown for the anterior and central com-
partments.76 Although there may be poorer correlation between 
posterior compartment clinical assessment and ultrasound, not 
the least due to variable rectal fi lling, it is possible to distinguish 
between true rectocele (i.e., defect of the rectovaginal septum) 
(Fig. 9-13A) and perineal hypermobility without fascial defects 
(see Fig. 9-13B). True rectoceles may be present in young, nul-
liparous women but are more common in parous women. In 
some instances, they arise in childbirth.77 From imaging experi-
ence, fascial defects seem to almost always be found in the same 
area (i.e., very close to the anorectal junction), and they most 
commonly are transverse. Many are asymptomatic. Routine pos-
terior repair often results in reduction or distortion of such 
defects without effecting closure.

The ability to differentiate different forms of posterior com-
partment descent should allow better surgical management in the 
future, especially because enterocele (Fig. 9-14) can easily be 

distinguished from rectocele. It appears that colorectal surgeons 
are starting to use the technique to complement or replace defe-
cography,78 and perineal ultrasound can also be used for exoanal 
imaging of the anal sphincter.79,80

Disadvantages of the method include incomplete imaging of 
bladder neck, cervix, and vault with large rectoceles and possible 
underestimation of severe prolapse due to transducer pressure. 
Occasionally, apparent anterior vaginal wall prolapse turns out 
to be caused by a urethral diverticulum81,82 (Fig. 9-15) or a para-
vaginal cyst.

The main use of this technique may prove to be in outcome 
assessment after prolapse and incontinence surgery for clinical 
and research applications. Elevation and distortion of the bladder 
neck arising from a colposuspension is easily documented.83,84 
Fascial and synthetic slings are visible posterior to the trigone or 
the urethra (Figs. 9-16 and 9-17). Bulking agents such as Macro-
plastique (Fig. 9-18) show up anterior, lateral, and posterior to 
the proximal urethra. It has been demonstrated that overeleva-
tion of the bladder neck on colposuspension is unnecessary for 
cure of urodynamic stress incontinence, and elevation may also 
have a bearing on postoperative symptoms of voiding dysfunc-
tion and de novo detrusor instability.83,84

Implants

Ultrasound has contributed signifi cantly to the investigation of 
new surgical procedures, such as wide-weave suburethral Prolene 
slings, showing that they act by urethral kinking or dynamic 
compression against the posterior surface of the symphysis pubis.85 
Available synthetic slings are easily visualized posterior to the 
urethra86-93 (see Fig. 9-16). Wide-weave monofi lament mesh such 
as tension-free vaginal tape (e.g., Gynecare TVT), SPARC sling, 
and Monarc Subfascial Hammock or transobturator (TOT) sling 
are more echogenic than more tightly woven multifi lament 
implants, such as the IVS (i.e., polypropylene mesh) (see Fig. 

Uterine
prolapse

Enterocele

Cranial

Symphysis

Cystocele

Rectocele

Figure 9-11 Line drawing demonstrating the ultrasound 
quantifi cation of uterovaginal prolapse. The inferior margin of the 
symphysis pubis serves as a line of reference against which the 
maximal descent of the bladder, uterus, cul-de-sac, and rectal 
ampulla on Valsalva maneuver can be measured. Figure reproduced 
from Ultrasound Obstet Gynecol 2004; 23:80-92, with permission.

Figure 9-12 Three-compartment prolapse on translabial ultrasound. 
The line of reference is placed through the inferior margin of the 
symphysis pubis. Measurements indicate descent of the bladder to 
6.8 mm below the symphysis pubis, of the uterus to 11.3  mm, and 
of the rectal ampulla to 3.9  mm below. Arrows indicate the leading 
edges of those organs. The clinical examination showed a second-
degree uterine prolapse and fi rst-degree anterior and posterior 
compartment descent.
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A

B

Figure 9-13 A, The top pair of 
images shows a fi rst-degree 
rectocele. The anal canal is seen to 
the right of both images, with a 
small rectocele (deep 2  cm) clearly 
visible during a Valsalva maneuver 
(right). B, The lower pair of images 
demonstrates descent of the rectal 
ampulla without herniation of 
rectal contents into the vagina, a 
condition that may mimic rectocele 
and that has been called perineal 
hypermobility or pseudorectocele. 
Figure reproduced from Textbook 
of Female Urology and 
Urogynecology, Abingdon UK, 
2006.

Figure 9-14 Rectocele after Burch 
colposuspension with the patient 
at rest (left) and during a Valsalva 
maneuver (right). Usually, 
enteroceles (fi lled by peristalsing 
small bowel, epiploic fat, or 
omentum) appear more 
homogeneous and nearly isoechoic, 
whereas the rectocele is fi lled 
by a stool bolus and/or air, 
resulting in hyperechogenicity with 
distal shadowing. Figure 
reproduced from Ultrasound 
Obstet Gynecol 2005; 26:73-77, 
with permission.
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9-17), but virtually all can be identifi ed and followed in their 
course from the pubic rami laterally to the urethra centrally. The 
difference between transobturator tapes (e.g., Monarc, TOT) and 
tapes placed through the space of Retzius (e.g., TVT, SPARC, 
IVS) is evident when following the tapes in the parasagittal or 
axial planes. In the parasagittal plane, transobturator tapes often 

can be seen to perforate the obturator fascia and muscle close to 
the insertion of the pubovisceral muscle; sometimes, they tra-
verse the most inferomedial component of the levator before 
exiting the pelvis.93 Wide-weave mesh implants used in proce-
dures, such as the Perigee, Apogee or Prolift implants, are very 
echogenic and easily identifi ed,94 and their transobturator or 

Figure 9-15 Urethral diverticulum (arrow), herniating downward and clinically simulating a cystourethrocele during a Valsalva maneuver. 
The neck of the diverticulum is close to the bladder neck. Reproduced from Ultrasound Obstet Gynecol 2004; 23:80-92, with permission.

Figure 9-16 Synthetic implants such as the tension-free vaginal tape or SPARC are easily visualized as highly echogenic structures posterior 
to the urethra. The images illustrate tape position relative to the symphysis pubis and urethra with the patient at rest (left) and during a 
Valsalva maneuver (right). Reproduced from Ultrasound Obstet Gynecol 2004; 23:80-92, with permission.

Ch009-X2339.indd   108 1/31/2008   2:13:47 PM



 Chapter 9 PELVIC FLOOR ULTRASOUND 109

pararectal extensions can be followed for some distance, 
although 3D or 4D imaging allows much more comprehensive 
evaluation.

Ultrasound has demonstrated the wide margin of safety and 
effi cacy of suburethral tapes in regard to placement (which helps 
explain their extraordinary success) and allayed concerns regard-
ing tape shrinkage and tightening due to scar formation.90,91 The 
assessment of bladder neck mobility before implantation of a 
suburethral sling may predict success or failure,95 an observation 
that makes perfect sense considering that dynamic compression 
relies on relative movement of implant and native tissues.

Paravaginal Defect Imaging

Transabdominal ultrasound has been used to demonstrate lateral 
defects of the endopelvic fascia, also called paravaginal defects. 
However, this method has not been fully validated, and a pro-
spective study showed poor correlation with clinically observed 
defects.96 Several factors may limit the predictive value of trans-
abdominal ultrasound in the identifi cation of paravaginal defects: 

the poor defi nition of an optimal scanning plane, the infl uence 
of uterine prolapse or a full rectum, and the inability to observe 
the effect of a Valsalva maneuver (which would dislodge the 
transducer) by transabdominal imaging. It is likely that levator 
trauma (see below) is frequently misinterpreted as a “paravaginal 
defect.” Fascial trauma is highly likely in patients with a full avul-
sion, but it is conceivable that fascial defects may occur in women 
with intact muscle. Much work remains to be done in this fi eld.

Other Findings

A range of other abnormalities, incidental or expected, may 
sometimes be detected on translabial ultrasound, although a 
full pelvic ultrasound assessment does require a transvaginal 
approach. Urethral diverticula (see Fig. 9-15),78,97 labial cysts, 
Gartner’s duct cysts (Fig. 9-19), or bladder tumors (Fig. 9-20) 
may be identifi ed, and intravesical stents and bladder diverticula 
also can be visualized.16 Postoperative hematomas may be visible 
after vaginal surgery or TVT placement and sometimes explain 
clinical symptoms such as voiding dysfunction or persistent pain 
(Fig. 9-21).

Figure 9-17 A comparison of tension-free vaginal tape (TVT), SPARC mesh, and IVS mesh (left to right) on midsagittal imaging. The TVT 
often appears slightly curled, signifying a greater degree of tension compared with the SPARC material, which often is under less tension 
because of a central suture that avoids pretensioning of the tape on removal of plastic sheaths during surgery. Reproduced from Ultrasound 
Obstet Gynecol 2005; 26:175-179, with permission.

Figure 9-18 Macroplastique (silicone macroparticles), an injectable 
used in USI surgery, is very echogenic and can be located ventral, 
dorsal and lateral to the proximal and mid-urethra. Figure 
reproduced from Ultrasound Obstet Gynecol 2004; 23:80-92, 
with permission.

Figure 9-19 A Gartner duct cyst is shown close to the bladder 
neck (arrow). Reproduced from Ultrasound Obstet Gynecol 2004; 
23:80-92, with permission.
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Most recently, it has become clear that rectal intussusception 
and rectal prolapse can be diagnosed on pelvic fl oor ultrasound 
in the midsagittal plane. The pathognomonic feature of intus-
susception is splaying of the anal canal and inversion of the 
anterior rectal wall into the anal canal (see Figure 9-21). The 
intussuscipiens is propelled by small bowel or sigmoid colon, 
resulting in inversion of the rectal wall: an enterocele that does 
not develop into the vagina, but down the anal canal. Mucosal 
prolapse, on the other hand, is much more discrete as it does not 
involve the full thickness of the rectal wall, and seems limited to 
the area immediately proximal to the anal canal. The usefulness 
of translabial ultrasound in patients with symptoms of obstructed 
defecation, in particular as compared to defecation proctogra-
phy, is not yet clear however. Several comparative studies are in 
progress in urogynaecological and colorectal units at the time of 
writing.

THREE-DIMENSIONAL PELVIC FLOOR IMAGING

Technical Overview

Two main engineering solutions have been developed to allow 
integration of two-dimensional (2D) sectional images into 3D 

volume data: motorized acquisition and external electromagnetic 
position sensors. A simplifi ed technique is the freehand acquisi-
tion of volumes without any reference to transducer position. In 
essence, this means that a cine loop of images is collated to form 
a volume data set; because the system has no information on 
transducer position relative to the insonated tissues, measure-
ments on volume data are impossible. Nevertheless, qualitative 
information may be obtained, and such systems have been used 
for clinical research in urogynecology.98

Quantitative evaluation of volumes requires information on 
transducer position at the time of acquisition. If probe move-
ment is achieved with the help of a motor, its characteristics will 
determine imaging data coordinates. Motorized acquisition may 
take the shape of automatic withdrawal of an endocavitary probe, 
motorized rotation of such a probe, or motor action within the 
transducer itself. The fi rst such motorized probe was developed 
in 1974, and by 1987, transducers for clinical use were developed 
that allowed motorized acquisition of imaging data.99 The fi rst 
commercially available platform, the Kretz Voluson system, was 
developed around such a “fan scan” probe. Endocavitary probes 
make a freehand acquisition technique impractical, which is why 
the company did not develop this alternative approach further99 
and instead concentrated on a technology reminiscent of (other-
wise obsolete) mechanical sector transducers. The results have 
been the abdominal and endovaginal probes used in systems such 
as the GE Kretz Voluson 530, 730, 730 expert, E8 and Volusoni 
System. The widespread acceptance of 3D ultrasound in obstet-
rics and gynecology was helped considerably by this development 
because these transducers do not require any movement relative 
to the investigated tissue during acquisition. Most of the major 
suppliers of ultrasound equipment have developed their own 
transducers along such lines, although it is widely recognized that 
this technology will probably be replaced by matrix array trans-
ducers within the next 5 to 10 years. Such transducers are already 
available for echocardiography.100

With current mechanical 3D transducers, automatic image 
acquisition is achieved by rapid oscillation of a group of elements 
within the transducer. This allows the registration of multiple 
sectional planes that can be integrated into a volume as the loca-
tion of a given voxel (i.e., a pixel that has a defi ned location in 
space) is determined by transducer and insonation characteris-
tics. Fortuitously, transducer characteristics on available systems 
for transabdominal use have been highly suitable for pelvic fl oor 
imaging. A single volume obtained at rest with an acquisition 
angle of 70 degrees or higher includes the entire levator hiatus 

Figure 9-20 A transitional cell carcinoma (arrow) of the bladder is 
seen on parasagittal translabial ultrasound. Reproduced from 
Ultrasound Ostet Gynecol 2004; 23:80-92, with permission.

Figure 9-21 Retroperitoneal hematoma and subcutaneous vaginal hematoma after mesh sacrocolpopexy and posterior repair. Reproduced 
from ASUM Bulletin 2007; 10:17-23, with permission.

Ch009-X2339.indd   110 1/31/2008   2:13:50 PM



 Chapter 9 PELVIC FLOOR ULTRASOUND 111

with the symphysis pubis, urethra, paravaginal tissues, the vagina, 
anorectum, and pubovisceral (i.e., puborectalis or pubococ-
cygeus part of the levator ani) muscle from the pelvic side wall 
in the area of the arcus tendineus of the levator ani (ATLA) to 
the posterior aspect of the anorectal junction (Fig. 9-22). Depend-
ing on the anteroposterior dimensions of the pubovisceral muscle, 
it may also include the anal canal and the external anal sphincter. 
This also holds true for volumes acquired on levator contraction. 
A Valsalva maneuver may result in lateral or posterior parts of 
the puborectalis being pushed outside the fi eld of vision, espe-
cially in women with signifi cant prolapse (discussed later). The 
abdominal 8-4-MHz volume transducer for Voluson systems 
allows acquisition angles of up to 85 degrees, ensuring that the 
levator hiatus can be imaged in its entirety, even in women with 
signifi cant enlargement (i.e., ballooning) of the hiatus during a 
Valsalva maneuver.

Display Modes

Figure 9-22 demonstrates the two basic display modes used on 
3D ultrasound systems. The multiplanar or orthogonal display 
mode shows cross-sectional planes through the volume in ques-
tion. For pelvic fl oor imaging, this most conveniently means the 
midsagittal, the coronal, and the axial or transverse plane.

One of the main advantages of volume ultrasound for pelvic 
fl oor imaging is that the method gives access to the axial plane. 
Until recently, pelvic fl oor ultrasound was limited to the midsag-
ittal plane.9,101,102 Parasagittal and coronal plane imaging have 
not been reported, perhaps because there are no obvious points 
of reference, unlike the convenient reference point of the sym-

physis pubis on midsagittal views. The axial plane was accessible 
only on MRI; Figure 9-23 provides an axial view of the levator 
hiatus on MRI and 3D ultrasound.103 Pelvic fl oor MRI is 
an established investigational method, at least for research appli-
cations, with a multitude of papers published over the past 10 
years.104-113

Imaging planes on 3D ultrasound can be varied in a com-
pletely arbitrary fashion to enhance the visibility of a given ana-
tomical structure at the time of acquisition or offl ine at a later 
time. The levator ani, for example, usually requires an axial plane 
that is slightly tilted in a cranioventral to dorsocaudal direction. 
The three orthogonal images are complemented by a rendered 
image, which is a semitransparent representation of all voxels in 
an arbitrarily defi nable box, termed the Region of Interest (ROI). 
Figure 9-22 (bottom right image) shows a standard rendered 
volume of the levator hiatus, with the rendering direction set 
caudally to cranially, which seems to be most convenient for 
pelvic fl oor imaging. The possibilities for postprocessing are 
restricted only by the software used for this purpose; programs 
such as GE Kretz 4D View (GE Medical Systems Kretztechnik, 
Zipf, Austria) allow extensive manipulation of image character-
istics and output of stills, cine loops, and rotational volumes in 
bitmap and AVI formats.

FOUR-DIMENSIONAL IMAGING

The use of 4D imaging implies the real-time acquisition of 
volume ultrasound data, which can then be represented in 
orthogonal planes or rendered volumes. It has become possible 

Figure 9-22 The usual acquisition or evaluation screen on Voluson-type systems shows the three orthogonal planes: sagittal (top left), 
coronal (top right), and axial (bottom left). It also shows a rendered volume (bottom right), which is a semitransparent representation of all 
gray-scale data in the region of interest (arrows).
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112 Section 2 EVALUATION AND DIAGNOSIS

to save cine loops of volumes, which is important in pelvic fl oor 
imaging because it allows enhanced documentation of functional 
anatomy. Even on 2D, single-plane imaging, a static assessment 
at rest gives little information compared with the evaluation of 
maneuvers such as a levator contraction and Valsalva. Observa-
tion enables better assessment of levator function and improved 
delineation of levator or fascial trauma. Avulsion of the pubovis-
ceral muscle from the arcus tendineus of the levator ani is often 
more evident on levator contraction, and most signifi cant pelvic 
organ prolapse is not visible with the patient at rest in the supine 
position. Fascial defects such as those defi ning a true rectocele 
often only become visible during a Valsalva maneuver.

The ability to perform a real-time 3D (or 4D) assessment of 
pelvic fl oor structures makes the technology clearly superior to 
MRI. Prolapse assessment by MRI requires ultrafast acquisi-
tion,107,109 which is of limited availability and does not allow 
optimal resolutions. Alternatively, some systems allow imaging 
of the sitting or erect patient,108 but accessibility will remain 
limited for the foreseeable future. The sheer physical character-
istics of MRI systems make it much harder for the operator to 
ensure effi cient maneuvers because more than 50% of women do 
not perform a proper pelvic fl oor contraction when asked114 and 
a Valsalva maneuver is often confounded by concomitant levator 
activation.115 Without real-time imaging, it is impossible to 
control for these confounders. Ultrasound therefore has major 
potential advantages when it comes to describing prolapse, espe-
cially when it is associated with fascial or muscular defects, and 
for defi ning functional anatomy. Offl ine analysis packages such 
as the GE Kretz 4D View or Philips QL AB software allow dis-
tance, area, and volume measurements in any user-defi ned plane 
(e.g., oblique, orthogonal), which is superior to what is possible 
with Digital Imaging and Communications in Medicine (DICOM) 
viewer software on a standard set of single-plane MRI images. 
DICOM is a standard for distributing and viewing any kind of 
medical image, regardless of the origin.

Speckle Reduction Techniques

Technical developments such as volume-contrast imaging (VCI) 
and speckle-reduction imaging (SRI) employ rendering algo-

rithms as a means of improving resolutions in the coronal plane. 
As a result, speckle artifact is markedly reduced.116 Measuring in 
the axial or C plane has been limited to raw data without signi-
fi cant postprocessing. Consequently, resolutions were much 
poorer than in the sagittal plane, reducing the accuracy of meas-
urements and our ability to identify structural changes. By using 
VCI on slices 1 to 3 mm thick, resolutions of about 1 mm can be 
reached on axial or oblique axial slices that allow distance and 
area measurements on the ultrasound system and offl ine on a 
computer. Figure 9-24 shows normal C-plane imaging and VCI 
in the axial plane in a patient with major bilateral levator trauma 
after rotational forceps delivery. Another technique using render-
ing algorithms to enhance single plane resolutions, Speckle 
Reduction Imaging or “SRI,” results in improved tissue discrimi-
nation, which should help to improve detection of morphologic 
abnormalities. Figure 9-22 provides an example of image quality 
using SRI for orthogonal planes and rendered volumes.

Tomographic Ultrasound Imaging

During or after acquisition of volumes, it is possible to process 
imaging information into slices of predetermined number and 
spacing, reminiscent of computed tomography (CT) or nuclear 
MRI. This technique has been called multislice imaging or tomo-
graphic ultrasound imaging (TUI) by manufacturers. Unlike CT 
or MRI, the location, number, depth, and tilt of slices can be 
adjusted at will after volume acquisition. The combination of 
true 4D (volume cine loop) capability and TUI or multislice 
imaging allows simultaneous observation of the effect of man-
euvers at many different levels.

The pelvic fl oor easily lends itself to such techniques, and I 
suggest using the plane of minimal dimensions as plane of refer-
ence: an oblique axial plane that is defi ned in the midsagittal 
plane by the shortest line between the posterior symphyseal 
margin and the levator ani immediately posterior to the anorectal 
angle (Fig. 9-25). For the sake of convenience, I use 8 × 2.5-mm 
steps recorded from 5 mm below this plane to 12.5 mm above, 
which should encompass the entire puborectalis muscle. 

Figure 9-26 shows the standard TUI format most appropriate 
to pelvic fl oor imaging, with the coronal plane for reference 

Figure 9-23 The axial plane on magnetic resonance imaging (MRI) and ultrasound (rendered volume) in a young nulliparous volunteer. 
(MRI courtesy of J Kruger, Auckland.) Reproduced from Obstet Gynecol 2005; 106:707-712, with permission.
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Figure 9-24 Axial plane translabial imaging with the patient at rest, illustrating a severe case of delivery-related pelvic fl oor trauma. 
A bilateral avulsion and complete loss of tenting bilaterally is shown on conventional axial-plane, 3D ultrasound (left). The same plane in the 
same volume data set (right) is shown using volume-contrast imaging (VCI). This patient has severe stress incontinence and prolapse 3 years 
after a rotational forceps delivery.

in the top left corner and eight axial-plane slices at a distance of 
2.5 mm each, in a nulliparous patient with normal pelvic fl oor 
function and anatomy. The presence and extent of injuries is 
evident at a glance from one printout or fi lm, without requiring 
any further manipulation of data, as is familiar from radiologic 
cross-sectional techniques. It is likely that such techniques will 
help with the standardization of assessment methods and allow 
more accurate classifi cation and quantifi cation of morphologic 
abnormalities.117

PRACTICAL CONSIDERATIONS

Pelvic fl oor ultrasound is highly operator dependent, as is true 
for all real-time ultrasound procedures. The 3D systems have the 
potential to reduce this operator dependence because volume 
acquisition is easily taught and should be within the capabilities 
of every sonographer or sonologist after a day’s training. Although 

the method does require postprocessing (and the skills involved 
in this are more signifi cant), static volume data typically of 1 to 
6 MB can be de-identifi ed and transmitted electronically so that 
evaluation may be obtained by e-mail, and this opens up new 
possibilities for local and international cooperation. Unfortu-
nately, the de facto software standard of 3D image fi les provided 
by licensing of original technology has been lost, with many 
companies developing their own standards, which are incompat-
ible with the others. A DICOM standard for 3D imaging data 
would be the solution, but standardization does not appear to be 
imminent. Consequently, increasing numbers of clinicians and 
researchers are frustrated by the inability to exchange volume 
data. Users need to exert signifi cant pressure on manufacturers, 
who may not be inclined to cooperate with competitors on this 
issue.

Most publications on 3D ultrasound in obstetrics and gyne-
cology deal with obstetric applications.15 The visualization of fetal 
structures such as extremities, skeleton, and face has to a large 

Figure 9-25 Determination of the plane of minimal hiatal dimensions. The minimal distance between the posterior symphyseal margin and 
the levator ani immediately posterior to the anorectal angle (left, midsagittal plane) identifi es the correct axial plane (right), which in this 
case was obtained by volume-contrast C-plane imaging.
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extent driven the research, development, and marketing of these 
systems. Although well-selected 3D data may enhance the under-
standing of certain conditions or abnormalities for patients and 
caregivers,15 some critics contend that 3D ultrasound has been a 
technology searching for an application.

Pelvic fl oor imaging is a minor niche within the fi eld of ultra-
sound diagnostics, but it may provide one of the fi rst true indica-
tions for 3D and 4D volume ultrasound imaging. Pelvic fl oor 3D 
ultrasound has been used for the evaluation of the urethra and 
its structures, for imaging of the more inferior aspects of the 
levator ani complex (i.e., pubococcygeus and puborectalis), for 
the visualization of paravaginal supports, and for prolapse and 
implant imaging.

Three-Dimensional Imaging of the Urethra

Technically, 3D pelvic fl oor ultrasound imaging became feasible 
in 1989 with the advent of the Kretz Voluson 530 system. 
However, there are no records of the early use of such systems; 
the fi rst publication on 3D ultrasound in urogynecology was in 
1994,118 when Khullar et al demonstrated that this technique 
could be employed to assess the urethra.118 They used transvagi-
nal probes with motorized withdrawal to allow the use of calipers 
in all three planes. Subsequently, it was shown that urethral volu-
metric data correlated with urethral pressure profi lometry118 and 
that urethral volume decreased with parity. This technique has 
been used to assess delivery-related changes,119 and 3D ultra-
sound with intracavitary transducers may also aid in identifying 
paraurethral support structures such as the pubourethral liga-
ments. Probes designed for prostatic imaging have also been 

employed for the assessment of the urethra and paraurethral 
structures by the transrectal route.120

Three-Dimensional Imaging of the Levator Ani Complex

The inferior aspects of the levator ani were identifi ed on early 
studies using transvaginal techniques14 and translabial freehand 
volume acquisition,98 as well as on translabial ultrasound using a 
Voluson system,13 but the focus of these reports was on the 
urethra and paraurethral tissues. With translabial acquisition, the 
whole levator hiatus and surrounding muscle (i.e., pubococ-
cygeus and puborectalis) can be visualized, provided acquisition 
angles are at or above 70 degrees. Similar to MRI, it is impossible 
to distinguish the different components of the pubovisceral or 
puborectalis-pubococcygeus complex. In a series of 52 young, 
nulligravid women, no signifi cant asymmetry of the levator was 
observed, supporting the hypothesis that morphologic abnor-
malities of the levator are likely to be evidence of delivery- related 
trauma.121 Contrary to MRI data,112 there was no signifi cant side 
difference in thickness or area.

A number of biometric parameters of the puborectalis-
pubococcygeus complex itself and of the levator hiatus have been 
defi ned.121 Results agreed with MRI data obtained in small 
numbers of nulliparous women for the dimensions of the levator 
hiatus112 and levator thickness.110 Hiatal depth, width, and area 
measurements seem highly reproducible (intraclass correlation 
coeffi cients of 0.70 to 0.82) and correlate strongly with pelvic 
organ descent at rest and during a Valsalva maneuver.121 This 
study was replicated in a Chinese population, with very similar 
results for repeatability measures and intriguing differences in 

Figure 9-26 Normal pelvic fl oor. Tomographic ultrasound imaging provides cross-sectional imaging at user-defi nable depths and intervals 
and at arbitrarily defi nable angles or tilts within the acquired volume. A cine loop of volumes allows observation of the effect of maneuvers 
in multiple cross sections at any time.
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the shape of the hiatus.122 Other investigators have confi rmed 
good repeatability of this technique123-125, and a comparison with 
measures obtained on magnetic resonance imaging showed high 
levels of agreement.126

Although it is not surprising that the hiatal area during a 
Valsalva maneuver correlates with descent (because downward 
displacement of organs may displace the levator laterally), it is 
much more interesting that hiatal area at rest seems associated 
with pelvic organ descent during a Valsalva maneuver. These data 
constitute the fi rst real evidence for the hypothesis that the state 
of the levator ani is important for pelvic organ support,127 even 
in the absence of levator trauma. Relative enlargement of the 
hiatus during Valsalva maneuvers, or rather distention or elonga-
tion of its muscular component, may be a measure of compliance 
or elasticity and seems to correlate with resting tone as deter-
mined by palpation.128 The population distribution for hiatal area 
enlargement during Valsalva maneuvers in nulligravid white 
women seems to be remarkably wide, with measurements from 
6 to 36 cm2 in one study.121 The 95th percentile of the distribution 
seems to lie at about 25 cm2, and based on this and receiver 
operator characteristics,129 the author considers hiatal enlarge-
ment in excess of this cutoff to be ballooning of the hiatus, indi-
cating abnormal biomechanical properties. Figure 9-27 shows a 
case of de novo ballooning of the hiatus after vaginal childbirth. 
It is not clear whether such changes are due to myopathy, neu-
ropathy or microtrauma to connective tissue structures. Pelvic 
fl oor compliance or distensibility deserves further study because 
it may be important for the progress of labor and in the diagnosis 
and treatment of pelvic organ prolapse. In fact, it is likely that 
surgical reduction of the levator hiatus, now feasible as a mini-
mally invasive technique, will become an entirely new concept in 
pelvic reconstructive surgery.

The most common form of levator trauma, a unilateral avul-
sion of the pubococcygeus muscle off the pelvic side wall, is 
related to childbirth (Figs. 9-28 to 9-30; see Fig. 9-24) and is 
generally palpable as an asymmetric loss of substance in the 
inferomedial portion of the muscle at the site of its insertion on 
the pelvic side wall. It is usually occult but may occasionally 
be observed directly in women after major vaginal tears (see 
Fig. 9-28). Bilateral defects (see Figs. 9-24 and 9-30) are more 
diffi cult to palpate because of the lack of asymmetry and are 
much less common, probably in the order of 1% to 4% of 
the vaginally parous population. In one study,129 the investi-
gators found that more than one third of women delivering 
vaginally suffered avulsion injuries, an incidence that is unex-
pectedly high compared with observations in older, symptomatic 
women.130

The clinical signifi cance of such defects is being studied. Our 
data130,131 and evidence from MR studies132,133 suggest that levator 
avulsion is common (affecting about 15% to 20% of vaginally 
parous women) and that it is associated with maternal age at fi rst 
delivery, which is a concern in view of the continuing trend 
toward delayed childbearing in Western societies. It seems that 
the likelihood of major levator trauma at vaginal delivery triples 
during the reproductive years, from 15% at about 18 years of age 
to 45% at 40 years. Forceps seem to double the risk.131 Taken 
together with the increasing likelihood of cesarean section, it 
seems that the likelihood of a successful vaginal delivery without 
levator trauma decreases from more than 80% at age 20 to less 
than 30% at age 40 (our unpublished data).

Levator avulsion is associated with anterior and central com-
partment prolapses,117,129,130 and it likely represents the missing 
link between childbirth and prolapse, but the relationship with 
bladder dysfunction is not as obvious.130 The larger a defect 

Figure 9-27 Hiatal appearance in a patient during a Valsalva maneuver. At 36 weeks, the hiatus measured 25  cm2, and this had increased to 
32 cm2 4 months after a normal vaginal delivery.
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Figure 9-29 Small, left-sided, unilateral levator avulsion. Normal antepartum fi ndings are shown on the left, and the postpartum state is 
demonstrated on the right.

Figure 9-28 A comparison of intrapartum appearances (left), 4D pelvic fl oor ultrasound fi ndings (middle) and magnetic resonance (right) 
imaging in the axial plane after a normal vaginal delivery that resulted in a right-sided levator avulsion *. (MRI courtesy of Dr. Lennox 
Hoyte, Boston, MA.)

(width and depth), the more likely are symptoms and signs of 
prolapse.117 However, cross-sectional studies of levator anatomy 
in asymptomatic and symptomatic older women are needed to 
determine whether such abnormalities are associated with clini-
cal symptoms or conditions in the general population. Another 
interesting question is whether major morphologic abnormalities 
of the levator ani affect surgical outcomes. A study using MRI 

demonstrated that recurrence after anterior colporrhaphy was 
much more likely in women with levator trauma.135 From our 
experience, it appears that major levator trauma (i.e., avulsion of 
the puborectalis or pubococcygeus from the pelvic side wall) is 
associated with early presentation and recurrent prolapse after 
surgical repair. If this is the case, we should create in vitro models 
for such trauma and start thinking about surgical intervention. 
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The presence of levator avulsion may indicate the need for 
something other than conventional surgical management.

Three-Dimensional Imaging of Paravaginal Supports

It has been assumed that anterior vaginal wall prolapse and stress 
urinary incontinence are at least partly caused by disruption of 
paravaginal and paraurethral support structures (i.e., endopelvic 
fascia and pubourethral ligaments) at the time of vaginal delivery. 
In a pilot study using the now-obsolete technology of freehand 
acquisition of 3D volumes, alterations in paravaginal supports 
were observed in 5 of 21 women seen before and after delivery, 
and the interobserver variability of the qualitative assessment of 
paravaginal supports was shown to be good.98 In light of current 
knowledge, the loss of tenting documented in this study was 
probably at least partly caused by levator avulsion. Paravaginal 
tissues also can be assessed by transrectal or transvaginal 3D 
ultrasound using probes designed for pelvic or prostatic imaging.14 
One study using transrectal, high-frequency, 3D ultrasound sug-
gested that defects of the subvesical or paravaginal fascia might 
be similar in appearance to striae gravidarum, making direct 
surgical repair impractical.136

Three-Dimensional Imaging of Prolapse

The downward displacement of pelvic organs during a Valsalva 
maneuver in itself does not require MRI or ultrasound 3D imaging 
technology. Descent of the urethra, bladder, cervix, cul-de-sac, 
and rectum is easily documented in the midsagittal plane.76 
However, rendered volumes may allow a complete 3D visualiza-
tion of a cystocele or rectocele (Figs. 9-31 to 9-33) and help with 
operative planning. When processed into rotational volumes, 

hyperechoic structures such as a rectocele become particularly 
evident (see Fig. 9-33). The ease with which pre operative and 
postoperative data can be compared with the help of stored 
imaging volumes can be especially useful in audit activities.

Three-Dimensional Imaging of Synthetic 
Implant Materials

The imaging of synthetic implants may prove to be a major factor 
in the uptake of this new investigational technique into clinical 
practice. Suburethral slings such as the TVT, SPARC, IVS, 
Monarc, and TOT have become very popular during the past 10 
years137-139 and have become the primary anti-incontinence pro-
cedure in many developed countries. These slings are not without 
their problems, even if biocompatibility is markedly better than 
for previously used synthetic slings, and they differ in some 
important aspects. Imaging may be indicated in research to 
determine the location and function of such slings and possibly 
for assessing in vivo biomechanical characteristics. Clinically, 
complications such as sling failure, voiding dysfunction, erosion, 
and postoperative symptoms of the irritable bladder may benefi t 
from imaging assessment. Often, patients do not remember the 
exact nature of an incontinence or prolapse procedure, and 
implants may be identifi ed in women who are not aware of their 
presence or type.

Most modern synthetic implant materials are highly echo-
genic; TVT Sparc, TVT-O, Monarc and TOT are usually more 
visible than the IVS sling. Implants can be located with 3D ultra-
sound, usually over most of thier intrapelvic course.140 (Fig 9-34). 
Variations in placement, such as asymmetry, varying width, the 
effect of tape division, and tape twisting, can be visualized. The 
difference between transobturator tapes and the TVT-type 

Figure 9-30 Major bilateral levator avulsion. Normal antepartum fi ndings are shown on the left, and the postpartum state is demonstrated 
on the right.
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Figure 9-32 Second-degree true rectocele imaged in the three orthogonal planes and a rendered volume (bottom right). Stars indicate the 
rectocele, showing it to be symmetrical, arising from the anorectal junction, and fi lling most of the hiatus.

Figure 9-31 A large cystocele (arrow) is seen in the three standard planes (sagittal, top left; coronal, top right; axial, bottom left) and in a 
rendered image (axial, caudocranial rendering), showing a view through the cystocele onto the bladder roof. Reproduced from Textbook of 
Female Urology and Urogynecology, Chapter 26; Informa Healthcare, Abingdon UK, 2006.
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implants, which is diffi cult to distinguish on 2D imaging, is 
readily apparent in the axial plane (Fig. 9-35). It is therefore likely 
that 3D imaging will turn out to be very helpful in the assessment 
of patients with suburethral slings.

The same holds true for mesh implants used in prolapse 
surgery. There is a worldwide trend toward mesh implantation, 
especially for recurrent prolapse, and complications such as 
failure and mesh erosion are not uncommon.141,142 Polypropylene 
meshes such as the Perigee, Prolift, and Apogee are highly echo-
genic, and their visibility is limited only by persistent prolapse 
and transducer distance. Translabial 3D ultrasound has demon-
strated that the implanted mesh often does not remain as fl at as 
it was on implantation (Fig. 9-36).143 Surgical technique seems to 

play some role, because fi xation of mesh to underlying tissues 
results in a fl atter, more even appearance (Fig. 9-37). The posi-
tion, extent, and mobility of anterior vaginal wall mesh can be 
determined and may sometimes uncover complications such as 
dislodgment of anchoring arms.94

Translabial 4D ultrasound can be useful in determining 
functional outcome and the location of implants, and it can 
help in optimizing implant design and surgical technique. 
Although it is not much more than an afterthought in this age 
of minimally invasive slings, most of the injectables used in 
anti-incontinence surgery are highly echogenic and can be visual-
ized as a hyperechoic donut shape surrounding the urethra 
(Fig. 9-38).

Figure 9-33 A rectocele is shown in a rendered volume of the 
levator hiatus during a Valsalva maneuver. Reproduced from 
Textbook of Female Urology and Urogynecology, Chapter 26, 
Informa Healthcare, Abingdon UK, 2006.

Figure 9-34 The tension-free vaginal tape (TVT) sling is imaged 
on an oblique rendered volume of the levator hiatus. The mesh 
structure of the tape is clearly visible. There is also a very unusual 
local abnormality of the levator on the patient’s right side (i.e., left 
side of the image, arrow). Reproduced from Obstet Gynecol 2004; 
23:615-625, with permission.

Figure 9-35 Monarc sling (left) compared with tension-free vaginal tape (TVT) sling in rendered volumes of the levator hiatus. Notice the 
difference in placement. The Monarc sling is inserted through the obturator foramen, and the TVT sling is inserted through the space of 
Retzius. As a result, the TVT sling arms are situated much more medially. Reproduced from Obstet Gynecol 2004; 23:615-625, with 
permission.

Ch009-X2339.indd   119 1/31/2008   2:13:55 PM



120 Section 2 EVALUATION AND DIAGNOSIS

CONCLUSIONS

Ultrasound imaging, particularly translabial or transperineal 
ultrasound, is becoming the new diagnostic standard in uro-
gynecology. Several factors have contributed to its acceptance, 
but the most important is the availability of suitable equipment. 
Developments such as the assessment of levator activity and pro-
lapse and the use of color Doppler to document urine leakage 
enhance the clinical usefulness of the method. Increasing stan-
dardization of parameters should make it easier for clinicians and 
researchers to compare data.

The convenience with which pretreatment and post-
treatment imaging data is obtained can simplify outcome studies 
after prolapse and incontinence surgery. Ultrasound imaging 
may be able to signifi cantly enhance our understanding of the 
different mechanisms by which conservative and surgical methods 
achieve—or fail to achieve—continence. It may even be possible 
to identify distinct fascial defects, such as defects of the rectovagi-
nal septum in true rectoceles, which should generate new surgical 
possibilities.

Regardless of which methodology is used to determine descent 
of pelvic organs, it is evident that there is a wide variation in 

Figure 9-37 Perigee and Apogee mesh implants are seen in a patient with massive levator ballooning, and despite this, prolapse repair was 
successful. Both implants appear fl at and smooth, and both are functional, blocking a large part of the hiatus during a Valsalva maneuver.

Figure 9-36 A Perigee transobturator mesh implant is imaged in the midsagittal plane (left) and as an oblique axial rendered volume (right). 
Reproduced from ASUM Bulletin 2007; 10:17-23, with permission.
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pelvic organ mobility, even in young, nulliparous women. This 
variation is likely to be at least partly genetic in origin. Ultra-
sound imaging allows quantifi cation of the phenotype of pelvic 
organ prolapse, which will facilitate molecular and population 
genetic approaches to evaluate the cause of pelvic fl oor and 
bladder dysfunction.

Childbirth causes signifi cant alterations of pelvic organ sup-
port and levator structure and function, and there is some rela-
tionship between the prior state of pelvic organ supports and labor 
outcome. Pelvic fl oor ultrasound can help us in identify women 

at high risk of emergency operative delivery,144 and in the future 
we will be able to predict signifi cant pelvic fl oor trauma. It remains 
to be seen, however, whether such information can have a positive 
effect on clinical outcomes in what is no doubt a highly politicized 
environment.

The use of 3D volume ultrasound adds several dimensions to 
pelvic fl oor imaging, particularly in its most recent incarnations 
using automatic volume acquisition, 4D cine volume ultrasound, 
SRI techniques, and TUI. Spatial resolutions now equal or exceed 
those obtained on static MRI, and temporal resolutions are far 
superior, although most clinicians working in this fi eld are largely 
unaware of recent developments because of a traditional lack of 
access to imaging techniques. The technology opens up new pos-
sibilities for observing functional anatomy and examining mus-
cular and fascial structures of the pelvic fl oor. Data acquisition 
can be simplifi ed and research capabilities enhanced, and surgical 
audits in this fi eld are likely to undergo a signifi cant change. 
Modern imaging will allow us to optimize current surgical tech-
niques and to develop new ones.

There is no evidence to prove that modern imaging tech-
niques can improve outcomes in pelvic fl oor medicine for 
patients. However, this limitation is true for many diagnostic 
modalities in clinical medicine. Because of methodologic prob-
lems, the situation is unlikely to improve soon. In the meantime, 
it must be recognized that any diagnostic method is only as good 
as the operator behind the machine, and diagnostic ultrasound 
is well known for its operator-dependent nature. Training is 
essential to ensure that imaging techniques are used appropri-
ately and effectively.
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Clinical neurophysiologic tests have been proposed for research 
applications in patients with sacral dysfunction, but the emphasis 
in this chapter is on describing investigations with established 
diagnostic value. The roles of electrodiagnostic tests in various 
clinical conditions are described fi rst, and brief descriptions of 
these investigative procedures are given at the end of the 
chapter.

CLINICAL APPLICATION OF SACRAL 
ELECTRODIAGNOSTIC TESTS

Electrodiagnostic tests are an extension of the clinical neurologic 
examination, and they are helpful in evaluating patients in whom 
a neurologic lesion is suspected. An international consensus 
statement proposes that sacral electrodiagnostic studies are most 
useful in patients with focal peripheral sacral lesions (i.e., conus 
medullaris, cauda equina, sacral plexus, and pudendal nerve 
lesions), in patients with multiple system atrophy, and in women 
with urinary retention.1 They can document the severity of a 
clinically diagnosed lesion and provide data on the integrity of 
various neurologic structures. However, these tests have limita-
tions. They require trained personnel to be properly performed, 
they are not useful for screening, and they are uncomfortable for 
the patient. The results do not correlate well with clinical bladder, 
anorectal, or sexual dysfunction.

Neurogenic sacral organ dysfunction can be caused by a 
variety of neurologic disorders, but the value of sacral electrodi-
agnostic studies in such patients may be minor. In patients with 
brain and spinal cord disease, who may have pronounced pelvic 
organ complaints, imaging studies—magnetic resonance imaging 
(MRI) in particular—are more useful for establishing the under-
lying neurologic diagnosis. In this context, neurophysiologic 
testing outside the pelvic region may provide information about 
relevant abnormal spinal conduction, and somatosensory evoked 
potentials (SEPs) elicited by stimulation of the tibial nerve are 
more useful in these circumstances than pudendal SEPs.2,3 Simi-
larly, in patients with sacral dysfunction due to a generalized 
peripheral neuropathy such as diabetes, nerve conduction studies 
in the lower limbs are a more sensitive adjunct to clinical exami-
nation than are sacral electrodiagnostic studies.4

ASSESSMENT OF PATIENTS BEFORE 
ELECTRODIAGNOSTIC TESTING

Clinical and laboratory evaluation of a woman with pelvic organ 
dysfunction is necessary before electrodiagnostic investigations 
can be considered. This order is followed so that there can be 

proper formulation of the questions for those in the clinical 
neurophysiology laboratory carrying out the tests. Examples of 
such questions are listed in Box 10-1.

Necessary preliminary investigations may include urodynam-
ics, anorectal manometry, cine defecography, or colonic transit 
studies. Imaging studies such as ultrasound, computed tomogra-
phy (CT), and MRI of the anorectum and the lower urinary and 
genital tracts may aid the diagnosis because they can exclude 
structural abnormalities (e.g., anal sphincter tears, abnormal 
position of the bladder neck, vaginal wall prolapse) that can cause 
or contribute to sacral organ dysfunction.

ELECTRODIAGNOSTIC TESTING IN WOMEN WITH 
SACRAL COMPLAINTS

Incontinence after Childbirth

Research studies have used needle electromyography to examine 
the extent of nerve damage contributing to urinary stress incon-
tinence after childbirth. The fi rst studies using single-fi ber elec-
tromyography (SFEMG) to look at fi ber density showed partial 
reinnervation changes in the external anal sphincter (EAS)5 and 
pubococcygeus muscles in women with stress incontinence and 
genital prolapse.6 Needle electromyographic examination of the 
pubococcygeus muscle revealed a signifi cant increase in motor 
unit potential (MUP) duration (i.e., an indication of reinnerva-
tion) after vaginal delivery, which was most marked in women 
with urinary incontinence 8 weeks after delivery, a prolonged 
second stage, and heavier babies.7 However, an electromyo-
graphic study, using less biased methods of automated MUPs and 
interference pattern analysis, questioned the widely held notion 
that signifi cant damage to the innervation of the EAS occurs even 
during uncomplicated deliveries. Although vaginal delivery was 
related to minor electromyographic abnormalities, there was no 
indication that this correlated with loss of sphincter function.8 A 
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Is there a neurogenic component to this patient’s com-
plaint?

How severe is the neurologic damage?
Are there signs of acute denervation or chronic re-

innervation?
Is there abnormal sphincter electromyographic activity 

suggesting a cause for obstructed voiding or urinary 
retention?

Box 10-1 Questions to Consider before
 Requesting Electrodiagnostic Testing

Chapter 10

ELECTROPHYSIOLOGIC EVALUATION OF 
THE PELVIC FLOOR
Simon Podnar and Clare J. Fowler
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histomorphologic study supported these data by failing to 
demonstrate signifi cant neuropathic changes in pelvic fl oor 
muscles.9 In the urethral sphincter, in contrast, electromyogra-
phy and muscle biopsy showed more neuropathic changes in 
women with stress incontinence than in controls.10 Even uncom-
plicated delivery may cause some distal pudendal nerve damage. 
Signifi cant neurogenic damage proximal to the EAS muscle 
innervation probably occurs only rarely,11 and it is mainly caused 
by compression of the sacral plexus by fetal head.12 The preva-
lence and relevance of minor proximal injuries is unknown.

Kinesiologic electromyography performed using hook elec-
trodes so that a prolonged recording could be made without 
causing discomfort showed some loss of coordination between 
the two sides of the pubococcygeus muscle in women with stress 
incontinence, implying an abnormal primary role of the central 
nervous system or a neurologic response to muscle or tendon 
damage.13 In addition to age-related neurogenic changes, the 
interference pattern changes consistent with motor unit loss, and 
failure of central activation has been found in the levator ani and 
EAS muscles of women with stress incontinence.14

Suffi cient research data exist for us to know that the changes 
of denervation in pelvic fl oor in stress incontinence do occur, but 
they are quite subtle. Sphincter electromyography does not have 
an important role in the routine investigation in stress 
incontinence.

Although extensively used in the past,15,16 the pudendal nerve 
terminal motor latency test is probably of no clinical use in 
women with urinary stress incontinence.11 Nerve latencies evalu-
ate only the fastest nerve fi bers and are therefore not sensitive to 
axonal loss, which is the major type of damage causing muscle 
denervation.

Detrusor Overactivity

Detrusor overactivity may result from neurologic disease or 
occur in an otherwise healthy individual, in which case the condi-
tion is called idiopathic detrusor overactivity. Clinical neurologic 
examination is the most useful means of differentiating these two 
entities. In addition to the clinical examination, imaging studies 
and electrodiagnostic tests of central nervous system conduction 
(i.e., motor evoked potentials [MEPs] and SEPs) may reveal 
underlying spinal cord disease, such as multiple sclerosis. In this 
respect, tibial SEPs are the most useful investigation.2,3

Extensive neurophysiologic investigations (e.g., electromyog-
raphy of the EAS, bulbocavernosus refl ex after dorsal clitoral 
nerve stimulation, tibial and pudendal SEPs, MEPs on cortical 
magnetic stimulation, recording from the EAS and abductor hal-
lucis brevis muscles) in women with idiopathic detrusor overac-
tivity failed to reveal any abnormality.17 No signifi cant differences 
were reported in comparing this group with a group of 13 age-
matched, healthy control women, thereby excluding even an 
occult neurologic abnormality. This result supports the view that 
idiopathic detrusor overactivity is caused by intrinsic bladder 
defects (i.e., neurogenic or myogenic). The role of electro-
diagnostic investigations in detrusor overactivity is limited to 
establishing or excluding an underlying neurologic disease.

Urinary Retention

Isolated urinary retention in young women was formerly consid-
ered to be psychogenic or the fi rst symptom of multiple sclerosis. 
However, needle electromyography of the urethral sphincter 

muscle has demonstrated that many such patients have profuse, 
complex, repetitive discharges and decelerating burst activity 
(Fig. 10-1).18 The cause of this activity is unknown, but an asso-
ciation with polycystic ovaries was described in a syndrome by 
Fowler and colleagues.19 The explanation probably lies with some 
unidentifi ed hormonal susceptibility of the female striated ure-
thral sphincter muscle that causes a loss of stability of the muscle 
membrane and permits direct muscle fi ber to muscle fi ber 
(ephaptic) transmission to develop, which manifests as complex, 
repetitive discharges. The current hypothesis is that the sustained 
contraction of the urethral sphincter has an inhibitory effect on 
the detrusor, resulting in urinary retention.

When recording from the striated urethral sphincter in this 
condition, only complex repetitive discharges (which sound like 
helicopters) may be heard, and the distinction between these and 
reinnervated motor units can be problematic, but if decelerating 
bursts (which sound like underwater recordings of whales) are 
also present, it is easier to be certain that the characteristic elec-
tromyographic activity has been recorded. Although electro-
myography may indicate the presence of an abnormality, it is 
inevitably only a very limited sample of the muscle activity in the 
immediate vicinity, and it is diffi cult to know whether the abnor-
mality is suffi cient to account for the clinical fi nding of complete 
or partial urinary retention. The investigations that have proved 
to be useful adjuncts are measurement of the urethral pressure 
profi le and volume of the urethral sphincter muscle estimated 
with ultrasound.20 Young women with urinary retention due to 
the urethral sphincter abnormality often have urethral pressure 
profi les in excess of 100 cm H2O.

The typical clinical presentation of Fowler’s syndrome is of a 
young woman with spontaneous onset of urinary retention or 
retention after some sort of operative intervention. The mean age 
of a series of women with this problem was 27 years, and a spon-
taneous onset appears to be more common in women younger 
than 30 years.21 The woman may present with a bladder capacity 
in excess of 1 L, and although this may cause painful distention, 
she lacks any of the expected sensations of urinary urgency. There 
may or may not be a history of infrequent voiding before the 
onset of urinary retention. These women are taught to do clean, 
intermittent self-catheterization and commonly experience dif-
fi culties with the technique, particularly pain and diffi culty in 

Figure 10-1 Profuse pathologic spontaneous activity (i.e., complex 
repetitive discharges) in the urethral sphincter muscle of a 26-year-
old, otherwise healthy woman with an 8-year history of diffi cult 
emptying of the bladder. Her sister has similar problems and 
electromyographic abnormalities of the urethral sphincter muscle. 
Activity was provoked by movement of the concentric needle 
electrode or by voluntary muscle contraction.
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removing the catheter. A retrospective study of 248 women pre-
senting with urinary retention over a 5-year period showed that 
this was by far the most common cause for urinary retention in 
young women.22

Patients with Fowler’s syndrome seem to respond particularly 
well to sacral neuromodulation.23 Although the mechanism of its 
action is still the subject of research using functional brain 
imaging methods,24 stimulation does not appear to lower the 
urethral pressure profi le or cause a cessation of the abnormal 
electromyographic activity.25

The same type of abnormal spontaneous electromyographic 
activity may also occur in women with obstructed voiding. The 
electromyographic abnormality may persist during attempts at 
micturition,26 leading to interrupted fl ow, high detrusor pressure, 
low fl ow, and incomplete bladder emptying. It is thought that in 
this condition, the overactive urethral sphincter, although it pro-
duces obstruction, does not have the same inhibitory effect on 
the detrusor muscle as it does in women who become unable to 
void and develop urinary retention. Because needle electromyog-
raphy of the urethral sphincter detects changes related to dener-
vation and reinnervation, as well as this peculiar abnormal, 
spontaneous activity, it has been proposed that needle electro-
myography of the urethral sphincter muscle should always be 
undertaken in women with unexplained urinary retention.1,18

Anal Incontinence

Needle electromyography of the EAS was thought to be useful in 
patients with anal incontinence.27 However, there is no consensus 
regarding the utility of electrophysiologic testing in neurologi-
cally normal patients with isolated anal incontinence. In a series 
evaluated by Podnar and coworkers,28 patients with isolated anal 
incontinence rarely had neuropathic electromyographic changes 
in sacral segments. In a subgroup of patients in whom no cause 
of anal incontinence could be established (i.e., idiopathic anal 
incontinence), the only electrophysiologic abnormality found 
was a diminished number (absence) of continuously fi ring, low-
threshold motor units during relaxation.28 In patients with fecal 
incontinence and an increased fi ber density on SFEMG, lower 
anal squeeze pressures and diminished rectal sensation have been 
demonstrated. If marked changes of denervation and reinnerva-
tion are found in the EAS in the appropriate clinical setting, a 
more generalized disorder, such as multiple system atrophy or a 
cauda equina or conus medullaris lesion, should be considered. 
If performed, it is probably better that needle electromyography 
follows an anal ultrasound examination that excludes structural 
lesions of the sphincter mechanism.29

Chronic Constipation

Constipation occurs for a variety of reasons. Its prevalence 
depends on the diagnostic criteria applied. Radiographic methods 
can demonstrate prolonged colonic transit (using radiopaque 
markers) and abnormal pelvic fl oor movement during defecation 
(using cine defecography), which are the main mechanisms.30 
Electromyography can be used to demonstrate continuous 
puborectalis muscle contraction characteristic of a subtype of 
obstructed defecation (i.e., nonrelaxing puborectalis syndrome),31 
but this would be considered only if other investigations sug-
gested that particular pathophysiology.

Chronic constipation with repetitive straining was thought to 
be the main cause of advancing pudendal neuropathy and 

increased fi ber density identifi ed on SFEMG in patients with 
urinary and anal incontinence.32 Semiquantitative or quantitative 
MUP changes on conventional electromyography of the EAS 
muscles of severely constipated subjects have been reported by 
some investigators. In a study using advanced MUP and interfer-
ence pattern analysis, no abnormalities were demonstrated in the 
EAS muscles of patients with mild chronic constipation. This 
fi nding is important for the interpretation of electromyographic 
fi ndings in patients with other conditions, a signifi cant propor-
tion of whom also suffer from chronic constipation.33

Sexual Dysfunction

Neurophysiologic techniques have been applied extensively in 
the research of male erectile dysfunction, but much less research 
has gone into female sexual dysfunction. Pudendal SEP record-
ings have been employed in women with sexual dysfunction due 
to spinal cord lesions, multiple sclerosis, and diabetes,34 but in a 
placebo-controlled trial of the effect of sildenafi l citrate in women 
with sexual dysfunction and multiple sclerosis, the pudendal SEP 
was not found to be contributory.35 Pudendal SEPs usually have 
been found to be of no greater value than clinical examination 
in detecting relevant spinal cord disease.3

ELECTRODIAGNOSTIC TESTING IN WOMEN WITH 
ESTABLISHED NEUROLOGIC DISEASE

Cauda Equina and Conus Medullaris Lesions

Lesions of the cauda equina or conus medullaris may cause severe 
bladder, bowel, and sexual dysfunction. The sacral roots that 
innervate pelvic organs may be compressed within the spinal 
canal by intervertebral disk herniation, spinal fractures, hemato-
mas, and tumors or may be a result of lumbar disk surgery.

After detailed clinical examination of the lumbosacral seg-
ments (with particular emphasis on perianal sensation), neuro-
physiologic testing can assess the severity of the lesion and 
clarify the diagnosis. In our series, approximately 10% of patients 
with cauda equina lesions reported normal perianal sensation. 
Bilateral needle electromyography of the EAS muscle (Fig. 10-2) 
and sometimes of the bulbocavernosus muscle and electrophy-
siologic evaluation of the bulbocavernosus refl ex (Fig. 10-3) are 
the electrodiagnostic tests that should be considered. Most of 
these lesions cause partial denervation. Three weeks to several 
months after injury, spontaneous denervation activity and later 
reinnervation MUP changes can be demonstrated by needle 
electromyography (Fig. 10-4). The bulbocavernosus refl ex 
complements electromyography and increases sensitivity of 
electrodiagnostic studies in patients with cauda equina or conus 
medullaris lesions.

Sacral Plexus and Pudendal Nerve Lesions

After uncomplicated deliveries, electromyographic changes in 
the EAS are minor,8 but they may be more pronounced in the 
urethral sphincter muscle.10 It is commonly assumed that these 
lesions may be contributory to some degree in the pathogenesis 
of urinary stress incontinence and pelvic organ prolapse in 
women.11 However, electrodiagnostic testing in these women is 
recommended only when a proximal peripheral sacral neuro-
genic lesion is a possibility.1
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Other lesions of the sacral plexus and pudendal nerves are less 
common than are cauda equina or conus medullaris lesions. 
They can be caused by pelvic fractures, hip surgery, complicated 
deliveries,12 malignant infi ltration, local radiotherapy, and use of 
orthopedic traction tables. They are usually unilateral. There are 
no validated techniques for differentiating cauda equina lesions 
from more distal lesions.

Parkinsonism and Multiple System Atrophy

Multiple system atrophy is a progressive neurodegenerative 
disease of unknown origin that is often mistaken for Parkinson’s 
disease in its early stages. It is characterized at onset by an aki-
netic, rigid parkinsonian syndrome; cerebellar ataxia; or auto-

nomic failure, usually accompanied by severe incontinence. In 
the advanced stages of the disease (formerly called Shy-Drager 
syndrome), all these features may be present. The severe and early 
incontinence probably results from neuronal atrophy in the 
brainstem, which causes detrusor overactivity, and in the sacral 
spinal cord, where degeneration of the parasympathetic inter-
mediolateral cell columns causes incomplete emptying and 
degeneration of the somatic anterior horn cells forming Onuf’s 
nucleus causes incontinence.

Using needle electromyography of the sphincter muscles pro-
longed duration of MUPs has been described as the main elec-
trodiagnostic marker for degeneration of Onuf’s nucleus.36-38 
Changes consistent with chronic reinnervation can also be dem-
onstrated as an increase in fi ber density on SFEMG. Sphincter 
electromyography may not be sensitive in the early phase of the 
disease, and it is not specifi c after 5 years of parkinsonism. The 
changes of chronic reinnervation may also be found in another 
parkinsonian syndrome, progressive supranuclear palsy,39 a 
disease in which neuronal loss in Onuf’s nucleus has been dem-
onstrated histologically.40

Unilateral needle electromyography, including observation of 
denervation activity and quantitative MUP analysis, is indicated 
in patients with suspected multisystem atrophy, particularly in 
its early stages if the diagnosis is unclear.38,41 If the test result 
is normal, but suspicion of the diagnosis persists, it may be of 
value to repeat the test later. Kinesiologic electromyography per-
formed during urodynamics can also help to document detrusor-
sphincter dyssynergia in patients with Parkinson’s disease or 
multiple system atrophy.42

Primary Muscle Diseases

There are no reports of a myopathy manifesting or remaining 
confi ned to the pelvic fl oor or sphincter muscles. Even in patients 
with a generalized myopathy, normal and abnormal muscle 
biopsy and needle electromyographic fi ndings and abnormal 
histology with normal electromyographic fi ndings have been 
reported.

Figure 10-2 Motor unit potential (MUP) analysis of the external 
anal sphincter (EAS) muscles of a 53-year-old woman 8 years after 
a traumatic fracture of the L4 vertebra. She continues to have back 
pain radiating to the right leg, right leg weakness with paresthesia, 
and moderate bladder, bowel, and sexual dysfunction. MUPs were 
within normal limits in the left EAS muscle and defi nitely abnormal 
in the right EAS muscle. Quantitative sphincter electromyography 
fi ndings were compatible with a lesion of the right half of the 
cauda equina.

Figure 10-3 Bulbocavernosus refl ex (BCR) on electrical stimulation in a 42-year-old woman with a sudden onset of urinary frequency, 
urgency, and incontinence 4 years earlier. On clinical examination, she reported normal sensation of touch and abnormal sensation of 
temperature and pinprick (i.e., dissociated sensory loss) in sacral segments on the right. Notice a very prolonged latency of the BCR on the 
right (56 ms) and a normal latency response on the left (34 ms). On concentric needle electromyography, defi nite motor unit potential 
abnormalities were found in the right and normal results in the left external anal sphincter muscle. She had an episode of right-sided 
retrobulbar neuritis 6 years before the onset of transient urinary dysfunction. Brain magnetic resonance imaging revealed several lesions in 
the white substance of the brain consistent with demyelinization. Based on these data, the diagnosis of multiple sclerosis was made.

Ch010-X2339.indd   128 1/31/2008   2:14:29 PM



 Chapter 10 ELECTROPHYSIOLOGIC EVALUATION OF THE PELVIC FLOOR 129

Exclusion of a Neurologic Lesion

Occasionally, it may be necessary to exclude a neurologic basis 
for bladder dysfunction. A normal EAS muscle electromyo-
graphic pattern indicates integrity of the sacral lower motor 
neuron, a normal bulbocavernosus refl ex indicates preservation 
of the sacral refl ex arc (including conus medullaris with parasym-
pathetic sacral center), a normal sympathetic skin response indi-
cates preservation of the sympathetic lumbosacral center, and a 
normal pudendal SEP correlates with preserved spinal somato-
sensory pathways.43

ELECTRODIAGNOSTIC TESTS

Electromyography

Electromyography relies on the extracellular recording of spon-
taneous and refl exively or voluntarily provoked bioelectrical 
activity generated by muscle fi bers. Bioelectrical activity consist-
ing of action potentials is generated by depolarization of muscle 
fi bers. Motor neurons that innervate striated pelvic fl oor and 
sphincter muscle lie in the anterior horn of the sacral spinal cord 
(i.e., conus medullaris). Within the muscle, the motor axon 

tapers and then branches to innervate muscle fi bers constituting 
an individual motor unit. In health, muscle fi bers that belong to 
the same motor unit do not lie adjacent to one another (i.e., 
checkerboard pattern of muscle innervation).

Concentric Needle Electromyography
The needle electrode most commonly used in electromyography 
is the single-use, disposable, concentric needle electrode. It can 
provide information on insertion activity, spontaneous activity, 
MUPs, and interference patterns.41

In healthy skeletal muscle, initial placement of the needle 
elicits a short burst of insertion activity due to mechanical stimu-
lation of excitable membranes. Absence of insertion activity with 
an appropriately placed needle electrode (if all technical causes 
have been excluded) may mean complete denervation of the 
muscle being examined. In contrast to most other skeletal 
muscles, the sphincter muscles exhibit continuous fi ring of low-
threshold motor units. This activity can be quantifi ed most easily 
and reproducibly by template-operated MUP sampling tech-
niques (e.g., multi-MUP analysis), which provides information 
on excitability and loss of motor units.28 An abnormal, spontane-
ously active type of activity may be recorded from the urethral 
sphincter muscle in some young women with retention or 
obstructed voiding, so-called decelerating bursts and complex 
repetitive discharges (see Fig. 10-1).18,21

Between 10 and 20 days after an acute denervating injury, the 
abnormal, spontaneous activity appears: fi brillation potentials 
and positive sharp waves (Fig. 10-4). This type of activity origi-
nates from denervated, single muscle fi bers. In partially dener-
vated sphincter muscle, this activity is mingled with continuously 
fi ring MUPs, and examination of the bulbocavernosus muscle, 
which in contrast to sphincter muscles lacks on-going MUP 
fi ring during relaxation, is particularly useful.41

Examination of MUPs recorded by a needle electrode has 
proved to be the most valuable process in the neurophysiologic 
assessment of the pelvic fl oor. A MUP is generated by summation 
of action potentials of all muscle fi bers constituting individual 
motor unit, and MUP morphology is determined by the bioelec-
trical characteristics of muscle fi bers constituting the motor unit 
and by their spatial distribution. In partially denervated muscle, 
collateral reinnervation tends to take place, and surviving motor 
nerves sprout and grow out to reinnervate muscle fi bers that have 
lost their nerve supply. This results in a change in the arrange-
ment of muscle fi bers within the motor unit and in a consequent 
change in MUP shape (see Figs. 10-2 and 10-4), which can be 
quantitatively described by several MUP parameters (Fig. 10-5). 
For diagnosis of neuropathic changes in the EAS muscle, an 
optimal set of MUP parameters (i.e., area, duration, and number 
of turns) was identifi ed.44 In addition to duration, MUP ampli-
tude and number of phases traditionally were used.

MUPs are identifi ed by their repetitive appearance in a pro-
longed recording of electromyographic activity (i.e., manual-
MUP analysis), using a trigger and delay line (i.e., single-MUP 
analysis) or using the template-based multi-MUP analysis. The 
multi-MUP analysis is an automated computer operated analysis, 
and is fast (5 to 10 minutes per muscle), easy to apply, and mini-
mizes examiner’s bias.45 A representative sample of 20 MUPs (i.e., 
standard number in limb muscles) must be analyzed for the test 
to be valid (see Fig. 10-2).

The EAS muscle is regarded as the best indicator muscle for 
proximal neuropathic sacral lesion, and bilateral examination of 
only the subcutaneous EAS muscle usually suffi ces.46 Normative 

Figure 10-4 Spontaneous denervation electromyographic (EMG) 
activity is seen during relaxation (top), and a single, extremely 
polyphasic motor unit potential (MUP) is recruited on maximal 
voluntary contraction (bottom). The former is a sign of muscle fi ber 
denervation, and the latter is a sign of collateral reinnervation. Both 
signals were recorded by a concentric EMG needle in the left 
subcutaneous external anal sphincter muscle of a 50-year-old 
woman 3 months after surgery for a large, centrally herniated 
intervertebral disk (between L5 and S1).
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data for the EAS muscle have been published and show no sig-
nifi cant changes with age, gender, number of uncomplicated 
vaginal deliveries,8 and mild, chronic constipation.33 Similar 
in-depth analysis of normative data from standardized technique 
for other pelvic fl oor and perineal muscles is not available.

At increased levels of voluntary and refl ex activation, a more 
dense interference pattern can be seen. This can be quantitatively 
assessed, but its sensitivity for detecting neuropathic EAS muscles 
is only about one half of that for MUP analysis techniques.45 
Qualitative assessment of the interference pattern has been rec-
ommended for sphincter and pelvic fl oor muscles to assess motor 
unit loss.41

Kinesiologic Electromyography
The aim of kinesiologic electromyography is to assess patterns of 
individual muscle activity during physiologic maneuvers (e.g., 
electromyographic activity patterns of pelvic fl oor muscle during 
bladder fi lling and voiding). Various types of surface or intra-
muscular (needle or hook wire) electrodes can be used for record-
ing kinesiologic electromyography, but there are often technical 
problems to overcome, such as electrical artifacts and contamina-
tion with electromyographic signals from other muscles. Large 
pelvic fl oor muscles are not adequately represented by the signal 
measured with intramuscular electrodes.

Little is known about the normal activity patterns of different 
pelvic fl oor and sphincter muscles. It is assumed that they all act 
in a coordinated fashion, which is frequently lost in abnormal 
conditions.26 On voiding, disappearance of all electromyographic 
activity in the urethral sphincter precedes detrusor contraction. 
In central nervous system disorders, however, detrusor contrac-
tions may be associated with an increase of sphincter electromyo-
graphic activity (i.e., detrusor-sphincter dyssynergia),47 which 
can be most easily demonstrated by kinesiologic electromyogra-
phy performed during cystometry.

Conduction Studies

Conduction studies examine the capacity of a nerve (or a nervous 
pathway) to transmit a test volley of depolarization along its 
length. If the tested nerve contains motor fi bers, its responsive-
ness can be recorded from the muscle as a compound muscle 
action potential (CMAP).48 The time taken from stimulation to 
muscle response (i.e., latency) and the amplitude of the muscle 
response can be measured. The latency refl ects the conduction 
speed of only the fastest motor fi bers and is therefore a poor 
guide to the overall function of the nerve. The amplitude of the 
CMAP refl ects the number of intact motor units and gives a 
somewhat better guide to the severity of a neuropathic lesion. 
However, in anatomically complex muscles of the pelvis, record-
ing of a well-formed CMAP is diffi cult.49

Pudendal Nerve Terminal Motor Latency
Terminal motor latency of the pudendal nerve can be measured 
by recording with a concentric needle electrode from the bulbo-
cavernosus, EAS, or urethral sphincter muscles in response to 
bipolar stimulation placed on the perianal or perineal surface. 
The latencies of MEPs obtained by this means are between 4.7 
and 5.1  ms.50

The more widely employed technique of obtaining the 
pudendal terminal motor latency relies on a bipolar stimulating 
electrode fi xed to the tip of the gloved index fi nger, with the 
recording electrode pair placed 8  cm proximally on the base 
of the fi nger (i.e., St. Mark’s stimulator).51 The fi nger is inserted 
into the rectum or vagina, and stimulation is performed 
close to the ischial spine. Using this stimulator, the terminal 
motor latency for the EAS CMAP is typically about 2  ms.51 If a 
catheter-mounted electrode is used, responses from the urethral 
sphincter can also be obtained. The difference in latencies 
obtained by the perineal and transrectal methods has not yet 
been explained. Unfortunately, amplitudes of the pudendal 
CMAP have not proved contributory because of their large 
variability.1

Electrical and Magnetic Stimulation of Sacral Roots
With development of special electrical and magnetic stimulators, 
transcutaneous stimulation of deeply situated nervous tissue 
became possible. When applied over the spine, the roots at the 
exit from the vertebral canal mainly are stimulated.49 Recording 
of MEPs with magnetic stimulation has been less successful, at 
least with standard coils, than with electrical stimulation, and 
there is often a large stimulus artifact. Positioning of the ground 
electrode between the recording electrodes and the stimulating 
coil should decrease the artifact.49,52

Sacral Refl exes
Sacral refl exes refer to electrophysiologically recordable responses 
of perineal or pelvic fl oor muscles to electrical stimulation in the 
urinary-genital-anal region. Two refl exes, the anal and the bul-
bocavernosus refl ex, are commonly clinically elicited in the lower 
sacral segments. Both have the afferent and efferent limb of their 
refl ex arc in the pudendal nerve, and both are centrally integrated 
at the S2 to S4 cord levels.49,53 In women, the bulbocavernosus 
refl ex is clinically elicited by squeezing or taping of the clitoris 
and observing movement of the perineum or anal sphincter. It 
is, however, much less reliable than in men,53,54 and in our 
opinion, is not useful. The anal refl ex is elicited by a pinprick of 
the perianal skin, producing an anal wink.

Figure 10-5 Motor unit potential (MUP) parameters. Amplitude is 
the voltage difference (μV) between the most positive and most 
negative point of the MUP trace. The MUP duration is the time 
(ms) between the fi rst defl ection and the point when MUP 
waveform fi nally returns to the baseline. The number of MUP 
phases (circles) is defi ned by the number of MUP areas alternately 
below and above the baseline and can be counted as the number 
of baseline crossings plus one. Turns (asterisks) are defi ned as 
changes in direction of the MUP trace that are larger than the 
specifi ed amplitude (50 μV). MUP area measures the integrated 
surface of the MUP waveform (shaded area).
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Electrophysiologic correlates of these refl exes have been 
described using electrical, mechanical, and magnetic stimulation. 
Whereas the latter two modalities have been applied only to the 
clitoris, electrical stimulation can be applied to other sites, such 
as the dorsal clitoral nerve and perianal area. Responses are 
usually detected by needle electrode inserted into the EAS or 
bulbocavernosus muscle. The bulbocavernosus detection site is 
preferred because traces do not contain continuously fi ring, 
low-threshold MUPs.

The bladder neck or proximal urethra can be stimulated using 
a catheter-mounted ring electrode, and refl ex responses can be 
obtained from perineal muscles. With visceral denervation, such 
as after radical hysterectomy, these refl exes may be lost while the 
sacral refl ex mediated by pudendal nerve is preserved. Loss of 
vesicourethral refl ex with preservation of vesicoanal refl ex has 
been described for patients with urethral afferent injury after 
recurrent urethral operations.

Reports of sacral refl exes obtained after electrical stimulation 
of the clitoral nerve give consistent mean latencies of between 31 
and 39 ms (see Fig. 10-3). Sacral refl ex responses obtained on 
perianal, bladder neck, or proximal urethra stimulation have 
latencies between 50 and 65 ms.49 This more prolonged response 
is thought to be caused by the afferent limb of the refl ex being 
conveyed by thinner myelinated pelvic nerves with slower con-
duction velocities than the thicker myelinated pudendal affer-
ents. The longer-latency anal refl ex, the contraction of the EAS 
on stimulation of the perianal region, may also have thinner 
myelinated fi bers in its afferent limb because it is produced by a 
nociceptive stimulus.49

Sympathetic Skin Response
The sympathetic skin response is a refl ex served by myelinated 
sensory fi bers (i.e., afferent limb), a complex central integrative 
mechanism, and sympathetic postganglionic nonmyelinated C 
fi bers (i.e., efferent limb).55 The responses can be recorded from 
the perineum with some diffi culty. The stimulus used in clinical 
practice typically is an electrical pulse delivered to a peripheral 
nerve in the limbs, but the genital organs also can be stimulated. 
Only an absent sympathetic skin response can be considered 
abnormal. The response is reportedly useful in the assessment of 
patients with neuropathies involving unmyelinated nerve fi bers56 
and patients with spinal cord injury. In the latter group, it may 
serve as an indicator of the preserved sympathetic lumbosacral 
center, which is particularly important for bladder neck 
competence.57

Cerebral Somatosensory Evoked Potentials
The pudendal evoked response is easily recorded after electrical 
stimulation of the dorsal clitoral nerves. The fi rst positive peak 
at 41 ± 2.3 ms (called P1 or P40) is usually clearly defi ned in 
healthy subjects. This SEP is of the highest amplitude (0.5 to 
12  μV) at a site central over the sensory cortex and is highly 
reproducible. Later negative (at about 55 ms) and then additional 
positive waves are quite variable in amplitude and expression and 
have little known clinical relevance.49

Cerebral SEPs can be obtained on stimulation of the bladder 
urothelium. These cerebral SEPs have low amplitudes (≤1  μV), 
have variable confi gurations, and may be diffi cult to identify in 
some control subjects. The typical latency of the most prominent 
negative potential (N1) is about 100 ms. The responses are of 
more relevance to neurogenic bladder dysfunction than the 
pudendal SEP, because the Aδ sensory afferents from bladder and 
proximal urethra accompany the autonomic fi bers in the pelvic 
nerves. Another stimulation site is the anal canal; after stimula-
tion, cerebral SEPs with a slightly longer latency than those 
obtained after stimulation of the clitoris have been reported. 
However, because it is not possible to record this response from 
all control subjects, these tests have not proved clinically useful. 
The rectum and sigmoid colon have also been stimulated, and 
cerebral SEPs of two types have been recorded. One was similar 
in shape and latency to the pudendal SEP, and the other was 
similar to the SEP recorded on stimulation of bladder and pos-
terior urethra.

CONCLUSIONS

Several electrodiagnostic tests have been proposed for evaluation 
of the sacral nervous system in women with bladder, bowel, and 
sexual dysfunction. Although all of the tests discussed here are of 
research interest, concentric needle electromyography is of great-
est value in the diagnostic evaluation of selected groups of patients 
with pelvic fl oor dysfunction: those with traumatic lesions and 
those with atypical parkinsonism. Bulbocavernosus refl ex and 
pudendal SEP studies are useful in the evaluation of selected 
patients with suspected peripheral or central neurogenic sacral 
lesions. Probably the only patients in whom sacral dysfunction 
in itself should be considered an indication for electromyography 
of the urethral sphincter are young women with unexplained 
urinary retention.
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Chapter 11

URODYNAMICS
H. Henry Lai, Christopher P. Smith, and Timothy B. Boone

The term urodynamics was fi rst coined by Davis1 in 1953 to defi ne 
the study of the storage and emptying phases of the lower urinary 
tract. Patients with voiding and storage symptoms cannot be 
reliably diagnosed by history and physical examination alone.2,3 
Urodynamic studies offer objective measurements of bladder 
and urethral functions and dysfunctions while reproducing the 
patient’s presenting symptoms.

REPRODUCTION OF SYMPTOMS FOR 
URODYNAMIC EVALUATION

The urodynamic armamentarium is extensive, including bedside 
eyeball urodynamics, noninvasive urofl owmetry, and multi-
channel fl uoroscopic studies (Table 11-1). A “refl ex hammer” 
approach to urodynamic testing is condemned. Before any uro-
dynamic evaluation, the clinician must formulate specifi c ques-
tions about the case, and a working diagnosis must be in place. 
The most accurate and least invasive study tailored to answer 
specifi c questions and to confi rm the diagnosis is performed. It 
is crucial that urodynamic tests reproduce the patient’s present-
ing symptoms. A study that does not duplicate the patient’s 
symptoms is not diagnostic.4 For instance, if a patient states that 
she loses urine only in an upright position, little is gained by a 
supine cystometrogram.5 Failure to record an abnormality on 
urodynamic assessment does not rule out its clinical existence.4 
Conversely, not all abnormalities detected on urodynamic tests 
are clinically signifi cant.4 If urodynamic testing reveals informa-
tion that is totally unexpected, the history and working diagnosis 
should be re-evaluated.

Urodynamic testing should be done in a quiet, private, and 
orderly suite with as little distraction and as few observers as 
possible so that patients can relax to replicate their usual voiding 
habits. Patients must be told what to expect, how the tests are 
done, and what information the clinician is seeking. For example, 
in evaluating incontinence, patients need to understand that the 
goal of the study is to demonstrate leakage characteristic of their 
experience, so that they do not voluntarily and mistakenly con-
tract the external sphincter to avoid the embarrassment of incon-
tinence and falsely elevate the abdominal leak point pressure 
(ALPP). In evaluating outlet obstruction, patients are encouraged 
to void as close to their normal pattern as possible so that they 
does not strain excessively nor involuntarily tighten the pelvic 
fl oor out of anxiety. Accurate interpretation of urodynamic 
studies is an art. It relies on patient cooperation and open com-
munication between the patient and the clinician during the 
procedure, allowing urodynamic events to be correlated with the 
patient’s symptoms in real time.

INDICATIONS, CONTRAINDICATIONS, 
AND PATIENT PREPARATION

Urodynamic assessment is indicated if the diagnosis is uncertain, 
empirical treatment has failed, or an invasive procedure or 
surgery is contemplated. Urodynamic testing is deferred during 
an active urinary tract infection or after recent instrumentation. 
When possible, patients with a chronically indwelling catheter 
should be started on intermittent catheterization before the study 
because bladder sensation, capacity, and compliance may be 
altered by a chronic Foley catheter. Routine antibiotic prophy-
laxis is unnecessary unless the patient is at high risk for urinary 
infection, endocarditis, or prosthetic infection.6 Patients with a 
history of or at risk for autonomic dysrefl exia (i.e., T6 or above 
spinal cord injury) should be pretreated with oral nifedipine or 
α-blockers and have their blood pressures monitored during 
urodynamic studies.7,8 If sweating, headache, fl ushing, severe 
hypertension, and refl ex bradycardia do not respond to bladder 
drainage, oral nifedipine or intravenous hydralazine, or both, 
should be administrated immediately. Pharmacologic agents may 
alter bladder and sphincter functions. Whether these medica-
tions should be stopped before the study depends on the goal of 
the study. If the goal is to evaluate the response to medications 
(e.g., response of bladder compliance to anticholinergics), the 
medications should be taken. If the goal is to uncover the cause 
of urge symptoms, the medications should be stopped before 
the study.

133

Table 11-1 The Urodynamic Armamentarium

Phase
Study of Bladder 
Functions Study of Urethral Functions

Storage Eyeball urodynamics
Cystometrogram
Video urodynamics

Detrusor leak point pressure
Abdominal leak point 

pressure
Resting urethral pressure 

profi lometry
Stress urethral pressure 

profi lometry
Video urodynamics

Voiding Urofl owmetry
Pressure-fl ow study
Video urodynamics

Urofl owmetry
Pressure-fl ow study
Micturitional urethral 

pressure profi lometry
Video urodynamics
Electromyography
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134 Section 2 EVALUATION AND DIAGNOSIS

Urodynamic Evaluation for Stress Urinary Incontinence

The indications for urodynamic evaluation of stress urinary 
incontinence (SUI) are controversial and deserve special consid-
eration. Many investigators argued that patients with classic SUI 
symptoms and obvious urethral hypermobility without associ-
ated irritative symptoms (e.g., urge, urge continence, nocturia), 
voiding dysfunction (e.g., weak stream, high postvoid residual 
volume), pelvic organ prolapse, neurologic disease, or history of 
incontinence surgery or radical pelvic surgery require no invasive 
urodynamic testing if they choose nonoperative treatments. Uro-
dynamic tests are indicated when empirical therapy is ineffective 
and surgery is planned; patients complain of a confusing mix of 
urge and stress incontinence symptoms or signifi cant emptying 
symptoms; or patients have equivocal urethral hypermobility, 
large prolapse, neurologic disease, or a history of failed inconti-
nence surgery or pelvic surgery.

Classically, preoperative urodynamic assessments help to 
defi ne the exact cause of incontinence and therefore guide the 
SUI surgical approach; evaluate detrusor function (e.g., capacity, 
instability, poor contractility) and identify patients at risk for 
voiding dysfunction (i.e., instability, retention) after SUI surgery; 
predict the impact of prolapse and its correction on storage and 
voiding functions; and identify urodynamic factors (e.g., high 
detrusor leak point pressure) that place the upper tract at risk 
postoperatively.9 In the modern era of minimally invasive pubo-
vaginal and mid-urethral slings, the roles of preoperative urody-
namics become more controversial. Although few would argue 
that additional information could be gleaned from preoperative 
testing (albeit with a fi nite risk of urinary infection), it remains 
unclear whether urodynamics can improve SUI surgical success 
or alter the surgical approach.10,11 Pubovaginal and mid-urethral 
slings appear to have reasonable success for any type and severity 
of SUI.12-15 Patients without preoperative urodynamic evaluation 
before mid-urethral synthetic slings appear to do as well as those 
who underwent preoperative urodynamics routinely.16 Neverthe-
less, urodynamics may identify subpopulation of patients at risk 
for postoperative failure or voiding complications (e.g., urge, 
retention).17-19

EVALUATION OF STORAGE FUNCTION

Eyeball Urodynamics

The so-called bedside eyeball urodynamics is the simplest of all 
tests. It enables detection of bladder sensation, overactivity, and 
capacity without sophisticated instruments. It requires only a 
catheter, fi lling syringe, normal saline, and careful observation. 
After voiding, a red rubber catheter is inserted, and the postvoid 
residual (PVR) volume is measured. A 60-mL syringe (with its 
barrel removed) is then used to fi ll the bladder under gravity. 
Intravesical pressure is estimated by the height of the saline 
column above the pubic symphysis. Changes in intravesical pres-
sure are detected as slowing of the rate of fall or a rise in the fl uid 
meniscus. Rising intravesical pressure may result from involun-
tary detrusor contraction (i.e., associated with a sudden urge to 
void and possibly leakage around the catheter), abdominal strain-
ing (i.e., the abdomen can be palpated or inspected to confi rm a 
Valsalva response), or poor bladder compliance. The bladder is 
fi lled until the patient is comfortably full. The catheter is removed, 
and the patient is asked to cough and perform a Valsalva maneu-
ver with increasing abdominal force. Stress incontinence, ure-

thral hypermobility, and pelvic organ prolapse are assessed in the 
lithotomy and upright positions. Pure SUI and stress-induced 
detrusor instability may be distinguished by the characteristics 
of the incontinence; the former is associated with a few drops of 
leakage, and the latter is associated with urge and continuous, 
uncontrollable voiding after the stress maneuver.

Cystometrography

A cystometrogram measures the intravesical pressure (Pves) 
during bladder fi lling. The bladder is fi lled physiologically (i.e., 
diuresis) or through a catheter using room-temperature saline, 
water, or contrast (for video urodynamic studies [VUDS]). Fluid 
infusion is preferred over gas (CO2) infusion because the fl uid is 
less irritative to the bladder than CO2, fl uid is noncompressible 
and can detect smaller detrusor contractions than CO2, fl uid 
leakage (i.e., incontinence) can be easily demonstrated, and leak 
point pressures, pressure-fl ow studies (PFSs), and anatomic 
studies can be performed using fl uid but not a gaseous medium. 
Pressure is transmitted through an intravenous line to an external 
strain gauge transducer, or it is measured directly on a catheter-
mounted, solid-state microtip transducer or fi beroptic 
transducer.20

In the single-channel cystometrogram, only Pves is monitored, 
whereas in the multichannel cystometrogram, the Pves and intra-
abdominal pressure (Pabd) are measured. A rectal balloon catheter 
is advanced well past the anal sphincter to measure Pabd to avoid 
interference with rectal contractions.21 In patients with no anus 
(e.g., after abdominoperineal resection), Pabd can be monitored 
inside a colostomy, ileostomy, or vagina. Detrusor pressure (Pdet) 
is calculated by subtracting intra-abdominal pressure from intra-
vesical pressure (Pdet = Pves − Pabd) (Fig. 11-1). Pdet is a computer-
generated number and is subject to error if negative abdominal 
pressures are recorded. Having both Pves and Pabd monitored 
simultaneously allows the examiner to differentiate bladder 

Pves Pabd

Normal 
saline

Pdet�Pves�Pabd

Bladder

Vagina

Rectum

Figure 11-1 Intravesical pressure (Pves) and intra-abdominal pressure 
(Pabd) are measured independently during multichannel 
cystometrography. Detrusor pressure (Pdet ) is calculated by 
subtracting Pabd from Pves.
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contractions from abdominal straining. This is particularly useful 
in the evaluation of SUI to differentiate stress-induced detrusor 
overactivity from genuine SUI during cystometrography; in the 
evaluation of obstruction to distinguish bladder hypocontraction 
or straining from high-pressure detrusor contraction during 
PFSs; and to monitor bladder behavior during leak point pres-
sure determinations and VUDS.

The rate of bladder fi lling (slow: <10  mL/min; medium: 10 to 
100  mL/min; fast: >100  mL/min; physiologic: ≤ body weight 
[kg]/4  [mL/min]; nonphysiologic) and the size of urethral cath-
eter must be specifi ed. Most patients are fi lled at medium rate 
initially. Filling is slowed if poor compliance, neurogenic bladder, 
decreased capacity, or excessive detrusor overactivity is encoun-
tered. Filling is increased during provocative maneuvers. Because 
large catheters may cause obstruction, smaller catheters (<10  Fr) 
are used.22 A two-catheter technique, in which the larger, infusing 
catheter (8 to 12  Fr) is removed before voiding (i.e., voids along 
the smaller, pressure-monitoring catheter [3 to 4  Fr), has been 
described.23

To avoid artifacts, all lines are fl ushed to remove any air, and 
all transducers are zeroed at the superior edge of the pubic sym-
physis.25 The patient is then asked to perform a Valsalva maneu-
ver to ensure equal pressure transmission to the Pves and Pabd 
catheters. Changes in Pabd must be accompanied by correspond-
ing changes in Pves; otherwise, the calculated ΔPdet represents arti-
facts rather than true detrusor contractions. Potential source of 
errors include pressure measurement artifacts (e.g., air bubbles 
and kinks in tubing, incorrect placement or migration of cathe-
ters, rectal contractions, incorrect zeroing), infusion artifacts 
(e.g., too rapid infusion in neurogenic and overactive bladders), 
unanticipated “pop-off” mechanisms (e.g., incompetent urethra 
that leaks, large bladder diverticulum or vesicoureteral refl ux that 
falsely improves bladder compliance), and patient-related issues 
(e.g., lack of cooperation, ineffective communication, anxiety, 
psychological inhibition).21,24

Parameters that are measured by cystometrography include 
the following:

1. Sensation. Volumes at fi rst sensation of bladder fi lling, fi rst 
desire to void, strong desire to void, urgency, and pain are 
recorded.25 These values are subjective, and the absolute 
volumes at which these symptoms occur are clinically less 
relevant. The more important issues are whether bladder 
sensation is increased, decreased, or absent and whether a 
particular sensation (e.g., urgency) is correlated or not with 
urodynamic fi ndings (e.g., inhibited bladder contraction) 
during cystometrography.

2. Capacity. Functional bladder capacity measured on the 
voiding diary dictates the volume that the bladder should 
be fi lled during cystometrography. Maximal cystometric 
capacity measured on cystometrography tends to be larger 
than the functional bladder capacity. Urodynamic fi ndings 
and symptoms experienced at fi lling volume beyond the 
functional bladder capacity should be interpreted with 
caution. Before surgical correction for SUI, it is prudent 
to ensure that bladder capacity and compliance are 
adequate.

3. Compliance. Bladder compliance (ΔV/ΔPdet) describes the 
relationship between changes in bladder volume (ΔV) and 
changes in detrusor pressure (ΔPdet).25 It is a measure of 
bladder vesicoelasticity and refl ects the sum of two factors: 
the passive mechanoelastic property of the bladder wall 

(correlated with collagen content) and the active neuro-
muscular force called tonus under neural modulation. The 
normal bladder has high compliance and is able to expand 
to capacity (large ΔV) with minimal changes in intravesical 
pressure (ΔPdet < 15 to 20  cm H2O) (Fig. 11-2, fl at slope). 
Decreased compliance is defi ned as ΔV/ΔPdet less than 
20  mL/cm H2O, measured from the moment of bladder 
fi lling to the point of cystometric capacity or immediately 
before the start of detrusor contraction that causes signifi -
cant leakage.25 Poor compliance may be caused by infection 
(e.g., cystitis, tuberculosis, schistosomiasis), infl ammation 
(e.g., calculus, interstitial cystitis, carcinoma, radiation), 
obstruction, chronic indwelling catheter, neurologic 
disease (e.g., spinal cord injury, Shy-Drager disease), or 
surgical denervation (e.g., after hysterectomy, abdomino-
perineal resection), or it may be an artifact of too-rapid 
bladder fi lling. The rate of fi lling should be slowed if poor 
compliance is encountered. Compliance may be falsely 
overestimated if a pop-off mechanism prevents adequate 
bladder fi lling (e.g., intrinsic sphincter defi ciency or vesi-
coureteral refl ux). Low bladder compliance is a harbinger 
of upper tract disease in neurogenic patients. Patients with 
poor compliance who are slated for potentially obstructive 
outlet surgery (e.g., sling, artifi cial sphincter) need their 
compliance corrected before or concurrent with the outlet 
surgery to protect the upper tracts.

4. Detrusor overactivity. Involuntary bladder contraction due 
to neurogenic disorders is called neurogenic detrusor over-
activity (formerly designated detrusor hyperrefl exia), and 
that not attributed to neurogenic causes is called idiopathic 
detrusor overactivity (formerly designated detrusor insta-
bility).25 Historically a ΔPdet of more than15  cm H2O was 
necessary to diagnose detrusor overactivity, but any invol-
untary pressure increase that is associated with urgency 
now qualifi es as overactivity.21 In patients in whom  detru-
sor overactivity is suspected but not detected on the cysto-
metrogram, provocative maneuvers such as rapid fi lling 
(>100  mL/min), fi lling with cold saline, coughing, heel 
bouncing, squatting, and hand washing may unmask the 
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Figure 11-2 Detrusor compliance (ΔV/ΔPdet) remains high during 
the fl at fi lling phase (phase II) of the cystometrogram in a normal 
subject. (Adapted from Steers WD, Barrett DM, Wein AJ: Voiding 
dysfunction: Diagnosis, classifi cation and management. In 
Gillenwater JY, Grayhack JT, Howards SS, Duckett JW (eds): Adult 
and Pediatric Urology, 3rd ed. St. Louis, Mosby–Year Book, 1996.)
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136 Section 2 EVALUATION AND DIAGNOSIS

abnormalities. Up to 40% of patients with urge inconti-
nence fail to demonstrate detrusor overactivity on conven-
tional cystometrography.26 The absence of documented 
detrusor overactivity on cystometrography does not rule 
out its existence. Conversely, patients with detrusor over-
activity may not have any symptoms, and its documenta-
tion on cystometrography may have no clinical signifi cance.27 
Even though patients with irritative symptoms and stress-
induced detrusor overactivity often improve after bladder 
neck suspension surgery,28 presumably as a result of elimi-
nating the entrance of urine into the proximal urethra,29 
patients with mixed incontinence as a group appear to fare 
worse than those with pure SUI after tension-free tape 
surgery (69% versus 97% cure).16 There is no consensus 
about whether the fi nding of detrusor overactivity in addi-
tion to SUI on preoperative cystometrography alters the 
outcome after surgery.30

Detrusor Leak Point Pressure

A concept fi rst introduced by McGuire and associates31 in 1981 
in the evaluation of myelodysplasia patients, detrusor leak point 
pressure (DLPP) is defi ned as the lowest detrusor pressure (Pdet) 
at which leakage occurs in the absence of detrusor contraction or 
increased abdominal pressure (Fig. 11-3).25 The bladder is fi lled 
until overfl ow incontinence occurs, and the instantaneous Pdet at 
which leakage occurs (i.e., DLPP) refl ects the resistance of the 
urethra against the expulsive force of bladder storage pressure. 
When outlet resistance is high, high bladder pressure is needed 
to overcome this resistance and cause leakage. Bladder pressure 
higher than 40  cm H2O impedes ureteral peristalsis, causes 
hydroureters, and damages the upper tracts. In the classic study 
of McGuire and colleagues,31 81% and 68% of myelodysplasia 
patients with DLPP greater than 40 cm H2O developed hydrone-
phrosis and vesicoureteral refl ux, respectively. In long-term 
follow-up, 100% of patients with DLPP greater than 40  cm H2O 
exhibited upper tract deterioration or refl ux, or both.32 A DLPP 
higher than 40  cm H2O is a prognostic marker for upper tract 
damage.

Patients with low bladder compliance and a low DLPP may 
be fl oridly incontinent, but their upper tracts are safe because 
the low-resistance urethra functions as a pop-off mechanism to 
relieve the high detrusor pressure. Patients with low bladder 
compliance and a DLPP higher than 40  cm H2O risk upper tract 
damage unless the outlet resistance is reduced or compliance is 
improved with medication or surgery. Correction of outlet resis-
tance in patients with detrusor–external sphincter dyssynergia 
(DESD) by sphincter dilation results in an immediate decrease 
in DLPP and a gradual but signifi cant improvement of bladder 
compliance over time.33 Failure to reduce DLPP to below 40  cm 
H2O after sphincterotomy predicts surgical failure, persistent 
DESD, and upper tract deterioration.34 The use of intermittent 
catheterization, anticholinergics, and vesicostomy are effective in 
protecting the upper tracts of neonates with myelodysplasia.35 
Plotting the danger zone on a fi lling cystometrogram is an effec-
tive method to establish a storage baseline for patients with neu-
rogenic dysfunction and subsequently track effective management 
by reducing the danger zone.

Abdominal Leak Point Pressure

The idea of ALPP emerged from McGuire’s group a decade after 
the description of DLPP.36 Originally designed to categorize 
women with SUI into two groups—urethral hypermobility and 
intrinsic sphincter defi ciency (ISD)—ALPP measurement and 
Q-tip examination became indispensable tools in the diagnosis 
of SUI. The International Continence Society defi ned ALPP as 
the intravesical pressure (Pves) at which urine leakage occurs due 
to increased abdominal pressure in the absence of a detrusor 
contraction.25 The bladder is half-fi lled to an arbitrary volume of 
200 to 250  mL. The patient is then asked to perform a Valsalva 
maneuver or cough until leakage occurs. If no leakage is observed, 
the bladder is fi lled in 50-mL increments. The smallest recorded 
Pves associated with urodynamic demonstration of SUI is the 
ALPP (Fig. 11-4). ALPP (leakage) usually occurs on the upward 
slope of the curve and not at the peak pressure generated unless 
the peak pressure represents the exact ALPP (i.e., exact moment 
of incontinence).
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Figure 11-3 Detrusor leak point pressure (DLPP) measurement in 
the absence of straining or detrusor contraction. The shaded area 
represents the “danger zone,” with the DLPP and fi lling pressure 
higher than 40 cm H2O.
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Figure 11-4 Abdominal leak point pressure (ALPP) measurement in 
the presence of straining but without detrusor contraction.
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Abdominal Leak Point Pressure versus 
Detrusor Leak Point Pressure
Unlike DLPP, which is a static refl ection of urethral resistance to 
bladder intrinsic storage pressure, ALPP measures the dynamic 
urethral resistance to brief increases in abdominal pressure. 
Abdominal pressure (ALPP) and detrusor pressure (DLPP) are 
different expulsive forces with respect to the urethra. Whereas 
detrusor pressure tends to open the bladder neck, abdominal 
pressure tends to close the internal sphincter shut. Normally, the 
internal sphincter does not leak or open, regardless of how much 
abdominal pressure is exerted. For instance, during blunt trauma 
to a full bladder, the bladder will rupture before the bladder neck 
is forced open. If SUI occurs as a result of an increase in abdomi-
nal pressure, the proximal urethra and bladder neck are rotated 
and descended away from its resting intra-abdominal position 
during a Valsalva maneuver (i.e., urethral hypermobility), or 
there is an intrinsic malfunction of the internal urethral sphincter 
(i.e., ISD).37 All women with urethral hypermobility and SUI are 
considered to have some degree of ISD, because the normal inter-
nal sphincter should remain closed no matter how much stress 
and rotational descent it experiences.23 ISD is a spectrum of 
urethral dysfunction.

Abdominal Leak Point Pressure, Urethral Hypermobility, 
and Internal Urethral Sphincter
SUI patients with urethral hypermobility leak at considerably 
higher abdominal pressures than those with pure ISD. Leakage 
at an ALPP less than 60  cm H2O is characteristic of ISD. Eighty-
one percent of patients with an ALPP less than 60  cm H2O 
reported a history of severe incontinence, and 76% of patients 
with an ALPP less than 60  cm H2O demonstrated type III SUI on 
fl uoroscopic studies (i.e., no urethral hypermobility). Leakage at 
an ALPP greater than 90  cm H2O is indicative of urethral hyper-
mobility. These patients reported lesser degrees of incontinence 
and exhibited type I or type II SUI on VUDS (i.e., minimal to 
gross hypermobility).36 Patients with an ALPP between 60 and 
90  cm H2O have type II or type III SUI. Patients with an ALPP 
less than 60  cm H2O classically failed to respond to suspension 
operations designed for the hypermobile urethra. They should be 
treated with pubovaginal slings, periurethral bulking agents (if 
there is no associated hypermobility), or artifi cial sphincters. 
Subdividing patients into hypermobility or ISD groups based on 
ALPP measurement and Q-tip test results on physical examina-
tion may become less important because pubovaginal slings and 
mid-urethral slings have been shown to be effective for anatomic 
incontinence.12-15

Abdominal Leak Point Pressure and Pelvic Organ Prolapse
ALPP measurements are more diffi cult to interpret in the pres-
ence of pelvic organ prolapse. Anterior vaginal wall prolapse may 
falsely elevate the ALPP because the prolapse functions as a sink 
to dissipate and absorb the effect of abdominal pressure on the 
proximal urethra.38 The urethra may be kinked or compressed by 
the prolapsed organ, causing partial obstruction and elevating the 
ALPP. This is why patients with high-grade cystoceles rarely 
complain of clinical SUI. When the prolapse is reduced, up to 
60% of patients with grade 1 to 2 cystocele and 91% of patients 
with grade 3 to 4 cystocele who do not complain of incontinence 
demonstrate SUI on urodynamic evaluations.39 If the cystocele is 
repaired without addressing the urethra, occult stress inconti-
nence may be unmasked postoperatively. It is unclear what per-

centage of patients with no symptoms of SUI will be symptomatic 
after a prolapse repair. It is also unclear whether performing 
ALPP with a pessary helps to predict that population. Whether 
prophylactic sling should be placed at the time of concomitant 
prolapse surgery and what roles preoperative ALPP plays in that 
decision remain controversial. Nevertheless, all patients under-
going ALPP measurements should have a pelvic examination in 
supine and upright positions to determine whether prolapse 
exists. If signifi cant prolapse is found, upright ALPP measure-
ments should be repeated with the prolapse reduced.40

Abdominal Leak Point Pressure Measurement
The technique for ALPP determination has not been stand-
ardized. ALPP decreases signifi cantly as the bladder volume 
increases.41 There is no consensus about whether ALPP should 
be measured at an absolute volume (e.g., 150  mL),36 one-half the 
functional bladder capacity,42 or near capacity.43 Most expects 
agree that testing should be done at a “moderate fi lling volume” 
that is suffi cient to provide a urine bolus for abdominal pressure 
to act on but not full enough to induce a detrusor contraction, 
which opens the bladder neck and gives a false impression of 
ISD.38 Cough leak point pressure is signifi cantly higher and more 
variable than Valsalva leak point pressure,44 possibly due to refl ex 
contraction of the pelvic fl oor during cough.45 The size and 
necessity of bladder catheters have not been standardized. Larger 
catheters correlate with higher ALPP values, presumably due to 
partial obstruction.45 Patients with a history of SUI who do not 
leak with a urethral catheter in place should have ALPP measure-
ments repeated with the catheter removed.46 Some investigators 
recommended measuring ALPP using a rectal catheter alone to 
measure Pabd.

46,47 Others argued that Pdet should be monitored 
to ensure that that the detrusor is stable during a Valsalva 
maneuver.

It is unclear whether the absolute pressure value48 or the sub-
tracted pressure value from baseline pressure49 should be used. It is 
recommended that the location of pressure sensors, type of cath-
eters, position of patient, status of prolapse (reduced or not), 
methods in which the bladder is fi lled (e.g., diuresis, catheter fi ll), 
types of ALPP (e.g., cough, Valsalva maneuver), and volume at 
which measurements are made should be specifi ed. ALPP mea-
surement is inaccurate if the patient cannot generate adequate 
abdominal pressure.

Resting Urethral Pressure Profi lometry

Urethral pressure profi lometry (UPP) is a topographic curve that 
plots the urethral closure pressure (UCP) along the length of the 
urethra. Intravesical pressure (Pves) and intraluminal urethral 
pressure (Pure) are measured simultaneously while a mechanical 
puller withdraws the pressure transducer from the urethra at a 
set rate (1 to 2  mm/sec). The difference between these two pres-
sures is defi ned as UCP (UCP = Pure − Pves), and it is plotted on 
the y-axis. The urethral length is plotted on the x-axis. UPP 
attempts to quantify the contributions of urinary sphincters and 
periurethral structures to urethral closure at rest (i.e., resting 
UPP), during periods of straining (i.e., stress UPP), and during 
voiding (i.e., micturitional UPP).

Resting UPP measures the static urethral pressure along its 
length in a resting patient with a full bladder (i.e., no Valsalva 
maneuver and no voiding). It is measured using the technique of 
Brown and Wickham.50 A urethral catheter with radially drilled 
side holes is slowly withdrawn from the urethra while being 
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infused. The intraluminal urethral pressure that is recorded cor-
responds to the pressure needed to lift the urethral wall off the 
catheter side holes, and it is presumed that this refl ects the radial 
stress at the urethral surface.51 The intravesical pressure is simul-
taneously measured with the end holes of the same catheter. The 
maximal urethral closure pressure (MUCP), the highest point 
along the UCP curve, corresponds anatomically to the area of 
mid-urethra where the striated and smooth muscle sphincters 
overlap (Fig. 11-5).

Resting UPP has no role in the evaluation of the patient with 
SUI.52,53 MUCP lacks the sensitivity and specifi city to diagnose 
and classify incontinence.54 MUCP cannot be used to distinguish 
continent from incontinent patients. A low MUCP (<20  cm 
H2O) does not predict stress incontinence; many continent 
women have a low MUCP, and the MUCP cannot characterize 
the severity of incontinence.55 An MUCP less than 20  cm H2O, 
however, does predict failure of classic retropubic suspension 
surgery.56-59 This “low-pressure urethra” was considered to be 
associated with ISD. No change in UPP has been recorded in 
patients achieving continence after successful collagen injec-
tions60 or urethropexy.61 Studies have repeatedly demonstrated 
that there is no relationship between ALPP and MUCP.54 This is 
not surprising because many believe that continence is main-
tained at the bladder neck, not at the mid-urethral high-pressure 
zone where MUCP is recorded. (The success of mid-urethral 
sling surgery challenges this view). Incontinence or continence is 
not determined by urethral pressure at rest (i.e., MUCP) but by 
urethral resistance to abdominal pressure during straining (i.e., 
ALPP). Resting UPP is a rudimentary measurement of urethral 
closure at rest, and it cannot capture the complex interactions 
among the detrusor, the sphincters, and the pelvic fl oor during 
the dynamic moment of straining. The reproducibility of resting 

UPP is poor because techniques of its measurement have not 
been standardized.55

Stress Urethral Pressure Profi lometry

Stress UPP measures the dynamic urethral resistance along its 
length as the patient strains. It refl ects the patient’s ability to 
maintain continence in the face of abdominal pressure. Pressure 
spikes are generated intravesically (ΔPves) and intraurethrally 
(ΔPure) during a Valsalva maneuver or coughing. The pressure-
transmission ratio (PTR) is calculated as the ratio (ΔPure/ΔPves) 
along the urethral length during the pressure spikes (Fig. 11-6). 
A PTR greater than 100% implies positive-pressure transmission 
(i.e., the urethral pressure spikes exceed the bladder pressure 
spikes), whereas a PTR less than 100% suggests that more pres-
sure is transmitted to the bladder than to the urethra.

Normally, the proximal urethra remains intra-abdominal 
during straining, with equal pressure transmission to the bladder 
and the urethra (ΔPure ≥ ΔPves, or PTR ≥ 100%). In patients with 
SUI and urethral hypermobility, posterior rotation and descent 
of the proximal urethra during straining results in unequal 
pressure transmission62 and therefore a PTR less than 100% 
(ΔPure < ΔPves). Although it is true that patients with anatomic 
SUI tend to have lower PTR values (usually < 90%) than con-
tinent subjects,63,64 there are signifi cant overlaps between the PTR 
values of continent and incontinent patients,65,66 rendering the 
test insensitive in diagnosing anatomic SUI.67 The reason for the 
large overlap may be explained by the observation that not all 
patients with urethral hypermobility and low PTR are inconti-
nent; a certain degree of ISD must exist for leakage to occur. 
Unlike MUCP, PTR increases after successful bladder suspen-
sion68-71 and mid-urethral sling procedures.72
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Figure 11-5 Schematic diagram of the resting urethral pressure profi le (UPP) shows the calculated urethral closure pressure (UCP), which is 
equal to the urethral pressure minus the intravesical pressure (Pure − Pves) along the length of the urethra.
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EVALUATION OF VOIDING FUNCTION

Urofl owmetry

Urofl owmetry Measurement
First described by von Garrelts in the 1950s,73 urofl owmetry is the 
measurement of the rate of urine fl ow (Q) over time. Urine fl ow 
rate can be measured by weight transducers, rotating disks, or 
electronic capacitance dipsticks.74 The seated position is recom-
mended for female patients. Patients should be well hydrated and 
have a reasonably full bladder before the study. An overly dis-
tended bladder may decompensate and result in reduced urine 
fl ow. However, a small voided volume (<150  mL) may affect fl ow 
rate interpretation. Voiding should be done in privacy, with as 
little distraction and as few observers as possible so that the patient 
can relax to replicate her usual urine fl ow. An anxious and tense 
patient may be psychologically inhibited and involuntarily con-
tract her pelvic fl oor. Her fl ow rate may be altered, or she may 
not be able to empty at all. The patients should always be asked if 
the void is typical with respect to its volume, force, and pattern.74 
If in doubt, several measurements may be obtained to exclude 
variations. Studies have shown that between 20% and 40% of 
patients have a difference of Qmax ± 2  mL/sec between successive 
voids.75,76 Maximal fl ow rate (Qmax) is the most commonly reported 
parameter (Fig. 11-7). It is important to visually confi rm the Qmax 
value on the fl ow curve because machine-read values are on 
average 1.5  mL/sec higher than manually read (true) values due 

to wag artifacts.77 It is also crucial to interpret the quantitative 
measurements in the context of the shape of the fl ow curve (i.e., 
normal versus intermittent versus obstructive patterns).

Normal Urofl owmetry in Females
Normal urofl ow patterns in female patients have been described 
in the literature.78,79 Unlike men, in whom Qmax decreases with 
age, the Qmax is not infl uenced by age in women.80 As in men, 
Qmax in women is infl uenced by bladder volume. The Liverpool 
nomogram plots the Qmax and Qave values against bladder volumes 
based on measurements from 249 normal female volunteers.81 
The 10th percentile curve was picked arbitrarily as the lower limit 
of normality. Other urofl ow nomograms (e.g., Siroky, Bristol) do 
not apply to females because they were based on male patients.82 
A small voided volume (<150  mL) may affect fl ow rate interpre-
tation. In women with frequency or urgency syndromes, the fl ow 
rate curves may be nondiagnostic because of small voided 
volumes. In general, normal women have a higher Qmax value for 
a given voided volume than age-matched men, usually on the 
order of 5 mL/sec,83,84 because of lower outlet resistance.

Clinical Applications of Urofl owmetry
Urofl ow refl ects the fi nal summation of detrusor contraction, 
abdominal straining, urethral resistance, and sphincteric or pelvic 
fl oor relaxation. A Qmax greater than 15  mL/sec with a voided 
volume greater than 100  mL and minimal PVR essentially rules 
out obstruction in female patients.86 However, it is not possible 
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140 Section 2 EVALUATION AND DIAGNOSIS

to tell from a low Qmax whether there is bladder outlet obstruction 
or impaired detrusor contractility.87 PFSs, micturitional UPP, 
and video-urodynamic or sphincteric electromyography are 
needed to differentiate obstruction from detrusor underactivity. 
Flow rate does not tell whether or why a female patient is incon-
tinent. Patients with SUI and low outlet resistance may present 
with a superfl ow pattern. Patients with SUI who are slated for 
surgery should be screened with urofl owmetry and PVR. Those 
with an abnormally low Qmax and high PVR deserve further uro-
dynamic evaluations to rule out detrusor underactivity or outlet 
obstruction before SUI surgery. This is particularly important for 
patients who had prior posterior pelvic exenteration, radical hys-
terectomy, abdominoperineal resection, or pelvic reconstructive 
surgery. These procedures are associated with a high incidence 
of voiding dysfunction due to vascular, neural, and anatomic 
disruption to the lower urinary tract.88 In summary, urofl ow is 
a fast, cheap, and noninvasive urodynamic screening test for 
voiding dysfunction.

Pressure-Flow Studies

A PFS is usually performed after cystometrography. The patient 
is instructed to void while bladder pressure and fl ow rate are 
simultaneously measured throughout the micturition cycle. The 
fl ow pattern should be representative of that observed during 
urofl owmetry. The fl ow rate measured by PFS (with a catheter) 
may be slightly lower than the free fl ow rate measured during 
urofl owmetry (without a catheter).89 The patient should be spe-
cifi cally asked if the void is typical with respect to its volume, 
force, and pattern.74 PFS allows bladder outlet obstruction to be 
differentiated from detrusor underactivity when a low Qmax is 
detected. High-pressure low fl ow is diagnostic of functional or 

anatomic outlet obstruction. However, low-pressure low fl ow 
does not rule out obstruction in female patients (Fig. 11-8). PFS 
alone cannot identify the site or mechanism of obstruction; 
VUDS or sphincteric electromyography is needed instead.

Female Outlet Obstruction
Female outlet obstruction is most commonly encountered after 
anti-incontinence surgery, particularly if an associated anterior 
wall defect (e.g., cystocele) was not repaired at the time of anti-
incontinence surgery. Large prolapse can also cause outlet 
obstruction by kinking the urethra, distorting the bladder neck 
anatomy, or direct compression. There is no consensus regarding 
a critical value of pressure and fl ow that is diagnostic for obstruc-
tion in females. Commonly used pressure-fl ow plots (i.e., 
Abrams-Griffi th, Schafer, urethral resistance factor, and Interna-
tional Continence Society provisional nomograms) are not appli-
cable to female patients because they were developed for use in 
men with bladder outlet obstruction.90-93 Nomograms for obstruc-
tion in females have been published but are not widely used.94 
Massey and Abrams95 proposed a defi nition of obstruction if two 
of the following conditions exist: Qmax less than 12  mL/sec; Pdet 
greater than 50  cm H2O; resistive index greater than 0.2, which 
is defi ned as Pdet/(Qmax)

2; or a high PVR volume. Axelrod96 defi ned 
primary bladder neck obstruction as Pdet greater than 20  cm H2O 
and Qmax less than 12  mL/sec. In light of the low specifi city and 
lack of standardization of PFS results, Nitti97 proposed the use of 
VUDS to diagnose obstruction, which was defi ned as radio-
graphic evidence of obstruction between the bladder neck and 
the external sphincter in the presence of sustained bladder 
contraction.

The voiding dynamics of women are different from those of 
men. In men, a signifi cant Pdet is recorded during voiding because 
the detrusor has to exert a force strong enough to move the urine 
bolus through a relatively high-resistance conduit (i.e., prostatic 
urethra). In normal women, however, there is very little increase 
in Pdet during voiding, even when bladder contractility is normal, 
because the fl ow of urine encounters minimal resistance against 
the female urethra. Inability to record a strong detrusor contrac-
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of urine expelled through the urethra. The maximal fl ow rate (Qmax) 
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tion in females is common during PFS and should not be a cause 
for alarm if the patient’s history, physical examination, and 
voiding diary are otherwise normal.98 Even in the setting of 
bladder outlet obstruction, many patients fail to generate a high 
Pdet on PFS, probably because women void by pelvic fl oor relax-
ation rather than high-pressure detrusor contraction. Habitual 
Valsalva-induced voiding across a relaxed pelvic fl oor is a 
common pattern seen in women. For instance, in patients who 
underwent bladder suspension complicated by obstruction and 
irritative voiding who improved after successful urethrolysis, 
only one third to one half have obstructive PFS patterns before 
urethrolysis.99-101 Although a high-pressure, low-fl ow PFS result 
is diagnostic of obstruction, a low-pressure, low-fl ow PFS result 
does not necessarily rule out obstruction (depending on the defi -
nition of obstruction). This observation calls into question the 
need to perform urodynamic evaluation of patients who are pre-
sumably obstructed after anti-incontinence surgery and who 
are slated for urethrolysis. Patients unable to generate adequate 
Pdet on preoperative a PFS may be at higher risk for prolonged 
postoperative retention after cadaveric pubovaginal slings.102 
Patients most likely to report de novo urgency, presumably due 
to partial obstruction, after tension-free tape procedures are 
those in whom Valsalva-induced voiding or low Pdet was present 
on preoperative PFSs.18 Patients with preoperative dysfunctional 
voiding on the PFS (Pdet > 20  cm H2O and Qmax < 12  mL/sec) are 
less likely to be cured (based on pad tests) and more likely to 
have a diminished quality of life after tension-free tape surgery.103 
The role of the preoperative PFS in the evaluation of SUI is 
evolving.

Micturitional Urethral Pressure Profi lometry

Described originally by Yalla and associates,104 micturitional ure-
thral pressure profi lometry (MUPP) is used to diagnose and 
localize the site of urethral obstruction. During steady midstream 
voiding, Pves and Pdet are the same (i.e., isobaric). If an obstruction 
exists in the urethra, the intraurethral pressure distal to the 
obstruction is lower, and the pressures in the urethra proximal 
to the obstruction and in the bladder are higher. When a signifi -
cant pressure drop is encountered on catheter withdrawal, it 
corresponds to the site of the obstruction. In a patient with a 
normal urethra, the bladder and almost the entire length of 
urethra are isobaric, except the terminal 1  cm of the distal 
urethra.105 This normal pressure drop occurs distal to the point 
of MUCP and proximal to the external meatus. In an obstructed 
urethra, the site of obstruction can be identifi ed by an additional 
drop in urethral pressure that occurs proximal to the normal 

pressure drop point. Even though the concept is elegant, MUPP 
lacks anatomic resolution to defi ne the exact location and mecha-
nism of obstruction (VUDS is far superior). The exact location 
of the pressure being transduced is diffi cult to ascertain without 
fl uoroscopy. MUPP is diffi cult to perform correctly because it is 
prone to micturitional artifacts.106

VIDEO URODYNAMICS

First described in the late 1960s,107 the use of VUDS adds real-
time, high-resolution anatomic details to a cystometrogram and 
PFS. Regarded as the gold standard of urodynamic evaluation, 
VUDS allow structural-functional correlations to be investigated 
because transducer pressures, patients’ symptoms, and live 
fl uoroscopic images are studied simultaneously. Historically, SUI 
was classifi ed as type 0, I, II, or III based on the fl uoroscopic 
appearance of the bladder neck on VUDS (Table 11-2).108 ALPP 
measurements and Q-tip tests are commonly used to classify 
patients with urethral hypermobility or ISD, or both. VUDS 
are not indicated in many situations.109 For instance, VUDS are 
rarely needed to diagnose detrusor overactivity. If obstruction is 
suspected, PFS can be obtained. VUDS are not indicated in SUI 
patients with obvious hypermobility and no overactive bladder 
symptoms. If ISD is suspected, ALPP can be performed. Because 
of the expense and radiographic exposure, VUDS are reserved 
for patients with complex pathophysiology, as in the following 
circumstances:

1. Neurogenic bladder. VUDS can detect vesicoureteral refl ux 
and the pressure and volume at which it occurs. With cys-
tometrography alone (without fl uoroscopy), the refl ux 
pop-off mechanism can artifi cially overestimate the bladder 
compliance and capacity and falsely decrease the DLPP, 
making the compliance, capacity, and DLPP appear better 
than they really are. Other “bladder hostile factors,” such 
as bladder diverticulum, trabeculation, and detrusor–
external sphincter dyssynergia (DESD) or detrusor–
internal sphincter dyssynergia (DISD), can also be easily 
identifi ed on VUDS.

2. Failed prior anti-incontinence surgery. VUDS allow simul-
taneous determination of the presence and degree of vesical 
neck hypermobility, the degree and presence of ISD, the 
degree and type of cystocele, the presence and location of 
obstruction, and ALPP simultaneously. Although these 
characteristics can be identifi ed with a simple cystogram, 
the presence of an open bladder neck on radiography has 
little signifi cance without knowing whether the detrusor is 

Table 11-2 Stress Urinary Incontinence Types Based on Video Urodynamics Appearance

Type of SUI SUI Seen on VUDS?

Bladder Neck at Rest Bladder Neck During Valsalva

Cystocele Present?Status Position Status Position

0 No Closed At/above PS Open Descends < 2 cm No
I Yes Closed At/above PS Open Descends < 2 cm No
IIA Yes Closed At/above PS Open Rotational descent No or small
IIB Yes Closed Below PS Open Rotational descent Large
III Yes Open — Open — —

PS, pubic symphysis; SUI, stress urinary incontinence, VUDS, video urodynamics.
From Blaivas JG, Olsson CA: Stress incontinence: Classifi cation and surgical approach. J Urol 139:727, 1988.
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contracting. In the presence of a detrusor contraction, an 
open bladder neck is a normal response, whereas an open 
bladder neck in the absence of a detrusor contraction in a 
woman with SUI may be a sign of ISD. Only by simultane-
ously recording the detrusor behavior by VUDS can such 
a distinction be made.23 Fluoroscopy may also improve 
the accuracy of ALPP measurement because it is easier 
to observe leakage of contrast agent than it is to 
observe leakage from an upright patient directly using a 
fl ashlight.

3. Obstructive voiding. It is easier to defi ne the exact anatomic 
location and mechanism of obstruction (e.g., stricture, 
DESD, DISD, pseudo-dyssynergia, urethral kinking) by 
VUDS. Filling is done in a standing position, and voiding 
is done seated.

4. Signifi cant pelvic organ prolapse. VUDS demonstrates the 
real-time anatomic effects of prolapse on bladder and ure-
thral function. Dynamic magnetic resonance imaging may 
also offer additional insights on the effect of posterior or 
apical vaginal wall defects on voiding.

5. Urinary diversion and augmentation. VUDS can be used to 
investigate the cause of incontinence and hydronephrosis 
after continent urinary diversion, orthotopic bladder sub-
stitution, or bladder augmentation. Incontinence may be 
caused by an incompetent outlet in the native sphincter or 
the reconstructed continence mechanism, high-pressure 
intestinal or bladder contraction, or poor neobladder or 
augmented bladder compliance (often caused by ischemia). 
These possibilities can be distinguished on VUDS. The 
sphincteric mechanism in orthotopic bladder may be eval-
uated in the same manner as ISD in the native bladder. 
Vesicoureteral refl ux causing hydronephrosis can be easily 
detected. DLPP measurement (at catheterization volume) 
should be measured regularly after bladder augmentation 
in neurogenic patients to ensure that the goal of low-
pressure fi lling is accomplished.110,111

SPHINCTER ELECTROMYOGRAPHY

Electromyographic Measurement

Electromyography measures the electrical activities of the striated 
urinary sphincter through an electrode. It provides kinesiologic 
information about the urethral sphincter and the pelvic fl oor 
muscles. Needle electrodes or surface electrodes can be used. The 
needle electrode is inserted directly into the striated urinary 
sphincter and records activities directly from that muscle group. 
Needle insertion causes discomfort, and it is easily dislodged 
during posture change, but it provides high-quality signals 
directly from the muscle of interest. Surface electrodes are placed 
on the skin or mucosa overlying the muscle of interest, and 
they pick up the potentials produced by various muscles in the 
vicinity. Commonly, the surface electrode is applied around 
the anus and records activities from the striated anal sphincter. 
Usually, anal sphincter activity and urinary sphincter activity are 
congruent. In patients with neurologic disease, this relationship 
cannot be assumed, and when possible, needle electrodes should 
be used instead. Before bladder fi lling, the examiner should 
ensure that sphincteric activity is recorded appropriately by elic-
iting a burst of electromyographic activity by asking the patient 
to contract her sphincter voluntarily, asking the patient to 

perform a Valsalva maneuver or cough, or stimulating the 
bulbocavernosus refl ex.

Clinical Applications of Electromyography

Electromyography is indicated in the evaluation of spinal cord 
injury; neurologic disease, such as multiple sclerosis or Parkin-
son’s disease; voiding dysfunction after radical pelvic surgery or 
back surgery; and in young women with idiopathic urinary reten-
tion. Clinically, the most important information is whether  
bladder contraction and sphincter relaxation are coordinated 
during volitional voiding. During normal voiding, electromyo-
graphic activity is quieted (i.e., relaxation of striated sphincter 
and pelvic fl oor) before initiation of detrusor contraction (see 
Fig. 11-8). Increased electromyographic activity and sphincter 
closure at the time of volitional voiding is detrimental to the 
bladder (e.g., poor compliance, diverticulum formation, trabecu-
lation) and the upper tract (e.g., renal insuffi ciency, hydrone-
phrosis, vesicoureteral refl ux, recurrent sepsis, stone formation) 
due to high voiding pressure.

In DESD, there is true discoordination between the detrusor 
and the external sphincter due to suprasacral spinal cord injury. 
The sphincter involuntarily closes shut when the bladder con-
tracts. DESD should not be confused with the pseudo-
dyssynergia commonly seen after a stroke. In pseudo-dyssynergia, 
there is a voluntary increase in sphincter activity with the sudden 
onset of a bladder contraction and sense of urgency. Pseudo-
dyssynergia is a volitional response to urgency to prevent urge 
incontinence rather than a true discoordination between the 
bladder and the sphincter. DESD can be differentiated from 
pseudo-dyssynergia by asking the patient if she is voluntarily 
contracting the sphincter or pelvic fl oor in response to urgency 
during periods of increased electromyographic activities. Hin-
man’s syndrome is a subconscious contraction of the sphincter 
with a bladder contraction. Unlike true DESD, no spinal cord 
injury or neurologic disease exists in Hinman’s syndrome. For 
this reason, Hinman’s syndrome is also called non-neurogenic 
neurogenic bladder, and it is thought to be a learned voiding dys-
function.112 DESD can be treated with sphincterotomy,34 external 
sphincter dilation,34 urinary diversion, or a combination of 
clean intermittent catheterization  and anticholinergic drugs.35 
Hinman’s syndrome can be treated by behavioral modifi cation 
combined with medications. Sphincteric bradykinesia in patients 
with Parkinson’s disease can be diagnosed with electromyo-
graphy in conjunction with fl uoroscopic imaging.

AMBULATORY URODYNAMICS

Conventional cystometrography may fail to reproduce the 
patient’s symptoms and may provoke symptoms or fi ndings not 
usually experienced by the patient. Ambulatory urodynamic tests 
offer the theoretical advantage of being able to monitor the 
patient’s storage and voiding function in a more physiologic 
manner. The bladder is fi lled naturally (i.e., diuresis), and the 
patient has the freedom to move freely and to perform daily 
activities that normally trigger the presenting symptoms (e.g., 
incontinence, urgency). Nonphysiologic bladder fi lling through 
a catheter is avoided. The psychological inhibition and intimida-
tion associated with voiding in front of strangers in an unfamiliar 
laboratory is minimized.
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Different methods of recording have been described.113,114 
Cystometry is monitored through intravesical and rectal cathe-
ters, and the signal is transmitted to a portable, battery-powered 
recorder. Flow measurements can be made using home urofl ow-
metry. Incontinence is measured using regular pads or electronic 
moisture-sensitive pads. The premise of ambulatory urodynam-
ics is that it may offer additional insights when conventional 
urodynamics is unable to reproduce the patient’s presenting 
symptoms.

Because the investigator is not present during the telemetry, 
signifi cant problems may arise in the proper interpretation of the 
tracing. For events (e.g., urgency, incontinence, voiding) to be 
properly recorded, the patient must take an active role and con-
scientiously press an event marker or write in a diary every time 
the event happens. This reliance on patient compliance may be a 
source of signifi cant error. Detrusor after-contractions, aberrant 
rectal pressures, movement artifacts, and catheter movements 
are common.115 It may be diffi cult to distinguish these artifacts 
from physiologic events. It remains diffi cult to resolve the dif-
ferent fi ndings with conventional and ambulatory cystometro-
graphy and explain what these differences mean clinically.

A higher incidence of unstable detrusor contractions was 
recorded during ambulatory urodynamics compared with con-
ventional cystometrography in symptomatic and asymptomatic 
patients. Van Waalwijk van Doorn and associates116 found unsta-
ble detrusor contractions in 69% of asymptomatic women using 
ambulatory urodynamics, whereas conventional cystometrogra-
phy detected detrusor instability in only 18% of asymptomatic 

women. Robertson’s group115 similarly found signifi cantly more 
detrusor instability on ambulatory studies compared with cysto-
metrography (38% versus 17%) in asymptomatic men and 
women. Ambulatory urodynamics can also detect detrusor insta-
bility in patients for whom a cystometrogram is nondiagnostic. 
The signifi cance of this increased detection of detrusor instability 
is unclear, given the high incidence found in asymptomatic 
patients. It is unclear whether ambulatory cystometrography is 
more sensitive or it has a higher false-positive rate of diagnos-
ing detrusor overactivity than conventional cystometrography. 
Whether this increased phasic detrusor activity is a physiologic 
fi nding or caused by movement artifacts of the catheter or 
interpretation ambiguity is debated. Although the terminology, 
methodology, analysis, and reporting of ambulatory urodyna-
mics have been standardized by the International Continence 
Society,116 widespread adoption of the technique has been limited 
by its technical complexity, time consumption, potential arti-
facts, diffi cult result interpretation, and uncertain clinical 
applicability.

In patients with chronic retention and neurogenic bladder, 
bladder compliance measured by ambulatory urodynamics is 
much higher than that measured by conventional cystometrog-
raphy.117,118 Patients with hydronephrosis and high fi lling pres-
sures on conventional cystometrography were found to have 
normal fi lling pressures and better bladder compliance on ambu-
latory urodynamics. It is possible that the low compliance seen 
on conventional cystometrography in some patients may be an 
artifact related to too-rapid bladder fi lling.
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Chapter 12

MEASUREMENT OF URINARY SYMPTOMS, 
HEALTH-RELATED QUALITY OF LIFE, 
AND OUTCOMES OF TREATMENT 
FOR URINARY INCONTINENCE
Larry T. Sirls

The evaluation of lower urinary tract symptoms (LUTS) in 
women involves several objective and subjective parameters. The 
diffi culty in evaluating treatment outcomes for urinary inconti-
nence is that the objective measures of improvement and cure do 
not necessarily correlate with the subjective outcomes patients 
report. This becomes complicated when we consider that the 
outcomes after surgery for stress urinary incontinence (SUI) 
include assessment of the surgery (e.g., success, persistent or 
recurrent SUI); the resolution, persistence, or development of 
urgency and urge incontinence (UUI); and evaluation of voiding 
dysfunction. This is an almost overwhelming task, and it remains 
controversial. Most agree that measuring treatment outcomes 
requires the collection of objective data to help evaluate the 
success of treatment and the incidence of complications, as well 
as subjective patient reports of their outcomes and the infl uence 
of post-treatment changes on their health-related quality of life 
(HRQOL).

To improve the initial evaluation and post-treatment assess-
ment of urinary incontinence, noninvasive outcome measures, 
including pad tests,1 voiding diaries,2 and questionnaires, have 
been developed.3,4 A critical addition to the measurement of sub-
jective outcome is the symptom questionnaire.5,6 Although limi-
tations remain in what can be accomplished through the use of 
a symptom questionnaire, they are clearly more objective than 
retrospective reviews and can be validated in a systematic fashion. 
Retrospective chart reviews and the opinions of the surgeons or 
their surrogates have several limitations, including patient reluc-
tance to complain to surgeons about minor symptoms,7,8 differ-
ent defi nitions of success by patients and physicians,9 and 
potential loss to follow-up of symptomatic patients who seek 
medical attention elsewhere.7

Although various outcome measures have been proposed, no 
single tool has met with widespread acceptance. There are no 
standard defi nitions of cure or failure, and there are no standard-
ized widely accepted clinical tools to assess outcomes after anti-
incontinence surgery. Although attempts to standardize the 
evaluation of treatment outcomes in urinary incontinence have 
been made, these recommendations are often not followed. There 
are no specifi c recommendations on how to assess patient 
HRQOL or gather this information.10

In this chapter, we discuss the development and composition 
of many questionnaires used to evaluate LUTS and the impact of 
those symptoms on patients’ HRQOL. We discuss the diffi culty 
in evaluating patients after treatment for urinary incontinence 

and the apparent dissociation of objective measures of SUI such 
as cure and complicating symptoms such as UUI. We then 
address the role of combined objective and subjective data to 
evaluate treatment outcomes.

HEALTH-RELATED QUALITY OF LIFE

The most common outcome measures for urinary incontinence 
assess the quantity and frequency of urine loss through voiding 
diaries, pad tests, or urodynamic testing such as leak point pres-
sure and pressure-fl ow studies. These observations may confi rm 
the degree of leakage, but they do not refl ect the impact of the 
symptoms on the patients’ quality of life. Norton11 fi rst reported 
that there was no direct relationship of objective measures of 
urinary incontinence with the degree of improvement experi-
enced by the patient. Several others have found only weak rela-
tionships of the perceived impact of incontinence with measures 
of frequency and quantity of urine loss.12-15 Consequently, quality-
of-life instruments have become an important outcome measure 
for surgical interventions.16 It is mainly in the past decade 
that researchers have developed and used several different self-
administered questionnaires for urinary incontinence that 
measure of bother, symptom impact, and HRQOL.

HRQOL is a multidimensional paradigm defi ned as the impact 
of health status, including disease and treatment on physical, 
psychologic, and social functioning. HRQOL can be assessed 
with generic or condition-specifi c measures. Generic measures 
are developed for use with patients regardless of their medical 
condition and can be used for patients with different disease 
processes to compare the HRQOL impacts of various diseases. In 
contrast, condition-specifi c measures assess aspects of disease 
and treatment that are unique to the specifi c disease. Compared 
with generic measures, condition-specifi c instruments tend to 
be more sensitive to clinically relevant changes and treatment 
effects.

DEVELOPMENT AND VALIDATION OF 
QUESTIONNAIRES

Questionnaires to evaluate LUTS may provide information about 
the nature of the patient’s problem, the frequency of symptoms, 
the extent of symptoms, and the impact of symptoms on HRQOL. 
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The ideal questionnaire would help the clinician establish the 
cause of the problem (i.e., differentiate SUI from UUI) and limit 
the need for invasive and expensive testing. Questionnaires may 
include a wide range of items depending on the purpose and 
target subjects of the study population.

Measurement of Symptoms on Questionnaires

Applying scientifi c methods to evaluate symptoms that are gener-
ated by a great variety of underlying conditions can be compli-
cated. How can the physician be sure that the score from a 
symptom questionnaire accurately refl ects the symptoms the 
subject reports? Psychometrics is the science of measurement of 
responses to phenomena that are not easily quantifi able, and the 
principles of psychometrics govern the development of symptom 
questionnaires. Symptom scores are only as good as the instru-
ment measuring the symptoms, and psychometric testing 
provides assurance that symptoms questionnaires measure 
symptoms.17

Validity

Validity refers to the degree that an instrument measures what it 
is intended to measure. Content validity is usually evaluated early 
in development of the questionnaire and assesses how represen-
tative the contents are. This is often done with literature review 
and through consultation with experts and patients. The ques-
tions chosen should cover all of the important aspects of the 
condition, and all items should be relevant to the condition. 
Criterion validity determines how accurately the new instrument 
predicts fi ndings of the gold standard, and it can be determined 
by using several methods. Correlation coeffi cients are frequently 
used, the choice of which depends on the nature of the data under 
analysis. Sensitivity is the proportion of people identifi ed by the 
questionnaire as having the condition who do suffer from the 
condition. Specifi city refers to the ability of the questionnaire to 
correctly identify subjects who do not have the condition. Related 
measurements include predictive values, accuracy, and receiver 
operation characteristic (ROC) curves. These measures are only 
accurate if the gold standard is highly accurate.

Although urodynamic evaluation is generally accepted as 
the best available diagnostic test for LUTS, many other stan-
dards—history, voiding diary, demonstration of incontinence 
on examination, and pad testing—have been used for criterion 
validation of LUTS questionnaires. No one method accurately 
assesses the scope of LUTS, the severity of the problem, and 
the cause of LUTS well enough to be the undisputed gold 
standard.18-21 Nevertheless, results from questionnaires 
should be compared with several of these objective measures, 
particularly urodynamic fi ndings, as part of the validation 
process.

When no gold standard is available for comparison, construct 
validity is used to assess questionnaires. One approach to estab-
lishing construct validity is to examine hypothetical associations 
of the measure with other domains, such as pain, anxiety, and 
life satisfaction. For example, anxiety may correlate moderately 
with quality of life. The Spearman or Pearson correlation coeffi -
cients typically are used. Convergent validity (similar to sensitiv-
ity) may be determined by demonstrating good correlation with 
a measure known to be related to the subject of the questionnaire, 

and it should have high correlation coeffi cients. Discriminant 
validity (similar to specifi city) may be confi rmed by showing 
poor correlation to characteristics unrelated to the subject of the 
questionnaire.

Reliability

Questionnaires that measure the same characteristics should 
produce similar responses from a subject. The same question-
naire also should produce similar results for a subject over short 
intervals of time. Reliability is the quantifi able assessment of 
these sources of error in a questionnaire. Reliability implies the 
instrument is dependable.17 Internal reliability estimates how the 
individual items of a questionnaire relate to each other and to 
the total score. Questionnaires may be divided into two similar 
tools, each of which may give results similar to each other and to 
the parent questionnaire. Selected items may be used to construct 
a short form that is consistent with the original long form of the 
questionnaire. Cronbach’s α (0-1) indicates the level of internal 
consistency; values greater that 0.7 are considered acceptable, 
greater than 0.8 are good, and greater than 0.9 are excellent. 
Although high internal consistency is desirable, removing redun-
dant items from questionnaires improves clinical speed but 
diminishes internal consistency. Longer or multiple question-
naires are probably needed for research purposes, but in most 
clinical situations, we are looking for brevity. Test-retest reliability 
is evaluated by repeat administration of the questionnaire to 
subjects over time. Enough time should have elapsed for the 
subjects to forget their responses to the items, but no change in 
their symptoms should be evident. A Pearson and Spearman 
correlation coeffi cient value of greater that 0.8 indicates high 
reliability.

Responsiveness is evaluated to confi rm that a questionnaire 
refl ects a clinically important change in the patient’s condition. 
The questionnaire is used before and after treatment of known 
effi cacy, and the patient’s perception of change is correlated with 
the quality of life scores. The Student t test is often used to report 
responsiveness.

The psychometric evaluation of a questionnaire must be eval-
uated in the context of the study subjects used. Questionnaires 
may perform very differently after translation to another lan-
guage or when used in different countries with different races or 
socioeconomic groups.22 The accuracy of questionnaire data 
depends on choosing the appropriate tool for the population 
under study.

The method of data collection can dramatically infl uence the 
cure rates reported after anti-incontinence surgery.6,23 Physicians’ 
biases with the use of retrospective chart review have been repeat-
edly documented. To eliminate this bias, prospective studies that 
contain HRQOL assessments have nearly replaced the retrospec-
tive chart review. Rodriguez and colleagues24 addressed the ques-
tion of whether medical personnel (physicians in particular) 
could reliably fi ll out HRQOL questionnaires with information 
obtained from medical interviews? Seventy-nine patients com-
pleted the Urogenital Distress Inventory (UDI-6) and a quality-
of-life survey. An interviewing physician then completed these 
same instruments based on the interview of the patient. Overall, 
the physicians underestimated the patient’s degree of bother by 
25% to 37%. Self-administered questionnaires minimize bias and 
are preferred over medical personnel–administered instruments 
because of labor, time, and cost.
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TYPES OF QUESTIONNAIRES

Questionnaires for Lower Urinary Tract Symptoms

Self-administered symptom questionnaires are designed to 
accomplish at least one of three objectives: discriminate between 
SUI and UUI, quantify the amount of symptoms, or assess the 
impact of symptoms on daily activity and HRQOL. Brief descrip-
tive information and references for each questionnaire are pre-
sented in Table 12-1.

Questionnaires for Differentiating Stress Urinary 
Incontinence from Urgency Urinary Incontinence

The Detrusor Instability Score (DIS) quantifi es the extent of 
detrusor instability symptoms to discriminate stress from urge as 
the cause for incontinence. The tool is translated from Finnish 
but has been validated for use in English. DIS scores have been 
compared with urodynamic fi ndings, demonstrating a low DIS 
score (0-5) had reasonable predictive value for the absence 
of detrusor instability. Although sensitivity and specifi city are 

Table 12-1 Symptom Questionnaires for Lower Urinary Tract Symptoms

Instrument Purpose Items Subscales References

Bristol Female Lower Urinary 
Tract Symptoms (BFLUTS) 
Questionnaire

Impact, amount of 
UI, women

33 Severity, associated symptoms, 
impact symptoms, sexual 
function; many items have 
bother component

Jackson et al33

CONTILIFE: a quality-of-life 
questionnaire for urinary 
incontinence

Impact, response to 
SUI, women

28 Daily activities, effort activities, 
self-image, emotional 
consequences, sexuality, 
well-being, global score

Amarenco et al53

International Consultation on 
Incontinence Questionnaire 
(ICIQ)

Impact, amount of 
UI, women, men

 4 Not applicable Avery et al34

Karantanis et al35

Incontinence Impact 
Questionnaire (IIQ)

Impact, response to 
UI, women

30 Physical activity, travel, social, 
emotional

Shumaker et al3

van der Vaart et al39

Uebersax et al41

Incontinence Impact 
Questionnaire-Revised 
(IIQ-R)

 30 Physical activity, travel, social, 
emotional, embarrassment

Incontinence Impact 
Questionnaire-Short Form 
(IIQ-7)

  7 Not applicable

Incontinence Quality-of-Life 
Questionnaire (I-QOL)

Impact, response to 
UI, women, men

22 Avoidance and limiting 
behaviors, psychosocial, 
social embarrassment

Wagner et al44

Incontinence Stress 
Questionnaire for Patients 
(IQS-P)

Impact, response to 
UUI, elderly 
women

20 Depressive, aesthetic or 
somatic, social

Yu et al56

King’s Health Questionnaire 
(KHQ)

Impact, response to 
UI, women, men

21 Role limitations, physical 
limitations, social limitations, 
personal limitations, 
emotional problems, sleep 
and energy disturbance, 
severity (coping) measures, 
symptom severity, 
incontinence impact (single 
item), general health 
perception (single item)

Kelleher et al51

Leicester Impact Scale Impact, response to 
LUTS, women, 
men

21 Travel, activities, social, 
hobbies, family life, feelings

Shaw et al59

Overactive Bladder 
Questionnaire (OAB-Q)

Continent and 
incontinent OAB

33 Symptom bother, coping, 
concern, social interaction, 
sleep

Coyne et al54 

Quality-of-life Questionnaire 
for Urinary Urge 
Incontinence

Impact, response to 
UUI, women

24 Activities, emotional impact, 
self-image, sleep, well-being

Marquis et al57

Continued
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Instrument Purpose Items Subscales References

Symptom Impact Index for 
Stress Incontinence in 
Women

Impact, response to 
SUI, women

 3 Not applicable Black et al32

Severity Index Amount of SUI, 
women

 2 Not applicable Sandvik et al30

Sandvik et al31

Severity Index & Symptom 
Impact Index (SII-SI)

Amount, impact of 
SUI, women

5 (severity)
3 (impact)

Not applicable Black et al32

Stress Incontinence 
Questionnaire (SIQ)

Amount of SUI, 
women

18 Maneuvers for SUI, active, 
passive planned, unplanned

Nochajski et al29

Urogenital Distress Inventory 
(UDI)

Impact, response to 
UUI, women

19 Irritative, obstructive, or 
discomfort stress

Shumaker et al3

Brown et al22

Urge Urogenital Distress 
Inventory (U-UDI)

 9 Not applicable

Urogenital Distress
Inventory–Short Form 

(UDI-6)

 6 Not applicable

Urge Impact Scale (URIS-24) Elderly, UI 24 Psychologic burden, 
perception of personal 
control, self-concept

DuBeau et al47

Urge Incontinence Impact 
Questionnaire (U-IIQ)

Impact, response to 
UUI, women, 
men

32 Travel, activities, physical 
activities, feelings, 
relationships, sexual 
function, nighttime bladder 
control

Lubeck et al40

Urinary Incontinence 
Handicap 

Inventory (UIHI)

Elderly women, UI 17  Not applicable Rai et al56

Urinary Incontinence Severity
Score (UISS)

Women, UI 10 Not applicable Stach-Lempinen et al37

York Incontinence 
Perceptions 

Scale (YIPS)

Women, UI  8 Not applicable Lee et al48

LUTS, lower urinary tract symptoms; OAB, overactive bladder; SUI, stress urinary incontinence; UI, urinary incontinence; UUI, urge urinary 
incontinence.

Table 12-1 Symptom Questionnaires for Lower Urinary Tract Symptoms—cont’d

marginal, the DIS has a positive predictive value of 0.82 for 
determining which patients would not demonstrate detrusor 
instability on urodynamic evaluation.25,26

The Gaudenz Incontinence Questionnaire has been used 
widely in Europe as a diagnostic tool to discriminate between SUI 
and UUI. Initial studies demonstrated high validity. A validation 
study evaluated the ability of the two subscales to predict urody-
namic fi ndings in 1938 women with incontinence. The strict 
urodynamic criteria used demonstrated detrusor instability in 
only 2% of women, with 5% having mixed incontinence, making 
interpretation of this questionnaires performance diffi cult.27 A 
shorter, English-language variation of the Gaudenz Incontinence 
Questionnaire used in Japan was compared with physical exami-
nation, pad test, and urodynamic data before and after interven-
tion. Post-treatment scores for both parameters were signifi cantly 
reduced.28

Questionnaires that Quantify the Amount of 
Urinary Symptoms

The Stress Incontinence Questionnaire (SIQ) was created to 
evaluate whether specifi c activities women routinely perform that 
result in SUI have diagnostic value. Subjects use a 4-point scale 
to respond about urinary leakage when performing 18 specifi c 
maneuvers. Statistical analysis identifi ed four subscales or factors 
designated active maneuvers, passive maneuvers, planned maneu-
vers, and unplanned maneuvers. Psychometric testing using 
clinical and urodynamic data demonstrated good reliability. The 
correlation of the four factors with different clinical characteri-
stics suggests that the factors identify different aspects of 
incontinence.29

The Severity Index attempts to determine the extent that 
women are bothered by incontinence.30 There are two questions; 
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one asks about the frequency of urinary incontinence, and the 
second assesses the amount of leakage per urinary incontinence 
event. The numeric values 1 to 4 for the frequency and 1 to 3 
for the amount are multiplied to give the score ranging from 
1 to 12. The scores are then divided into four levels of severity. 
The severity level correlated reasonably well with leakage by 
48-hour pad tests, but there was overlap between the severity 
groups. An updated version includes a very severe category, 
which identifi ed a subgroup of older women when used in an 
epidemiologic study. The investigators recommend adding a no 
leakage response if the questions are being used to monitor 
outcome.31

Questionnaires that Assess the Amount of Symptoms 
and the Impact of Symptoms

The Severity Index and the Symptom Impact Index for stress 
incontinence are paired indices specifi c for SUI that divide sever-
ity and impact into separate scores. The three items of the 
Symptom Impact Index assess the degree to which women avoid 
activities because of stress incontinence. After a comprehensive 
development process, the instrument was found to have good 
reliability, but convergent validity was demonstrated only through 
a signifi cant correlation with body mass index. The instrument 
was not signifi cantly related to the more relevant characteristic 
of whether a woman had undergone previous surgery for stress 
incontinence. Conversely, discriminant validity was shown by the 
lack of correlation between index scores, demographic variables, 
and unrelated medical history.32

The Bristol Female Lower Urinary Tract Symptoms Question-
naire (BFLUTS) was developed from the International Conti-
nence Society male questionnaire, retaining the same format and 
many of the items. Thirty-three questions evaluate four domains: 
incontinence severity, associated symptoms, quality of life, and 
sexual function. Many of the questions have an additional com-
ponent assessing the level of associated bother.33 Initial psycho-
metric testing compared BFLUTS scores with voiding diaries and 
pad tests in 85 incontinent women and control subjects. The 
frequency of reported symptoms and the degree of bother were 
signifi cantly higher for all symptoms in the clinical cohort. Cri-
terion validity was confi rmed by comparing items assessing 
urinary frequency and incontinent episodes to the voiding diaries. 
All voiding diary parameters except daytime frequency correlated 
well with BFLUTS scores. Subjective assessment of the degree of 
incontinence correlated with pad test results. Internal consis-
tency and test-retest reliability were confi rmed. The BFLUTS 
questionnaire is a comprehensive tool for evaluating urinary 
incontinence in women. Its large size may limit general use by 
clinicians.

The International Consultation on Incontinence Question-
naire (ICIQ) is a four-item questionnaire composed of three 
scored items and an unscored self-diagnostic item that assesses 
the prevalence, frequency, and perceived cause of urinary incon-
tinence and its impact on everyday life. It was developed for a 
wide range of patients for clinical practice and research settings. 
The ICIQ is easily completed, with low levels of missing data 
(mean, 1.6%), and it is able to discriminate among different 
groups of individuals, indicating good construct validity. Con-
vergent validity was acceptable, and reliability was good, with 
“moderate” to “very good” stability in test-retest analysis and a 
Cronbach’s α value of 0.95. Statistically signifi cant reductions 
in symptoms from baseline after surgical and conservative 

treatment were observed, demonstrating that the ICIQ is 
responsive.34

The ICIQ, a 24-hour pad test, Stamey grade, and 3-day fre-
quency volume diary used to assess severity were further evalu-
ated in 95 women with primary or recurrent SUI. In the primary 
SUI group, there was a strong correlation between the ICIQ and 
the 24-hour pad test results. The ICIQ and 24-hour pad test 
results also correlated with the mean frequency of urinary loss on 
the diary but not with the Stamey grade. Although good correla-
tion between the 24-hour pad test and ICIQ in women with 
primary SUI was demonstrated, no subjective or objective tests 
correlated for women with recurrent SUI.35 Intraobserver and 
interobserver reliabilities of the ICIQ have been established by 
observing that the results obtained from administering the ICIQ 
at the offi ce or at home were not different from those obtained 
by the physician during an interview, a potentially unique advan-
tage of this tool.

The ICIQ has been shown to be an effective tool for the assess-
ment of the frequency, severity, and impact on quality of life of 
urinary incontinence in a wide range of patients. Because it is 
brief and simple, is responsive to treatment, and includes a 
measure of quality-of-life impact, the ICIQ may prove to be 
extremely useful as an outcome measure in patients in clinical 
and research settings.36

Four of 10 items on the Urinary Incontinence Severity Score 
assess the amount of leakage, and the other six items refer to 
the impact of urinary incontinence on a woman’s daily life.37 
Although this measure was found to have adequate psychometric 
properties, the instrument yields only a total score that combines 
the four symptom items and six symptom impact items. This 
instrument therefore does not provide a pure indication of 
symptom impact or quality of life.

Questionnaires that Assess the Impact of 
Urinary Symptoms

The Incontinence Impact Questionnaire (IIQ) and the Urogeni-
tal Distress Inventory (UDI) are paired symptom questionnaires 
that measure the HRQOL effect and the level of distress in women 
with stress incontinence.3 Variations of these two products 
include short forms and urge-specifi c forms. The 30-question 
IIQ has four domains: physical activity, travel, social or relation-
ships, and emotional health. The UDI is more of a measure 
of “bothersomeness” and contains three domains of irritative, 
obstructive or discomfort, and stress symptoms. Validation was 
established with convergent and discriminant correlation with 
several clinical parameters, including fi nal diagnosis, pad test 
results, and voiding diaries. However, a subsequent study found 
it to have poor construct validity as indicated by weak correla-
tions with a clinical measure.38 The instrument recently was re-
examined using factor analysis, and a new subscale assessing 
embarrassment was identifi ed. This revised version (IIQ-R) was 
found to have good psychometric properties.38 A version of the 
IIQ with two additional items has been shown to perform well 
in assessing men with urinary incontinence.39

In 1995, the original psychometric test data was re-analyzed 
to produce the short forms of both the IIQ and the UDI. The 
seven-item IIQ (IIQ-7) retains the four subscales. The UDI-6 was 
constructed by taking two items from each of the three original 
subscales. Regression analysis confi rmed adequate validity and 
consistency. Correlation between the long and short forms of 
both indices (total scores and subscale scores) was high.40
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The original IIQ and UDI were validated primarily among 
patients with stress incontinence and subsequently have been 
adapted to be more specifi c for the urge component of inconti-
nence. The Urge IIQ (U-IIQ) domains are travel, activities, feel-
ings, physical activity, relationships, and sexual function. The 
Urge-UDI (U-UDI) has 9 items, some of which have an associ-
ated bother question. Eighty-three women with racial and socio-
economic diversity were used for initial psychometric testing. All 
women had pure or predominantly urge UUI. A large percentage 
of women did not answer some questions on physical and sexual 
activity. Only minimal correlation was seen between these ques-
tionnaires and the general quality-of-life index Short Form-36 
Item Health Survey (SF-36). All subscales demonstrated high 
internal consistency. Test-retest correlation was adequate for the 
U-IIQ subscales and low for the U-UDI.22,40

The Incontinence Quality of Life Measure (I-QOL) is a 22-
item questionnaire designed to assess the quality of life of men 
and women with urinary incontinence. There are three subscales 
of avoidance and limiting behaviors, psychosocial impact, and 
social embarrassment. A number of items address worry about 
certain things that may happen, such as worry about not getting 
to the toilet or worry about being embarrassed. Reliability and 
validity have been demonstrated, but the reported psychometric 
results have focused primarily on the total score rather than the 
subscales.41,42 Construct and discriminant validity were demon-
strated further in later studies.43,44 Although the I-QOL was 
designed for use in men and women, it has been used primarily 
in women. The instrument has been translated into more than 
20 languages. The I-QOL has been used as an outcome measure 
in clinical trials of treatment for SUI, and it has been used as 
a fundamental tool to validate patient global impression 
questionnaires.45

The Urge Impact Scale (URIS-24) is a 24-item quality-of-life 
measure specifi cally for older persons (65 years or older) with 
UUI. The original 32-item questionnaire was developed from 
comprehensive interviews with 21 older men and women with 
UUI. Questions were formulated by using language recorded 
during the interviews.46 Analysis revealed three factors or sub-
scales: psychological burden, perception of personal control, and 
self-concept. URIS-24 scores demonstrated moderate correlation 
with mean incontinent episodes per day. Reliability was accept-
able. Although there was some test-retest variability for individ-
ual items, the composite score was reproducible. As is common 
with HRQOL questionnaires, criterion validity is lacking. This 
seems to be a well-constructed tool with a defi ned target popula-
tion of older adults.47

The York Incontinence Perception Scale (YIPS) is a one-
dimensional index of eight items that measures the psychosocial 
impact of incontinence in women. Psychometric techniques were 
used to select the items. Voiding diaries, response to treatment, 
and comparison with the IIQ were used for validation. Respon-
siveness was tested in a randomized trial of behavioral therapy 
for incontinence. YIPS scores substantially increased in the treat-
ment group relative to the control group.48 The YIPS is a brief 
incontinence impact questionnaire with good psychometric 
characteristics.

The King’s Health Questionnaire (KHQ) is a 21-item quality-
of-life index specifi c for women and for urinary incontinence.49 
The KHQ was developed to assess HRQOL in women with 
general symptoms of incontinence, but it has since been shown 
to be valid and reliable for use in men and women with overactive 
bladder symptoms.50 Eight domains were identifi ed: general 

health, incontinence impact, role limitations, physical limita-
tions, social limitations, personal limitations, emotional prob-
lems, and sleep or energy disturbances and severity measures. 
The reliability and validity were assessed in 285 women before 
urodynamic evaluation. Internal consistency and test-retest reli-
ability were excellent. Common domains between the KHQ and 
the SF-36 correlated highly. Scores were analyzed relative to uro-
dynamic diagnosis. Although women with genuine SUI tended 
to report more severe leakage, those suffering from detrusor 
instability reported poorer general health and greater impact of 
incontinence on their lives. The KHQ is reliable and valid in 
women with incontinence and in men and women with overac-
tive bladder.

The CONTILIFE is an HRQOL questionnaire that has been 
validated in fi ve languages among women with SUI.51 Psycho-
metric properties were good with some exceptions, including 
internal consistency of the effort activities, responsiveness of 
sexuality, and well-being dimensions.

The Overactive Bladder Questionnaire (OAB-q) consists of an 
eight-item symptom bother scale and 25 items assessing HRQOL 
in four domains: coping, concern, sleep, and social interaction. 
This instrument is unique in that it was directly based on percep-
tions of continent and incontinent patients with overactive 
bladder.52 In community and clinical samples, it has been shown 
to have strong psychometric properties, including responsiveness 
to change in the continent overactive bladder symptoms of 
urgency and frequency and nocturia.52 The OAB-q has been 
shown to discriminate between patients with different levels of 
nocturia and among patients with stress, urge, or mixed incon-
tinence in a community sample.53

The Incontinence Stress Questionnaire for Patients (ISQ-P) 
was developed to evaluate patients psychologic distress associated 
with urinary incontinence in long-term care.54 The fi nal 20-item 
version of the questionnaire was derived from a broad item 
pool of 109 items based on interviews with patients and factor 
analyses. The published validation study reports good internal 
consistency and construct validity, although test-retest reliability 
was assessed over a longer period (11 weeks) than is preferred. 
The instrument was validated among a sample of 96 elderly 
women with cognitive impairment and therefore may not be 
applicable to a more general sample of patients with urinary 
incontinence.

The 24-item Quality-of-life Questionnaire for Urinary Urge 
Incontinence questionnaire is grouped into fi ve dimensions: 
activities, emotional repercussions, self-image, sleep, and well-
being.57 Although the instrument appears to have sound psycho-
metric properties, subsequent instruments have been developed 
and validated specifi cally for patients with urge incontinence.

The Urinary Incontinence Handicap Inventory (UIHI) was 
based on the perceptions of 10 individuals in the target popula-
tion (i.e., elderly women with urinary incontinence) on emo-
tions, activities, social interaction, and physical functioning.56 
The instrument demonstrated good internal consistency reliabil-
ity, test-retest reliability, and construct validity.

The Leicester Impact Scale is a 21-item, condition-specifi c 
quality-of-life measure for men and women with LUTS, with or 
without incontinence. The questionnaire was interviewer admin-
istered to a community sample of men and women older than 40 
years. The distribution of scores was skewed with low levels of 
impact, which may refl ect a community sample rather than a 
treatment sample, but it was responsive to conservative treat-
ment. Limitations include the length, the fact that it is interviewer 
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administered (e.g., costly, time intensive, bias,) and the poor 
interrater reliability for some items, specifi cally the “depressed” 
and “angry” items.57

THE ROLE OF INCONTINENCE QUESTIONNAIRES

The perfect LUTS symptom questionnaire would be short, easily 
administered and scored, discriminate between SUI and UUI, 
measure severity, and measure the effect of the symptoms on 
HRQOL. It would minimize the need for invasive and expensive 
testing. All clinicians treating incontinence would regularly use 
this tool, helping create a standardized means for evaluating 
LUTS and measuring the outcomes of treatment. Unfortunately, 
this questionnaire does not exist, and using more than one ques-
tionnaire may be necessary. Because stress and urge incontinence 
probably represent different disease processes, scales that dis-
criminate between them or score them separately may more 
accurately refl ect a patient’s condition than a more general 
scale.

To reduce bias and inadvertent outside infl uence when using 
HRQOL questionnaires, several guidelines should be followed. 
The questionnaire should be self-administered by the patient, 
and the patient should be given a specifi c timeframe for their 
answers. Usually, patients are asked to think about their symp-
toms over the past 4 weeks. Longer timeframes may predispose 
patients to report how they act or feel, decreasing responsive-
ness.58 The psychologic effect of surgical intervention must be 
considered because it has been shown there may be a false sense 
of well-being immediately after surgery (from anxiety and stress 
relief), regardless of the effect of the surgery.59 Surgeons reporting 
on this subject would agree that the outcomes of incontinence 
therapy should not be evaluated too soon after surgery. Patients 
must complete the questionnaire in the same setting, which may 
be most practical in the offi ce while waiting for the physician. 
Patients must not have assistance, unless by trained personnel, to 
eliminate inadvertent bias through personal interpretation or 
explanation of the questions.

When selecting which HRQOL instrument to use in a specifi c 
situation, several factors should be considered. The functional 
domains assessed by items and subscales among different tools 
vary, and one instrument may be preferable over another. For 
example, because the IIQ has a travel subscale, it can be used to 
evaluate the impact of treatment on patients’ ability to travel.

It is critical to match the questionnaire with the intended 
study sample. There are inherent differences between urinary 
symptoms in terms of causes and HROQL impacts. For example, 
SUI has less HROQL impact than urge or mixed urinary incon-
tinence, and mixed urinary incontinence has a greater impact 
than urge alone.60 Because different urinary symptoms affect 
patients in different ways, it is necessary to choose a question-
naire that has been developed and validated for use among the 
study population. Instruments validated among samples with 
SUI include the CONTILIFE and the Symptom Impact Index for 
Stress Incontinence in Women, whereas the URIS and U-IIQ 
were designed specifi cally for patients with urge urinary incon-
tinence. The ISQ-P would be useful to study a population of 
cognitively impaired older women in long a term care facility.

Of the urinary incontinence-specifi c HRQOL instruments, 
the KHQ has been validated in a large and diverse population, 
and many translations are available. Other sound urinary incon-
tinence-specifi c instruments for women include the IIQ, UDI, I-

QOL, and ICIQ. When a brief questionnaire is desired, the IIQ-7 
and UDI-6 or the ICIQ would be appropriate. The OAB-q is an 
HRQOL instrument that was specifi cally developed and validated 
for use in continent and incontinent patients with overactive 
bladder, and it may be appropriate for diverse populations of 
patients with symptoms of urgency, frequency, or nocturia, but 
not incontinence.

The ICIQ has been shown to be an effective tool for the assess-
ment of the frequency, severity, and impact on quality of life of 
urinary incontinence in a wide range of patients. Because it is 
brief and simple, is responsive to treatment, and includes a 
measure of quality-of-life impact, the ICIQ may prove to be 
extremely useful as an outcome measure.

Many have reported that urinary incontinence HRQOL ques-
tionnaires do not always correlate with preoperative objective 
measures of urinary incontinence There is poor correlation 
between the severity of scores in the IIQ and UDI and the 1-hour 
pad test in a community population.15 The poor predictive value 
of the IIQ and the UDI for patients with the urodynamic 
diagnosis of stress or urge incontinence has been reported,61 but 
these tools have been shown to be responsive to treatment of 
SUI after reconstructive pelvic surgery.62 Others have shown 
poor correlation between the severity of incontinence determined 
by Valsalva leak point pressure and scores on the UDI-6, but 
specifi c items from the UDI-6 were able to provide predictive 
information regarding urodynamic fi ndings in women.63 For 
example, 85% of patients with detrusor overactivity reported a 
moderate or great response to urge-related leakage (item 2) of 
the UDI-6. Preoperative use of the UDI-6 could therefore have 
avoided 52 of 128 urodynamic studies, and only six patients 
with detrusor overactivity would have been missed. This type of 
information may help eliminate the discomfort and potential 
complications of invasive urodynamic testing and reduce the 
associated costs.

The postoperative evaluation of incontinence treatment is 
complicated. Our objective tools that evaluate incontinence are 
extremely insensitive and miss the incontinence in many of 
patients, or our symptom questionnaires reveal some unknown 
characteristics that do not relate to objective urinary inconti-
nence. We know that women may report satisfaction with surgery 
even if they have not achieved continence. Satisfaction rates 
decrease with pad use, with the increasing frequency of stress 
symptoms, and with urge incontinence.64 Can this be measured 
accurately, and does it predict or correlate with patients’ subjec-
tive outcomes?

A comprehensive discussion of the role of urodynamic testing 
is beyond the scope of this chapter, but several observations can 
be offered. In a prospective, randomized study comparing the use 
of tension-free vaginal tape with colposuspension, the objective 
cure rate (defi ned as negative pad test and negative cystometric 
results) was 66% in the tension-free vaginal tape group and 57% 
in the colposuspension group.65 When patients completed vali-
dated questionnaires, only 59% and 53%, respectively, reported 
cure of their SUI. Only 36% and 28%, respectively, reported no 
urine leakage under any circumstance. However, 84% in the 
tension-free vaginal tape group and 82% in the colposuspension 
group reported being satisfi ed or very satisfi ed with their surgery 
and were willing to recommend it to a friend. Fulford and col-
leagues66 identifi ed six patients with demonstrable stress in-
continence on postoperative video urodynamics who had no 
subjective complaints of stress incontinence. In the same study, 
despite 83 of 85 patients reporting symptomatic resolution of 
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stress incontinence, only 66 were satisfi ed with the surgical result, 
mainly because of persistent urge symptoms. These data are 
similar to those of Litwiller and coworkers,67 who reported just 
over one half of patients subjectively satisfi ed in the presence of 
persistent urgency or urge incontinence, compared with a 100% 
satisfaction rate for those without an urge component.

Although postoperative stress incontinence may not correlate 
with patient satisfaction, detrusor overactivity and urgency 
symptoms are important factors in poor subjective outcomes 
after surgery. Rodriguez and coworkers68 evaluated postoperative 
patients who had preoperative detrusor overactivity on urody-
namic study. Although these patients reported similar improve-
ment in SUI symptoms, their postoperative symptoms of 
frequency, urgency, urge incontinence, and use of pads for pro-
tection were signifi cantly more severe than those without preop-
erative detrusor overactivity. In this study, perception of overall 
quality of life was not different for patients with or without detru-
sor overactivity on urodynamic studies, regardless of their worse 
outcome. This fi nding may refl ect realistic patient expectations 
that UUI symptoms may not improve after surgery (perhaps 
because of good preoperative counseling) or the fact that overall 
improvement (85% versus 88%) and decrease in daily pad use 
(69% versus 71%) was similar between groups.

Many investigators have evaluated patients’ expectations for 
surgery9,69-74 and have shown that the patients’ goals can range 
from improvement of a specifi c symptom to restoration of a 
general lifestyle. Patients’ expectations for surgery to improve 
quality of life are critical, and preoperative counseling is essential 
to clarify and negotiate reasonable surgical outcomes. Failure to 
meet these expectations is an important reason why patients 
report dissatisfaction after surgery. Lifestyle factors may include 
the goal of return to missed activities (“I want to be able to play 
with my grandchildren’’ or “I want to go back to an exercise 
routine’’), whereas other patients may desire resolution of a par-
ticular problem (“I want the bulge gone’’ or “I don’t want to leak 
when I cough’’).

Although we cannot predict individual goals, achievement of 
specifi c goals appears to be a primary reason for undergoing 
surgery. Elkadry and associates74 observed that women’s expecta-
tions of goal achievement are so strong that even extensive pre-
operative counseling did not eliminate unrealistic hopes such as 
relief of urinary frequency and urgency from the personal goals 
list. Further study is needed to establish whether the inclusion of 
patient goals into preoperative evaluation improves patient 
outcomes.

COMBINED MEASURES OF TREATMENT OUTCOMES

Most clinicians would agree that the ultimate defi nition of success 
is the patient’s subjective outcome. However, objective data 
obtained through testing are critical to assess a procedure’s effi -
cacy and its complications, allow accurate comparison of differ-
ent procedures, and ultimately allow the clinician to provide 
realistic outcomes expectations and counseling to patients. 
Although the perfect questionnaire could help us sort out these 
symptoms without invasive testing, it does not exist. We are left 
with a dilemma about how to evaluate and report patient out-
comes after incontinence therapy. The Urodynamics Society rec-
ommended that the post-treatment evaluation of incontinence 
should include at least the patient’s opinion of treatment 
outcome, a micturition questionnaire, a voiding diary, a pad test, 

a physical examination, urofl owmetry, and postvoid residual 
volume.10

An innovative system to combine subjective and objective 
evaluation of incontinence, the SEAPI QMM, was published by 
Raz and Erickson in 1992.4 This system is conceptually similar to 
the TNM system, with each letter of SEAPI QMM representing 
an aspect of incontinence (stress-related leakage, bladder empty-
ing ability, anatomy, protection, inhibition of bladder activity, 
quality of life, mobility, and mental status) and each factor 
assigned a number grade.4

The quality-of-life measure consists of a 15-item question-
naire that looks at several domains, including social interactions, 
personal strain, global health and quality of life, satisfaction and 
fi nancial impact. This quality-of-life measure was further assessed 
for reliability and secondarily evaluated the gender differences in 
the impact of incontinence before and after treatment. The self-
directed SEAPI QMM quality-of-life index was evaluated in 315 
patients (102 men and 213 women) with incontinence and 35 
without incontinence.75 A voiding diary reported the frequency 
of incontinence episodes and the number of pads or type of 
protection used daily for incontinence. Mean scores before and 
after treatment with medical or surgical management were sig-
nifi cantly different for both genders. Women reported that 
urinary incontinence had the greatest impact in the social domain, 

The Groutz-Blaivas anti-incontinence surgery response 
score combines the patient’s objective clinical data with 
their subjective report of outcome. The three measures of 
incontinence—the patient questionnaire, 24-hour pad test, 
and 24-hour voiding diary—are scored from 0 to 2, and the 
cumulative score determines the outcome category of cure, 
good, fair, poor, or failure.

Postoperative 24-Hour Voiding Diary
0 = No urinary incontinence (urge or stress) episodes.
1 = 1 or 2 incontinence episodes
2 = ≥3 incontinence episodes

Postoperative 24-Hour Pad Test
0 = Total weight gain of the pads: ≤8  g
1 = Total weight gain of the pads: 9 to 20  g
2 = Total weight gain of the pads: >20  g

Patient Questionnaire
0 = The patient considers herself cured.
1 = The patient considers herself improved.
2 = The patient considers the operation to have failed.

Cumulative Score
Outcome  Total score
Cure  0
Good response 1-2
Fair response  3-4
Poor response  5
Failure 6

Box 12-1 Groutz-Blaivas Anti-Incontinence 
 Surgery Response Score

From Groutz A, Blaivas JG, Rosenthal JE: A simplifi ed urinary incontinence score for 
the evaluation of treatment outcomes. Neurourol Urodyn 19:127-135, 2000.
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of these noninvasive objective data with patient questionnaires 
to generate a global outcome score seems to be an effective tool 
in evaluating treatment outcomes for SUI. More sophisticated 
urodynamic testing and the addition of a validated HRQOL tool 
would strengthen the outcome data but may discourage patient 
follow-up.

CONCLUSIONS

Evaluating treatment outcome for urinary incontinence is com-
plicated by studies that have different surgical technique, patient 
selection, length of follow-up, study methodology, and investiga-
tor defi nition of cure. Standardizing outcomes measures would 
be a great stride in achieving comparable data for treatment 
evaluation. Until the evaluation of urinary incontinence is stan-
dardized, it is most reasonable to suggest that investigators 
present complete data sets, including any urodynamic data (e.g., 
Valsalva leak point pressure, pressure-fl ow data), postvoid resid-
ual volume, pad test weights, voiding diary data, and HRQOL 
questionnaire data for review. This would allow more accurate 
interpretation and evaluation of the effect and complications of 
different treatments. Choosing a single questionnaire may not be 
suffi cient for most purposes, and combining two or more ques-
tionnaires may prove comprehensive and practical for most 
clinical environments. Longer symptom questionnaires may be 
necessary to provide the data set for clinical research to help 
understand urinary incontinence and the impact of treatment 
on symptoms. The incorporation of noninvasive objective data 
with patient questionnaires, such as that presented in the response 
score of Groutz and Blaivas,76 seems to be the most effective 
means of evaluating treatment outcomes for SUI.
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Chapter 13

CATEGORIZATION OF VOIDING 
DYSFUNCTION
Alan J. Wein and M. Louis Moy

The lower urinary tract functions as a group of interrelated struc-
tures in the adult to bring about effi cient and low-pressure 
bladder fi lling, low-pressure urine storage with perfect conti-
nence, and periodic, complete, voluntary urine expulsion at low 
pressure. Because in the adult the lower urinary tract is normally 
under voluntary neural control, it is different from other visceral 
organs, whose regulation is solely by involuntary mechanisms.

For the purposes of description and teaching, the micturition 
cycle is best divided into two relatively discrete phases: bladder 
fi lling with urine storage and bladder emptying or voiding. The 
micturition cycle normally displays these two modes of operation 
in a simple on-off fashion. The cycle involves switching from 
inhibition of the voiding refl ex and activation of storage refl exes 
to inhibition of the storage refl exes and activation of the voiding 
refl ex—and back again.

This chapter begins with a functional, physiologic, and phar-
macologic overview of normal and abnormal lower urinary tract 
function. A simple way of looking at the pathophysiology of all 
types of voiding dysfunction is presented, followed by a discus-
sion of various systems of classifi cation and categorization.

NORMAL LOWER URINARY TRACT FUNCTION

Two-Phase Concept of Function: Filling or Storage and 
Emptying or Voiding

Whatever disagreements exist regarding the anatomic, morpho-
logic, physiologic, pharmacologic, and mechanical details 
involved in the storage and expulsion of urine by the lower 
urinary tract, most experts agree on certain points.1 The fi rst is 
that the micturition cycle involves two relatively discrete pro-
cesses: bladder fi lling with urine storage and bladder emptying. 
The second is that, whatever the details involved, these processes 
can be summarized from a conceptual point of view as follows.

Bladder fi lling and urine storage require the following:

1. Accommodation of increasing volumes of urine at a low 
intravesical pressure and with appropriate sensation

2. A bladder outlet that is closed at rest and remains so during 
increases in intra-abdominal pressure

3. Absence of involuntary bladder contractions

Bladder emptying requires the following:

1. Coordinated contraction of the bladder smooth muscula-
ture of adequate magnitude and duration

2. Concomitant lowering of resistance at the level of the 
smooth and striated sphincter

3. Absence of anatomic (as opposed to functional) 
obstruction

The smooth sphincter refers to the smooth musculature of the 
bladder neck and proximal urethra. This is a physiologic but not 
an anatomic sphincter and one that is not under voluntary 
control. The striated sphincter refers to the striated musculature, 
which is a part of the outer wall of the proximal urethra in males 
and females (this portion is often referred to as the intrinsic or 
intramural striated sphincter), and the bulky skeletal muscle group 
that surrounds the urethra at the level of the membranous portion 
in the male and the middle segment in the female (often referred 
to as the extrinsic or extramural striated sphincter). The extramu-
ral portion is the classically described external urethral sphincter 
and is under voluntary control.2

Any type of voiding dysfunction must result from an abnor-
mality of one or more of the factors just listed. This two-phase 
concept of micturition, with the three components of each, 
related to the bladder or to the outlet provides a logical frame-
work for a functional categorization of all types of voiding 
dysfunction and disorders of fi lling and storage or to voiding 
(Boxes 13-1 and 13-2). Some types of voiding dysfunction rep-
resent combinations of fi lling with storage and voiding abnor-
malities. Within this scheme, however, these become readily 
understandable, and their detection and treatment can be logi-
cally described. Various aspects of physiology and pathophysiol-
ogy are always related more to one phase of micturition than 
another. All aspects of urodynamic and video-urodynamic evalu-
ation can be conceptualized in this functional manner according 
to what they evaluate in terms of bladder or outlet activity during 
fi lling with storage or voiding (Table 13-1). All known treatments 
for voiding dysfunction can be classifi ed in the broad categories 
of whether they facilitate fi lling with storage or voiding and 
whether they do so by an action primarily on the bladder or on 
one or more of the components of the bladder outlet (see Box 
13-2 and Table 13-1).

Mechanisms Underlying the Two Phases of Function

This section summarizes pertinent points regarding the physiol-
ogy of the various mechanisms underlying normal bladder fi lling 
with storage and voiding, abnormalities of which constitute the 
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Failure to store
 Because of the bladder
 Because of the outlet
Failure to empty
 Because of the bladder
 Because of the outlet

Box 13-1 Functional Classifi cation
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162 Section 3 PATHOPHYSIOLOGY OF VOIDING DYSFUNCTION

pathophysiologic mechanisms of the various types of dysfunction 
of the lower urinary tract. The information is consistent with that 
detailed by de Groat and associates,3,4 Zderic and colleagues,2 and 
Steers,5 and references are provided only when particularly 
applicable.

Bladder Response during Filling
The normal adult bladder response to fi lling at a physiologic rate 
is an almost imperceptible change in intravesical pressure. During 
at least the initial stages of bladder fi lling, after unfolding of the 
bladder wall from its collapsed state, this very high compliance 
(Δ volume/Δ pressure) of the bladder primarily results from its 
elastic and viscoelastic properties. Elasticity allows the constitu-
ents of the bladder wall to stretch to a certain degree without any 

increase in tension. Viscoelasticity allows stretch to induce a rise 
in tension, followed by a decay (i.e., stress relaxation) when the 
fi lling (i.e., stretch stimulus) slows or stops. Brading and col-
leagues6 think there is continuous contractile activity in the 
smooth muscle cells to adjust their length during fi lling but 
without (normally) synchronous activity that would increase 
intravesical pressure, would impede fi lling, and could cause 
urinary leakage. Clinically and urodynamically, the bladder seems 
relaxed. The urothelium also expands but must preserve its 
barrier function while doing so. There may be an active compo-
nent to the storage properties of the bladder. The mucosa and 
lamina propria are normally the most compliant layers of the 
bladder. Coplen and associates7 have hypothesized that the 
smooth muscle layer may have a chronic effect on compliance in 
the midportion of the cystometric fi lling curve through a complex 
interaction between muscle and extracellular matrix. This layer 
may acutely affect compliance in response to neurologic input 
as well.

In the usual clinical setting, fi lling cystometry seems to show 
a slight increase in intravesical pressure, but Klevmark8,9 elegantly 
showed that this pressure rise is a function of the fact that cysto-
metric fi lling is carried out at a greater than physiologic rate and, 
at physiologic fi lling rates, there is essentially no rise in bladder 
pressure until bladder capacity is reached.

The viscoelastic properties of the stroma (i.e., bladder wall less 
smooth muscle and epithelium) and the urodynamically relaxed 
detrusor muscle account for the passive mechanical properties 
and normal bladder compliance seen during fi lling. The main 
components of the stroma are collagen and elastin. When the 
collagen component increases, compliance decreases. This can 
occur with various types of injury, chronic infl ammation, bladder 
outlet obstruction, and neurologic decentralization. After 
decreased compliance has occurred because of a replacement by 
collagen of other components of the stroma, it is generally unre-
sponsive to pharmacologic manipulation, hydraulic distention, 
or nerve section. Most often, under those circumstances, aug-
mentation cystoplasty is required to achieve satisfactory reservoir 
function.

Does the nervous system affect the normal bladder response 
to fi lling? At a certain level of bladder fi lling, spinal sympathetic 
refl exes facilitatory to bladder fi lling and storage are evoked in 
animals, a concept developed over the years by de Groat and 
associates,3 who have also cited indirect evidence to support such 
a role in humans. This inhibitory effect is likely mediated primar-
ily by sympathetic modulation of cholinergic ganglionic trans-
mission. Through this refl ex mechanism, two other possibilities 
exist for promoting fi lling and storage. One is neurally mediated 
stimulation of the predominantly α-adrenergic receptors in the 
area of the smooth sphincter, the net result of which would be to 
cause an increase in resistance in that area. The second is neurally 
mediated stimulation of the predominantly β-adrenergic recep-
tors (inhibitory) in the bladder body smooth musculature, which 
would cause a decrease in bladder wall tension. McGuire and 
colleagues10 also cited evidence for direct inhibition of detrusor 
motor neurons in the sacral spinal cord during bladder fi lling 
that results from increased afferent pudendal nerve activity gen-
erated by receptors in the striated sphincter. Good evidence exists 
to support a tonic inhibitory effect of other neurotransmitters on 
the micturition refl ex at various levels of the neural axis. Bladder 
fi lling and consequent wall distention may also release autocrine-
like factors (e.g., nitric oxide, prostaglandins, peptides) that 
infl uence contractility.

Failure to Store
Because of the bladder
 Overactivity
  Involuntary contractions
  Neurologic disease or injury
  Bladder outlet obstruction (myogenic)
  Infl ammation
  Idiopathic cause
 Decreased compliance
  Neurologic disease or injury
  Fibrosis
  Idiopathic cause
 Combination of overactivity and decreased compliance
 Hypersensitivity
  Infl ammation or infection
  Neurologic disease or injury
  Psychological origin
  Idiopathic cause
Because of the outlet
 Genuine stress urinary incontinence
 Lack of suburethral support
 Pelvic fl oor laxity or hypermobility
 Intrinsic sphincter defi ciency
  Neurologic disease or injury
  Fibrosis
 Combination of causes

Failure to Empty
Because of the bladder
 Neurologic cause
 Myogenic cause
 Psychogenic cause
 Idiopathic cause
Because of the outlet
 Anatomic causes
  Prostatic obstruction
  Bladder neck contracture
  Urethral stricture
  Urethral compression
 Functional causes
  Smooth sphincter dyssynergia
  Striated sphincter dyssynergia
 Combination of causes

Box 13-2 Expanded Functional Classifi cation
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Outlet Response during Filling
There is a gradual increase in urethral pressure during bladder 
fi lling, contributed to by at least the striated sphincteric element 
and perhaps by the smooth sphincteric element as well. The rise 
in urethral pressure seen during the fi lling and storage phase of 
micturition can be correlated with an increase in efferent puden-
dal nerve impulse frequency and in electromyographic activity 
of the periurethral striated musculature. This constitutes the 
efferent limb of a spinal somatic refl ex, the so-called guarding 
refl ex, which results in a gradual increase in striated sphincter 
activity.

Although it seems logical and compatible with neuropharma-
cologic, neurophysiologic, and neuromorphologic data to assume 
that the muscular component of the smooth sphincter also con-
tributes to the change in urethral response during bladder fi lling, 
it is extremely diffi cult to prove this experimentally or clinically. 
The direct and circumstantial evidence in favor of such a hypoth-
esis has been summarized by Wein and Barrett,1 Elbadawi,11 and 
Brading.12 The passive properties of the urethral wall deserve 
mention because they undoubtedly play a large role in the main-
tenance of continence.6,13 Urethral wall tension develops within 
the outer layers of the urethra; however, urethral pressure is a 
product of the active characteristics of smooth and striated 
muscle and of the passive characteristics of the elastic, collage-
nous, and vascular components of the urethral wall, because this 
tension must be exerted on a soft or plastic inner layer capable 
of being compressed to a closed confi guration—the “fi ller mate-
rial” representing the submucosal portion of the urethra. The 
softer and more plastic this area is, the less pressure required by 
the tension-producing area to produce continence. Whatever the 
compressive forces, the lumen of the urethra must be capable of 
being obliterated by a watertight seal. This mucosal seal mecha-
nism explains why a thin-walled rubber tube requires less pres-
sure to close an open end when the inner layer is coated with a 
fi ne layer of grease than when it is not, and the latter case is much 
like scarred or atrophic urethral mucosa.

Voiding with a Normal Bladder Contraction
Although many factors are involved in the initiation of micturi-
tion, intravesical pressure producing the sensation of distention 
is primarily responsible for the initiation of voluntarily induced 

emptying of the lower urinary tract in adults. Although the origin 
of the parasympathetic neural outfl ow to the bladder, the pelvic 
nerve, is in the sacral spinal cord, the organizational center for 
the micturition refl ex in an intact neural axis is in the brainstem, 
and the complete neural circuit for normal micturition includes 
the ascending and descending spinal cord pathways to and from 
this area and the facilitatory and inhibitory infl uences from other 
parts of the brain.

The fi nal step in voluntarily induced micturition involves 
inhibition of the somatic neural efferent activity to the striated 
sphincter and an inhibition of all aspects of any spinal sympa-
thetic refl ex evoked during fi lling. Efferent parasympathetic 
pelvic nerve activity is ultimately responsible for a highly coordi-
nated contraction of the bulk of the bladder smooth musculature. 
A decrease in outlet resistance occurs, with adaptive shaping or 
funneling of the relaxed bladder outlet. Besides the inhibition of 
any continence-promoting refl exes that have occurred during 
bladder fi lling, the change in outlet resistance may also involve 
active relaxation of the smooth sphincter area through a nonad-
renergic, noncholinergic mechanism, probably mediated by 
nitric oxide. The adaptive changes that occur in the outlet in part 
result from the anatomic interrelationships of the smooth muscle 
of the bladder base and proximal urethra (i.e., longitudinal 
smooth muscle continuity). Other refl exes that are elicited by 
bladder contraction and by the passage of urine through the 
urethra may reinforce and facilitate complete bladder emptying. 
Superimposed on these autonomic and somatic refl exes are 
complex, modifying supraspinal inputs from other central neu-
ronal networks. These facilitatory and inhibitory impulses, which 
originate from several areas of the nervous system, allow for the 
full conscious control of micturition in the adult.

Urinary Continence during Abdominal Pressure Increases
During voluntarily initiated micturition, the bladder pressure 
becomes higher than the outlet pressure, and certain adaptive 
changes occur in the shape of the bladder outlet, with consequent 
passage of urine into and through the proximal urethra. Why do 
such changes not occur with increases in intravesical pressure 
that are similar in magnitude but that are produced only by 
changes in intra-abdominal pressure, such as straining or cough-
ing? A coordinated bladder contraction does not occur in response 

Table 13-1 Urodynamics Simplifi ed

Phase Assessed* Bladder Assessment Outlet Assessment

Filling and storage phase Total Pves and Pdet during a fi lling 
cystometrogram

Urethral pressure profi lometry

Detrusor leak point pressure Valsalva leak point pressure
Fluoroscopy

Emptying phase Total Pves and Pdet during a voiding 
cystometrogram

Micturitional urethral pressure profi lometry

Fluoroscopy
Electromyography of periurethral striated musculature

Flowmetry† Flowmetry†

Residual urine† Residual urine†

Pdet, detrusor pressure; Pves, bladder pressure.

*This functional conceptualization of urodynamics categorizes each study according to whether it examines bladder or outlet activity during the fi lling 
and storage phase or emptying phase of micturition.
†In this scheme, urofl ow and residual urine integrate the activity of the bladder and the outlet during the emptying phase.
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164 Section 3 PATHOPHYSIOLOGY OF VOIDING DYSFUNCTION

to such stimuli, emphasizing the fact that increases in total intra-
vesical pressure are by no means equivalent to emptying ability. 
Normally, for urine to fl ow into the proximal urethra, there be 
an increase in intravesical pressure; the increase must be a product 
of a coordinated bladder contraction, occurring through a neu-
rally mediated refl ex mechanism; and it must be associated with 
characteristic conformational and tension changes in the bladder 
neck and proximal urethral area.

Assuming that the bladder outlet is competent at rest, a major 
factor in the prevention of urinary leakage during increases in 
intra-abdominal pressure is the fact that there is at least equal 
pressure transmission to the proximal urethra during such activ-
ity. This phenomenon was fi rst described by Enhorning14 and has 
been confi rmed in virtually every urodynamic laboratory since 
then. Failure of this mechanism, generally associated with hyper-
mobility of the bladder neck and proximal urethra (another way 
of describing pathologic descent with abdominal straining), is an 
almost invariable correlate of genuine stress urinary incontinence 
in the female. No such hypermobility occurs in the male. The 
increase in urethral closure pressure that is seen with increments 
in intra-abdominal pressure normally exceeds the intra-
abdominal pressure increase, indicating that active muscular 
function due to a refl ex increase in striated sphincter activity or 
other factors that increase urethral resistance, in addition to 
simple transmission of pressure, is also involved in preventing 
such leakage. Tanagho15 was the fi rst to provide direct evidence 
of this.

OVERVIEW OF THE MICTURITION CYCLE

Bladder accommodation during fi lling is a primarily passive 
phenomenon that depends on the elastic and viscoelastic proper-
ties of the bladder wall and the lack of parasympathetic excitatory 
input. An increase in outlet resistance occurs by means of the 
striated sphincter somatic guarding refl ex. In some species, a sym-
pathetic refl ex also contributes to storage by  increasing outlet 
resistance by increasing tension on the smooth sphincter, inhi-
biting bladder contractility through an inhibitory effect on para-
sympathetic ganglia, and causing a decrease in tension of bladder 
smooth muscle. Continence is maintained during increases in 
intra-abdominal pressure by the intrinsic competence of the 
bladder outlet and the pressure transmission ratio to this area with 
respect to the intravesical contents. A further increase in striated 
sphincter activity, on a refl ex basis, is also contributory.

Voiding can be voluntary or involuntary and involves inhibi-
tion of the spinal somatic and sympathetic refl exes and activation 
of the vesical parasympathetic pathways, the organizational 
center for which is in the brainstem. Initially, there is a relaxation 
of the outlet musculature, mediated by the cessation of the 
somatic and sympathetic spinal refl exes and probably by a relax-
ing factor, possibly nitric oxide, released by parasympathetic 
stimulation or by some effect of bladder smooth muscle contrac-
tion itself. A highly coordinated, parasympathetically induced 
contraction of the bulk of the bladder smooth musculature 
occurs, with shaping or funneling of the relaxed outlet, caused in 
part by a smooth muscle continuity between the bladder base and 
the proximal urethra. With amplifi cation and facilitation of the 
bladder contraction from other peripheral refl exes and from 
spinal cord supraspinal sources and the absence of anatomic 
obstruction between the bladder and the urethral meatus, com-
plete emptying occurs.

OVERVIEW OF PATHOPHYSIOLOGY: 
ABNORMALITIES OF FILLING OR STORAGE 
AND EMPTYING OR VOIDING

The failure of the lower urinary tract to fi ll with or store urine 
adequately is caused by pathologic conditions of the bladder or 
the outlet, or both.1,16 Overactivity of the bladder during fi lling 
can be expressed as phasic involuntary contractions, as low com-
pliance, or as a combination. Involuntary contractions are most 
commonly associated with suprasacral neurologic disease or 
occur after suprasacral neurologic injury; however, they also 
may be associated with aging, infl ammation, or irritation of the 
bladder wall, bladder outlet obstruction, or stress urinary incon-
tinence, or they may be idiopathic. Decreased compliance during 
fi lling may result from neurologic injury or disease, usually at a 
sacral or infrasacral level, but it may also result from any process 
that destroys the viscoelastic or elastic properties of the bladder 
wall. Storage failure may also occur in the absence of hyperactiv-
ity resulting from hypersensitivity or pain during fi lling. Infl am-
mation and irritation can be responsible, as can neurologic, 
psychological, or idiopathic causes. The classic clinical example 
is interstitial cystitis.

Decreased outlet resistance may result from any process that 
damages the innervation, structural elements, or support of the 
smooth or striated sphincter. This may occur with neurologic 
disease or injury, surgical or other mechanical trauma, or aging. 
Classically, sphincteric incontinence in the female patient has 
been categorized as genuine stress incontinence and as what was 
originally described as type III stress incontinence, which is now 
referred to as intrinsic sphincter dysfunction. Genuine stress 
incontinence in the female is associated with hypermobility of 
the vesicourethral junction, with poor pelvic support, and with 
an outlet that is competent at rest but loses its competence only 
during increases in intra-abdominal pressure. Intrinsic sphincter 
dysfunction describes a nonfunctional or very poorly functional 
bladder neck and proximal urethra at rest. The division between 
these two situations is not absolute, and virtually every case of 
sphincteric incontinence involves various proportions of genuine 
stress incontinence and intrinsic sphincter dysfunction. The 
implication of classic intrinsic sphincter dysfunction is that a 
surgical procedure designed to correct only urethral hypermobil-
ity will have a relatively high failure rate compared with one 
designed to improve urethral coaptation and compression; 
however, this approach has become less dogmatic with newer 
surgical therapies for urinary incontinence.

Stress urinary incontinence is a symptom that arises from 
damage to muscles, nerves, and connective tissue within the 
pelvic fl oor.17 Urethral support is important; the urethra nor-
mally is supported by the action of the levator ani muscles 
through their connection to the endopelvic fascia of the anterior 
vaginal wall. Damage to the connection between this fascia and 
this muscle, damage to the nerve supply, or direct muscle damage 
can infl uence continence. Bladder neck function is likewise 
important, and loss of normal bladder neck closure can result in 
incontinence despite normal urethral support. In older reports, 
the urethra was sometimes ignored as a factor contributing to 
continence in women, and the site of continence was thought to 
be exclusively the bladder neck. However, in approximately 50% 
of continent women, urine enters the urethra during increases in 
abdominal pressure. The continence point in these women is at 
the middle of the urethra, where urine is stopped before it can 
escape from the urethral meatus.
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With urethral hypermobility, there is weakness of the pelvic 
fl oor. During increases in intra-abdominal pressure, there is 
descent of the bladder neck and proximal urethra. If the outlet 
opens concomitantly, stress urinary incontinence ensues. In the 
classic form of urethral hypermobility, there is rotational descent 
of the bladder neck and urethra. However, the urethra may also 
descend without rotation (i.e., it shortens and widens), or the 
posterior wall of the urethra may be pulled open while the ante-
rior wall remains fi xed. However, urethral hypermobility is often 
present in women who are not incontinent, and the mere pres-
ence of urethral hypermobility is not suffi cient to make a diag-
nosis of a sphincter abnormality unless urinary incontinence is 
also demonstrated. The hammock hypothesis of John DeLancey18 
proposes that for stress incontinence to occur with hypermobil-
ity, there must be a lack of stability of the suburethral supportive 
layer. This theory proposes that the effect of abdominal pressure 
increases on the normal bladder outlet, if the suburethral sup-
portive layer is fi rm, is to compress the urethra rapidly and effec-
tively. If the supportive suburethral layer is lax or movable, 
compression is not as effective. Intrinsic sphincter dysfunction 
denotes an intrinsic malfunction of the urethral a misnomer, 
because many believe that the drop in urethral pressure repre-
sents simply the urethral component of a normal voiding refl ex 
in an individual whose bladder does not measurably contract 
because of myogenic or neurogenic reasons.

In theory, categories of outlet-related incontinence in the 
male are similar to those in the female. In reality, there is little 
information regarding the topic of urethral instability in the 
male. Sphincteric incontinence in the male is not associated with 
hypermobility of the bladder neck and proximal urethra but is 
rather more similar to what is called intrinsic sphincter dysfunc-
tion in the female.

The treatment of fi lling and storage abnormalities is directed 
toward inhibiting bladder contractility, decreasing sensory input, 
or mechanically increasing bladder capacity and toward increas-
ing outlet resistance, continuously or only during increases in 
intra-abdominal pressure.

Absolute or relative failure to empty the bladder results from 
decreased bladder contractility (i.e., decrease in magnitude or 
duration) or increased outlet resistance, or both. Absolute or 
relative failure of bladder contractility may result from tempo-
rary or permanent alteration in one of the neuromuscular mech-
anisms necessary for initiating and maintaining a normal detrusor 
contraction. Inhibition of the voiding refl ex in a neurologically 
normal individual may also occur; it may be inhibited by a refl ex 
mechanism resulting from painful stimuli, especially from the 
pelvic and perineal areas, or it may be psychogenic. Non-
neurogenic causes include impairment of bladder smooth muscle 
function, which may result from overdistention, various drugs, 
severe infection, or fi brosis.

Pathologically, decrease outlet resistance is the result of change 
to the sphincter mechanism itself. In its most overt form, it is 
characterized by a bladder neck that is open at rest and at a low 
Valsalva leak point pressure and urethral closure pressure, and it 
is usually the result of prior surgery, trauma with scarring, or a 
neurologic lesion.

Urethral instability refers to the rare phenomenon of episodic 
decreases in outlet pressure unrelated to increases in bladder or 
abdominal pressure. The term urethral instability is probably more 
common in men than in women. Although it is most often caused 
by anatomic obstruction, it may result from a failure of relaxation 
or active contraction of the striated or smooth sphincter during 

bladder contraction. Striated sphincter dyssynergia is a common 
cause of functional or nonanatomic (as opposed to fi xed anatomic) 
obstruction in patients with neurologic disease or injury.

The treatment of emptying failure consists of attempts to 
increase intravesical pressure or facilitate the micturition refl ex 
or to decrease outlet resistance, or both. If other means fail or are 
impractical, intermittent catheterization is an effective way to 
circumvent emptying failure.

CATEGORIZATION OF VOIDING DYSFUNCTIONS

Based on the data obtained from the neurourologic evaluation, 
a given voiding dysfunction can be categorized by an ever-
increasing number of descriptive systems. The purpose of any 
classifi cation system should be to facilitate understanding and 
management and to avoid confusion among those who are con-
cerned with the problem for which the system was designed. A 
good classifi cation should serve as intellectual shorthand and 
should convey in a few key words or phrases the essence of a 
clinical situation. An ideal system for all types of voiding dysfunc-
tion would include or imply several factors: the conclusions 
reached from urodynamic testing, expected clinical symptoms, 
and approximate site and type of a neurologic lesion or a lack of 
one. If the various categories accurately portray pathophysiology, 
the treatment options should be evident. Most systems of classi-
fi cation for voiding dysfunction were formulated primarily to 
describe dysfunction caused by neurologic disease or injury. The 
ideal system should be applicable to all types of voiding dysfunc-
tion. No one system is perfect. Most major systems or types of 
systems in use are reviewed, along with their advantages, disad-
vantages, and applicability. Understanding the rationale and 
shortcomings of each system signifi cantly improves the urolo-
gist’s knowledge of voiding function and dysfunction.

Bors-Comarr Classifi cation

Bors and Comarr19 made a remarkable contribution by logically 
deducing a classifi cation system from clinical observation of their 
patients with traumatic spinal cord injury (Box 13-3). This system 
applies only to patients with neurologic dysfunction and consid-
ers three factors: anatomic localization of the lesion, neurologic 
completeness or incompleteness of the lesion, and whether lower 
urinary tract function is balanced or unbalanced. The latter terms 
are based solely on the percentage of residual urine relative to 
bladder capacity. Unbalanced signifi es the presence of more than 
20% residual urine in a patient with an upper motor neuron 
(UMN) lesion or 10% in a patient with a lower motor neuron 
(LMN) lesion. This relative residual urine volume was ideally 
meant to imply coordination (i.e., synergy) or dyssynergia 
between the smooth and the striated sphincters of the outlet and 
the bladder during bladder contraction or during attempted mic-
turition by abdominal straining or the Credé maneuver. Deter-
mination of the completeness of the lesion is made on the basis 
of a thorough neurologic examination.

The system erroneously assumes that the sacral spinal cord is 
the primary refl ex center for micturition. LMN implies collec-
tively the preganglionic and postganglionic parasympathetic 
autonomic fi bers that innervate the bladder and outlet and origi-
nate as preganglionic fi bers in the sacral spinal cord. The term is 
used in an analogy to efferent somatic nerve fi bers, such as those 
of the pudendal nerve, which originate in the same sacral cord 
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segment but terminate directly on pelvic fl oor striated muscula-
ture without the interposition of ganglia. UMN is used in a 
similar analogy to the somatic nervous system to describe the 
descending autonomic pathways above the sacral spinal cord, the 
origin of the motor efferent supply to the bladder.

In this system, UMN bladder refers to the pattern of micturi-
tion that results from an injury to the suprasacral spinal cord 
after the period of spinal shock has passed, assuming that the 
sacral spinal cord and the sacral nerve roots are intact and that 
the pelvic and pudendal nerve refl exes are intact. LMN bladder 
refers to the pattern resulting if the sacral spinal cord or sacral 
roots are damaged and the refl ex pattern through the autonomic 
and somatic nerves that emanate from these segments is absent. 
This system implies that if skeletal muscle spasticity exists below 
the level of the lesion, the lesion is above the sacral spinal cord 
and is by defi nition a UMN lesion. This type of lesion is charac-
terized by involuntary bladder contraction during fi lling. If fl ac-
cidity of the skeletal musculature below the level of a lesion exists, 
an LMN lesion is assumed to be present, implying detrusor are-
fl exia. Exceptions occur and are classifi ed in a mixed lesion group 
characterized by involuntary bladder contraction with a fl accid 
paralysis below the level of the lesion or by detrusor arefl exia with 
spasticity or normal skeletal muscle tone neurologically below 
the lesion level.

The use of this system is illustrated as follows. A UMN lesion, 
complete, imbalanced, implies a neurologically complete lesion 
above the level of the sacral spinal cord that results in skeletal 
muscle spasticity below the level of the injury. Involuntary 
bladder contraction occurs during fi lling, but a residual urine 
volume of more than 20% of the bladder capacity is left after 
bladder contraction, implying obstruction in the area of the 
bladder outlet during the involuntary detrusor contraction. This 

obstruction usually is caused by striated sphincter dyssynergia, 
typically occurring in patients who are paraplegic and quadriple-
gic with lesions between the cervical and the sacral spinal cord. 
Smooth sphincter dyssynergia also may be seen in patients with 
lesions above the level of T6, usually in association with auto-
nomic hyperrefl exia. An LMN lesion, complete, imbalanced, 
implies a neurologically complete lesion at the level of the sacral 
spinal cord or of the sacral roots, resulting in skeletal muscle 
fl accidity below that level. Detrusor arefl exia results, and what-
ever measures the patient may use to increase intravesical pres-
sure during attempted voiding are not suffi cient to decrease 
residual urine to less than 10% of bladder capacity.

This classifi cation system is best applied to spinal cord injury 
patients with complete neurologic lesions after spinal shock has 
passed. It is diffi cult to apply to patients with multicentric neu-
rologic disease and cannot be used for patients with non-
neurologic disease. The system fails to reconcile the clinical and 
urodynamic variability exhibited by patients who, by neurologic 
examination alone, seem to have similar lesions. The period of 
spinal shock that immediately follows severe cord injury usually 
is associated with bladder arefl exia, whatever the status of the 
sacral somatic refl exes. Temporary or permanent changes in 
bladder or outlet activity during fi lling and storage or voiding 
may because by several factors, such as chronic overdistention, 
infection, and reinnervation or reorganization of neural path-
ways after injury or disease; such changes make it impossible to 
always accurately predict lower urinary tract activity solely on the 
basis of the level of the neurologic lesion. Although the terms 
balanced and imbalanced are helpful because they describe the 
presence or absence of a certain relative percentage of residual 
urine, they do not necessarily imply the true functional signifi -
cance of a lesion, which depends on the potential for damage to 
the lower or upper urinary tracts and on the social and vocational 
disability that results.

Hald-Bradley Classifi cation

Hald and Bradley20 described what they called a simple neuroto-
pographic classifi cation (Box 13-4). A supraspinal lesion is char-
acterized by synergy between detrusor contraction and the 
smooth and striated sphincters, but defective inhibition of the 
voiding refl ex exists. Involuntary bladder contraction typically 
occurs, and sensation is usually preserved. However, depending 
on the site of the lesion, detrusor arefl exia and defective sensation 
may occur. A suprasacral spinal lesion is roughly equivalent to 
what is described as a UMN lesion in the Bors-Comarr classifi ca-
tion. An infrasacral lesion is roughly equivalent to an LMN lesion. 
Peripheral autonomic neuropathy is most frequently encoun-
tered in the diabetic patient and is characterized by defi cient 
bladder sensation, gradually increasing residual urine volumes, 

Sensory Neuron Lesion
Incomplete, balanced
Complete, balanced

Motor Neuron Lesion
Balanced
Imbalanced

Sensory-Motor Neuron Lesion
Upper motor neuron lesion
 Complete, balanced
 Complete, imbalanced
 Incomplete, balanced
 Incomplete, imbalanced
Lower motor neuron lesion
 Complete, balanced
 Complete, imbalanced
 Incomplete, balanced
 Incomplete, imbalanced
Mixed lesion
 Upper somatomotor neuron, lower visceromotor neuron
 Lower somatomotor neuron, upper visceromotor neuron
  Normal somatomotor neuron, lower visceromotor 

 neuron

Box 13-3 Bors-Comarr Classifi cation

From Bors E, Comarr AE: Neurological Urology. Baltimore, University Park Press, 
1971.

Suprasacral lesion
Suprasacral spinal lesion
Infrasacral lesion
Peripheral autonomic neuropathy
Muscular lesion

Box 13-4 Hald-Bradley Classifi cation

From Hald T, Bradley WE: The Urinary Bladder: Neurology and Dynamics. 
Baltimore, Williams & Wilkins, 1982.
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and ultimate decompensation, with loss of detrusor contractility. 
A muscular lesion can involve the detrusor itself, the smooth 
sphincter, or any portion or all of the striated sphincter. The 
resultant dysfunction depends on which structure is affected. 
Detrusor dysfunction is the most common, and it usually results 
from decompensation after long-standing bladder outlet 
obstruction.

Bradley Classifi cation

Bradley’s “loop system” of classifi cation is a primarily neurologic 
system based on his conceptualization of central nervous system 
control of the lower urinary tract that identifi es four neurologic 
loops.20 Dysfunctions are classifi ed according to the loop 
affected.

Loop 1 consists of neuronal connections between the cerebral 
cortex and the pontine-mesencephalic micturition center, which 
coordinate voluntary control of the detrusor refl ex. Loop 1 
lesions are seen in conditions such as brain tumor, cerebrovas-
cular accident or disease, and cerebral atrophy with dementia. 
The fi nal result is characteristically involuntary bladder 
contraction.

Loop 2 includes the intraspinal pathway of detrusor muscle 
afferents to the brainstem micturition center and the motor 
impulses from this center to the sacral spinal cord. Loop 2 is 
thought to coordinate and provide a detrusor refl ex of adequate 
temporal duration to allow complete voiding. Partial interrup-
tion by spinal cord injury results in a detrusor refl ex of low 
threshold and in poor emptying with residual urine. Spinal cord 
transection of loop 2 acutely produces detrusor arefl exia and 
urinary retention (i.e., spinal shock). After this has passed, invol-
untary bladder contraction results.

Loop 3 consists of the peripheral detrusor afferent axons and 
their pathways in the spinal cord; these terminate by synapsing 
on pudendal motor neurons that ultimately innervate periure-
thral striated muscle. Loop 3 was thought to provide a neurologic 
substrate for coordinated reciprocal action of the bladder and 
striated sphincter. Loop 3 dysfunction could be responsible for 
detrusor–striated sphincter dyssynergia or involuntary sphincter 
relaxation.

Loop 4 consists of two components. Loop 4A is the suprasacral 
afferent and efferent innervation of the pudendal motor neurons 
to the periurethral striated musculature. Loop 4B consists of 
afferent fi bers from the periurethral striated musculature that 
synapse on pudendal motor neurons in Onuf’s nucleus—the seg-
mental innervation of the periurethral striated muscle. In con-
trast to the stimulation of detrusor afferent fi bers, which produce 
inhibitory postsynaptic potentials in pudendal motor neurons 
through loop 3, pudendal nerve afferents produce excitatory 
postsynaptic potentials in the motor neurons through loop 4B. 
They enable contraction of the periurethral striated muscle 
during bladder fi lling and urine storage. The related sensory 
impulses arise from muscle spindles and tendon organs in the 
pelvic fl oor musculature. Loop 4 provides volitional control of 
the striated sphincter. Abnormalities of the suprasacral portion 
result in abnormal responses of the pudendal motor neurons to 
bladder fi lling and emptying, manifested as detrusor-striated 
sphincter dyssynergia or loss of the ability to voluntarily contract 
the striated sphincter.

The Bradley system is sophisticated and refl ects the ingenuity 
and neurophysiologic expertise of its originator, himself a neu-
rologist. For neurologists, this method may be an excellent way 

to conceptualize the neurophysiology involved, assuming that 
there is agreement on the existence and signifi cance of all four 
loops. Most urologists fi nd this system diffi cult to use for many 
types of neurogenic voiding dysfunction and not at all applicable 
to non-neurogenic voiding dysfunction. Urodynamically, it may 
be extremely diffi cult to test the intactness of each loop system, 
and multicentric and partial lesions are diffi cult to describe.

Lapides Classifi cation

Lapides21 contributed signifi cantly to the classifi cation and care 
of the patient with neuropathic voiding dysfunction by slightly 
modifying and popularizing a system originally proposed by 
McLellan in 1939 (Box 13-5).22

Lapides’ classifi cation differs from that of McLellan in only 
one respect: the division of the group of “atonic neurogenic 
bladder” into sensory neurogenic and motor neurogenic bladder. 
This remains one of the most familiar systems to urologists and 
nonurologists because it describes in recognizable shorthand the 
clinical and cystometric conditions of many types of neurogenic 
voiding dysfunction.

A sensory neurogenic bladder results from disease that selec-
tively interrupts the sensory fi bers between the bladder and the 
spinal cord or the afferent tracts to the brain. Diabetes mellitus, 
tabes dorsalis, and pernicious anemia are most commonly 
responsible. The fi rst clinical changes are described as those of 
impaired sensation of bladder distention. Unless voiding is initi-
ated on a timed basis, various degrees of bladder overdistention 
can result, producing hypotonicity. If bladder decompensation 
occurs, signifi cant amounts of residual urine are found, and at 
this point, the cystometric curve usually demonstrates a large-
capacity bladder with a fl at, high-compliance, low-pressure fi lling 
curve.

A motor paralytic bladder results from disease processes that 
destroy the parasympathetic motor innervation of the bladder. 
Extensive pelvic surgery or trauma may produce this. Herpes 
zoster has been listed as a cause, but evidence suggests that the 
voiding dysfunction seen with herpes infection is more related to 
a problem with afferent pathways. The early symptoms of a 
motor paralytic bladder vary from painful urinary retention to 
only a relative inability to initiate and maintain normal micturi-
tion. Early cystometric fi lling is normal but without a voluntary 
bladder contraction at capacity. Chronic overdistention and 
decompensation may occur, resulting in a large-capacity bladder 
with a fl at, low-pressure fi lling curve; a large residual urine 
volume may result.

An uninhibited neurogenic bladder was described originally 
as resulting from injury to or disease of the “corticoregulatory 
tract.” The sacral spinal cord was presumed to be the micturition 
refl ex center, and this corticoregulatory tract was believed to 

Sensory neurogenic bladder
Motor paralytic bladder (i.e., motor neurogenic bladder)
Uninhibited neurogenic bladder
Refl ex neurogenic bladder
Autonomous neurogenic bladder

Box 13-5 Lapides Classifi cation

From McLellan FC: The Neurogenic Bladder. Springfi eld, IL, Charles C Thomas, 
1939, pp 116-185.
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normally exert an inhibitory infl uence on the sacral micturition 
refl ex center. A destructive lesion in this tract would then result 
in overfacilitation of the micturition refl ex. Cerebrovascular 
accident, brain or spinal cord tumor, Parkinson’s disease, and 
demyelinating disease were listed as the most common causes 
in this category. The voiding dysfunction is most often charac-
terized symptomatically by frequency, urgency, and urge in-
continence, and it is urodynamically characterized by normal 
sensation with involuntary contraction at low fi lling volumes. 
The residual urine volume typically is low unless anatomic outlet 
obstruction or true smooth or striated sphincter dyssynergia 
occurs. The patient usually can initiate a bladder contraction 
voluntarily but is often unable to do so during cystometry because 
suffi cient urine storage cannot occur before involuntary contrac-
tion is stimulated.

Refl ex neurogenic bladder describes the post-spinal shock 
condition that exists after complete interruption of the sensory 
and motor pathways between the sacral spinal cord and the brain 
stem. Most commonly, this occurs in traumatic spinal cord injury 
and transverse myelitis, but it may occur with extensive demye-
linating disease or any process that produces signifi cant spinal 
cord destruction. Typically, there is no bladder sensation, and 
there is an inability to initiate voluntary micturition. Inconti-
nence without sensation generally results because of low-volume 
involuntary contraction. Striated sphincter dyssynergia is the 
rule. This type of lesion is essentially equivalent to a complete 
UMN lesion in the Bors-Comarr system.

An autonomous neurogenic bladder results from complete 
motor and sensory separation of the bladder from the sacral 
spinal cord. This may be caused by any disease that destroys the 
sacral cord or causes extensive damage to the sacral roots or 
pelvic nerves. There is an inability to voluntarily initiate micturi-
tion, no bladder refl ex activity, and no specifi c bladder sensation. 
This type of bladder is equivalent to a complete LMN lesion in 
the Bors-Comarr system and is the type of dysfunction seen in 
patients with spinal shock. The characteristic cystometric pattern 
is initially similar to the late stages of the motor or sensory para-
lytic bladder, with a marked shift to the right of the cystometric 
fi lling curve and a large bladder capacity at low intravesical pres-
sure. However, decreased compliance may develop from chronic 
infl ammatory changes or the effects of denervation and central-
ization with secondary neuromorphologic and neuropharmaco-
logic reorganizational changes. Emptying capacity may vary 
widely, depending on the ability of the patient to increase intra-
vesical pressure and on the resistance offered during this increase 
by the smooth and striated sphincters.

These classic categories in their usual settings are generally 
easily understood and remembered, which is why this system 
provides an excellent framework for teaching some fundamentals 
of neurogenic voiding dysfunction to students and nonurolo-
gists. Unfortunately, many patients do not exactly fi t into a 
Lapides category. Gradations of sensory, motor, and mixed 
lesions occur, and the patterns produced after different types of 
peripheral denervation or defunctionalization may vary widely 
from those that are classically described. The system is applicable 
only to neuropathic dysfunction.

Urodynamic Classifi cation

As urodynamic techniques have become more accepted and 
sophisticated, systems of classifi cation have evolved based solely 
on objective urodynamic data (Box 13-6). Among the fi rst to 

popularize this concept were Krane and Siroky.23 When exact 
urodynamic classifi cation is possible, this system provides a 
precise description of the voiding dysfunction that occurs. If a 
normal or hyperrefl exic detrusor exists with coordinated smooth 
and striated sphincter function and without anatomic obstruc-
tion, normal bladder emptying should occur.

Detrusor hyperrefl exia is most commonly associated with 
neurologic lesions above the sacral spinal cord. Striated sphincter 
dyssynergia is most commonly seen after complete suprasacral 
spinal cord injury following the period of spinal shock. Smooth 
sphincter dyssynergia is seen most classically in autonomic dys-
refl exia, when it is characteristically associated with detrusor 
hyperrefl exia and striated sphincter dyssynergia.

Detrusor arefl exia may result from bladder muscle decom-
pensation or other conditions that produce inhibition at the 
level of the brainstem micturition center, the sacral spinal cord, 
bladder ganglia, or bladder smooth muscle. Patients with a 
voiding dysfunction caused by detrusor arefl exia usually 
attempt bladder emptying by abdominal straining, and their con-
tinence status and the effi ciency of their emptying efforts are 
determined by the status of their smooth and striated sphincter 
mechanisms.

This classifi cation system is easiest to use when detrusor 
hyperrefl exia or normorefl exia exists. A typical T10-level para-
plegic patient after spinal shock exhibits detrusor hyperrefl exia, 
smooth sphincter synergia, and striated sphincter dyssynergia. 
When a voluntary or a hyperrefl exic contraction cannot be elic-
ited, the system is more diffi cult to use, because it is not appropri-
ate to speak of true sphincter dyssynergia in the absence of an 
opposing bladder contraction. There are many variations and 
extensions of such a system. These systems work well when total 
urodynamic agreement exists among classifi ers. Unfortunately, 
many voiding dysfunctions do not fi t neatly into a urodynamic 
classifi cation system that is agreed on by all experts. As sophisti-
cated urodynamic technology and understanding improve, this 
type of classifi cation system may supplant some others in general 
use.

International Continence Society Classifi cation

The classifi cation system proposed by the International Conti-
nence Society (ICS) is in essence an extension of a urodynamic 
classifi cation system. The storage and voiding phases of micturi-
tion are described separately, and within each, various designa-
tions are applied to describe bladder and urethral function.24

Detrusor hyperrefl exia (or normorefl exia)
 Coordinated sphincters
 Striated sphincter dyssynergia
 Smooth sphincter dyssynergia
 Nonrelaxing smooth sphincter
Detrusor arefl exia
 Coordinated sphincters
 Nonrelaxing striated sphincter
 Denervated striated sphincter
 Nonrelaxing smooth sphincter

Box 13-6 Urodynamic Classifi cation

From Krane RJ, Siroky MB: Classifi cation of voiding dysfunction: Value of 
classifi cation systems. In Barrett DM, Wein AJ (eds): Controversies in Neuro-Urology. 
New York, Churchill Livingstone, 1984, pp 223-23.
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Normal detrusor function during fi lling and storage implies 
no signifi cant increases in detrusor pressure with fi lling . Detrusor 
overactivity is the urodynamic observation of involuntary detru-
sor contractions during the fi lling phase that may be spontaneous 
or provoked. If caused by a neurologic disease, the term neuro-
genic detrusor overactivity (which replaces detrusor hyperrefl exia) 
is used; if there is no defi ned cause, the term idiopathic detrusor 
overactivity (which replaces detrusor instability) is applied. 
Bladder sensation can be categorized only in qualitative terms as 
indicated. Bladder capacity and compliance (Δ volume/Δ pres-
sure) are cystometric measurements. Normal urethral function 
during fi lling and storage indicates a positive urethral closure 
pressure (i.e., urethral pressure minus bladder pressure) even 
with increases in intra-abdominal pressure. Incompetent ure-
thral function during fi lling or storage implies urine leakage in 
the absence of a detrusor contraction. This may be caused by 
genuine stress incontinence, intrinsic sphincter dysfunction, or 
an involuntary decrease in urethral pressure in the absence of a 
detrusor contraction.

During the voiding phase of micturition, normal detrusor 
activity implies voiding by a voluntarily initiated sustained con-
traction that also can be suppressed voluntarily. Detrusor under-
activity defi nes a contraction of inadequate magnitude or 
duration to empty the bladder within a normal time span. An 
acontractile detrusor is one that cannot be demonstrated to con-
tract during urodynamic testing. Normal urethral function 
during voiding indicates a urethra that opens and is continually 
relaxed to allow bladder emptying at normal pressures. An 
obstructed urethra is one that contracts against a detrusor con-
traction or fails to open (nonrelaxation) with attempted micturi-
tion. Contraction may result from smooth or striated sphincter 
dyssynergia. Detrusor-sphincter dyssynergia, the occurrence of an 
involuntary contraction of the urethral or periurethral striated 
muscle with a detrusor contraction, is a term that should be 
applied only when neurologic disease is present. A similar syn-
drome but without neurologic disease is called dysfunctional 
voiding. Nonrelaxing urethral sphincter occurs in individuals with 
a neurologic lesion who have reduced urine fl ow because of a 
nonrelaxing, obstructing urethra. Bladder outlet obstruction is 
defi ned as an increased detrusor pressure and low urine fl ow rate 
due to obstruction during voiding. This is a generic term that has 
been poorly defi ned in women and children.

Voiding dysfunction in a classic T10-level paraplegic patient 
after spinal shock has passed is classifi ed as follows:

1. Storage phase: neurogenic detrusor overactivity, absent 
sensation, low capacity, normal compliance, and normal 
urethral closure function

2. Voiding phase: overactive obstructive urethral function 
and normal (?) detrusor activity (i.e., hyperrefl exic)

The voiding dysfunction of a stroke patient with urgency 
incontinence would most likely be classifi ed during storage as 
neurogenic detrusor overactivity, normal sensation, low capacity, 
normal compliance, and normal urethral closure function. 
During voiding, the dysfunction would be classifi ed as normal 
detrusor activity and normal urethral function, assuming that no 
anatomic obstruction existed.

Functional System of Classifi cation

Classifi cation of voiding dysfunction can be formulated on a 
simple functional basis, describing the dysfunction in terms of 

whether the defi cit produced is primarily one of the fi ling 
and storage phase or the voiding phase of micturition (see 
Box 13-1).1,16 The system was proposed initially by Quesada and 
associates.25 This type of system is an excellent alternative when 
a particular dysfunction does not readily lend itself to a generally 
agreed on classifi cation elsewhere. This simple scheme assumes 
only that, whatever their differences, all experts would agree on 
the two-phase concept of micturition (i.e., fi lling with storage 
and voiding) and on simple overall mechanisms underlying the 
normality of each phase (discussed earlier).

Storage failure results because of bladder or outlet abnor-
malities or a combination. The bladder abnormalities include 
involuntary bladder contractions, low compliance, and hyper-
sensitivity. The outlet abnormalities can include an intermittent 
or continuous decrease in outlet resistance.

Emptying failure can occur because of bladder or outlet 
abnormalities or a combination. The bladder abnormalities 
include inadequate or unsustained bladder contractility, and the 
outlet problems include anatomic obstruction and sphincter 
dyssynergia.

Failure in either category usually is not absolute, but more 
often relative. This functional system can easily be expanded to 
include etiologic or specifi c urodynamic connotations (see Box 
13-2). However, the simplifi ed system is workable and avoids 
argument about complex situations in which the exact cause or 
urodynamic mechanism for a voiding dysfunction cannot be 
agreed on.

Proper use of the functional system for a given voiding dys-
function requires a reasonably accurate notion of what the uro-
dynamic data show. However, an exact diagnosis is not required 
for treatment. Some patients do not have only a discrete storage 
or emptying failure, and the existence of combination defi cits 
must be recognized to properly use this system of classifi cation. 
For instance, the classic T10-level paraplegic patient after spinal 
shock typically exhibits a relative failure to store urine because of 
involuntary bladder contractions and a relative failure to empty 
the bladder because of striated sphincter dyssynergia. With such 
a combination defi cit, to use this classifi cation system as a guide 
to treatment, the physician must assume that one of the defi cits 
is primary and that signifi cant improvement will result from its 
treatment alone or that the voiding dysfunction can be converted 
primarily to a disorder of storage or emptying by means of non-
surgical or surgical therapy. The resultant defi cit can then be 
treated or circumvented.

Using the same example, the combined defi cit in a T10-level 
paraplegic patient can be converted primarily to a storage failure 
by procedures directed at the dyssynergic striated sphincter; the 
resultant incontinence (caused by involuntary contraction) can 
be circumvented (in a male) with an external collecting device. 
Alternatively, the defi cit can be converted primarily to an empty-
ing failure by pharmacologic or surgical measures designed to 
abolish or reduce the involuntary contraction, and the resultant 
emptying failure can then be circumvented with clean intermit-
tent catheterization. Other examples of combination defi cits 
include impaired bladder contractility with sphincter dysfunc-
tion, bladder outlet obstruction with detrusor overactivity, 
bladder outlet obstruction with sphincter malfunction, and 
detrusor overactivity with impaired contractility.

One of the advantages of this functional classifi cation is that 
it allows the clinician the liberty of using the system to suit his 
or her preferences without an alteration in the basic concept of 
keeping it simple but accurate and informative. For instance, the 
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physician can substitute the terms overactive or oversensitive 
bladder and outlet insuffi ciency for because of the bladder and 
because of the outlet under “Failure to Store” in Box 13-1. A 
urologist can further categorize the bladder reasons for overac-
tivity (see Box 13-2) in terms of neurogenic, myogenic, or ana-
tomic causes and further subcategorize neurogenic in terms of 
decreased inhibitory control, increased afferent activity, increased 
sensitivity to efferent activity, and so on. The system is fl exible.

THE OVERACTIVE BLADDER: DEFINITIONS

There is some confusion about and misuse of the terms overactive 
detrusor and overactive bladder. The term overactive detrusor func-
tion, commonly shortened to overactive detrusor, is a term that 
was originated and defi ned by the ICS to describe a urodynamic 
fi nding of involuntary detrusor contractions during fi lling. The 
term overactive bladder is frequently substituted for overactive 
detrusor, even though this is not a part of the ICS lexicon. Overac-
tive bladder can be defi ned in terms of urodynamic fi ndings or 
symptoms. The urodynamic defi nition of overactive bladder 
approximates that of the ICS term overactive detrusor or overac-
tive detrusor function.

Using a strict urodynamic defi nition has limitations.26,27 On a 
worldwide basis, it is impossible, impractical, and unnecessary 
for all patients with symptoms compatible with overactive detru-
sor function (e.g., urgency, frequency, incontinence due to invol-
untary bladder contraction) to be initially evaluated and treated 
by the type of specialist capable of performing and interpreting 

urodynamic studies. However, with the current urodynamic-
based defi nition, these specialists are the only ones capable of 
making this exact diagnosis. Critics of a solely urodynamic-based 
defi nition also point out that the demonstration of involuntary 
contraction during urodynamic studies varies with the type of 
study done. Most individuals who have symptoms of overactive 
detrusor function but who fail to demonstrate intraventricular 
contraction on conventional urodynamic studies will do so on 
repeated or more complex urodynamic studies.28 A substantial 
portion of individuals who, by symptoms and bother index, do 
not have characteristics of overactive detrusor function do exhibit 
involuntary bladder contractions on urodynamic studies (38% to 
69% of normal asymptomatic patients).29,30 Many believe that 
overactive bladder also should be defi ned by symptoms.31,32

We have suggested that the overactive bladder is a medical 
condition referring to the symptoms of frequency and urgency, 
with or without urge or refl ex incontinence, when appearing in 
the absence of local pathologic or metabolic factors that would 
account for these symptoms. Incontinence is not a necessary 
condition for diagnosis, because roughly two thirds of the people 
with overactive bladder do not have incontinence. Nevertheless, 
there is a profound impairment in their quality of life because of 
urge and frequency symptoms. These local or metabolic factors 
may include urinary tract infection, malignant or premalignant 
conditions of the bladder, calculi, interstitial cystitis, diabetes, 
polydipsia, diuretics, and pregnancy. The urodynamic defi nition 
of overactive bladder would then describe the demonstration of 
involuntary bladder contraction causing symptoms or signs of 
frequency and urgency.
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Chapter 14

VOIDING DYSFUNCTION AND 
NEUROLOGIC DISORDERS
Gary E. Lemack

Perhaps more than any other situation facing physicians who 
care for patients with bladder dysfunction, care of the neurologic 
patient requires a thorough initial investigation, frequently with 
upper and lower urinary tract evaluations in addition to periodic 
assessments to minimize the urologic morbidity often associated 
with these conditions. Development and refi nement of urody-
namic techniques to assess bladder function in patients with neu-
rogenic voiding dysfunction have enhanced our understanding 
of their condition and improved our ability to identify when 
these patients require more intense monitoring and intervention. 
As new treatment strategies for these conditions have surfaced 
and as patients at risk for morbidity associated with neurogenic 
voiding dysfunction are recognized more promptly, the likeli-
hood of fi nding advanced urologic dysfunction at the time of 
initial presentation is gradually decreasing. This chapter focuses 
on evaluation of patients with neurogenic voiding dysfunction 
and discusses specifi c aspects of some of the more common 
subgroups.

EVALUATION OF THE NEUROLOGIC PATIENT

Neurologic History

Establishing the onset of bladder and systemic symptoms in 
patients with progressive neurologic conditions (which often 
predate the diagnosis) and documenting recent changes in 
symptom severity are essential, because this information usually 
infl uences treatment recommendations. Disease duration has 
been correlated with the development of urinary symptoms, par-
ticularly in patients with multiple sclerosis or Parkinson’s disease.1 
Even those with presumably fi xed neurologic conditions (e.g., 
spinal cord injury, myelomeningocele) may have insidious but 
progressive symptomatic deterioration (e.g., from development 
of a syrinx or tethered cord), and therefore any recent changes 
in sensory or motor function should be directly assessed.

Patients with movement disorders should be carefully ques-
tioned about the onset of their neurologic symptoms compared 
with their urinary symptoms, because those with more pro-
gressive syndromes, such as multiple systems atrophy, often 
develop autonomic disturbances such as bladder and erectile 
dysfunction early during the course of their illness. Every attempt 
should be made to identify these patients because their overall 
response to surgical urologic interventions is poor.2 The Hoehn 
and Yahr stage should be documented in patients with 
Parkinson’s disease. This staging information can be useful 
in predicting the severity of bladder dysfunction and prospects 
for further deterioration.3

Patients with multiple sclerosis should be queried about the 
timing of the onset of symptoms and about recent exacerbations, 

because such exacerbations frequently are initiated by urologic 
events.4 Patients should be specifi cally questioned about the devel-
opment of lower extremity motor dysfunction, because there is a 
strong correlation between pyramidal symptoms, such as weakness 
and spasticity, and bladder dysfunction in patients with multiple 
sclerosis.5 Symptoms of urge incontinence, urgency, and nocturia 
are strongly correlated with severe pyramidal dysfunction as 
measured by Kurtzke scores.6 Inquiring about the classifi cation 
of their condition (e.g., relapsing remitting, primary progressive, 
secondary progressive) and the timing and fi ndings of their most 
recent magnetic resonance imaging (MRI) studies may be impor-
tant in planning therapy, particularly when considering surgical 
options, which may require considerable dexterity.

In patients with recent acute events, such as cerebrovascular 
accidents (CVAs), information about the stroke location and 
the recovery since the event is useful because stroke location im-
pacts theprognosis.7 Specifi c questions regarding the presence of 
voiding disturbance and urinary leakage episodes before the 
stroke are required, because the persistence of new-onset urinary 
incontinence after stroke can indicate a poor overall prognosis 
and is a strong indicator of eventual functional dependence in 
patients after stroke.8

Patients with history of back surgery and intervertebral disk 
protrusion should be questioned about the vertebral level of the 
surgery or affected disk and about the presence of ongoing 
sensory defi cit because patients with multiple operations or 
advanced disk prolapse may be at higher risk for voiding distur-
bances.9 Patients should also be evaluated for a diagnosis of 
cervical myelopathy, because these patients frequently have 
symptomatic bladder dysfunction that may be independent of 
the severity of other symptoms associated with this condition, 
such as spacticity.10

Current treatments should be documented, with particular 
attention to medications. Medications with properties that can 
affect the bladder outlet (typically those with α-agonist or α-
antagonist properties) or detrusor contractility (typically those 
with anticholinergic properties) should be recorded, along with 
the use of narcotics and skeletal muscle relaxants. Diuretic use 
should also be documented. Altering the timing of diuretic intake 
may affect the severity of nocturia. Patients on diuretics and those 
with a history of congestive heart failure probably are not suitable 
candidates for treatment with vasopressin for nocturia and 
nocturnal enuresis.

Physical Examination

General Observations
Although most patients with neurologic impairment are followed 
elsewhere for the primary condition, certain aspects of the physi-
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cal examination are essential to document when evaluating them 
urologically, particularly if surgical intervention is being consid-
ered. Patients should be assessed for ambulatory disturbances at 
the initial visit. The degree of physical dependence of the patient, 
particularly as it relates to the ability to void independently, may 
affect the frequency of leakage episodes. Self-catheterization of 
the urethra may be impossible in patients who are not ambula-
tory, particularly those with severe lower extremity spasticity or 
contractures.

Hand function in patients with cervical spinal cord injury,  
particularly the ability to grasp fi rmly between the thumb and 
index or middle fi nger, must be carefully judged in patients who 
may require intermittent catheterization after treatment. With 
the advent of single-system catheterization techniques, it is not 
mandatory that patients have bilateral hand function, although 
a careful assessment of the patient’s ability to work with such 
products is essential, particularly before considering surgery that 
will require clean intermittent catheterization postoperatively.

An evaluation of the skin, particularly in the gluteal region, 
should be carried out, because localized skin and subcutaneous 
infections and even more severe skin breakdown can occur in 
patients with restricted mobility. These issues need to be addressed 
before major reconstructive procedures are considered. Some 
patients may have intrathecal pumps in place, and their location 
and that of the tubing should be assessed before surgical 
endeavors.

Neurologic Examination
A brief neurologic examination is essential when fi rst evaluating 
patients with presumed neurovesical dysfunction. Mental status 
should be assessed because signifi cant cognitive dysfunction and 
memory disturbances have been independently associated with 
abnormal voiding function. An appreciation of past and current 
intellectual capacity may provide insight into the progression of 
lower urinary tract disorders and thereby guide the degree of 
complexity of treatment strategies. Motor strength and sensory 
level should be determined because distribution of motor and 
sensory disturbances can often predict lower urinary tract dys-
function, particularly in patients with multiple sclerosis.5

Cutaneous and motor refl exes require a thorough evaluation 
at the time of the initial encounter. The bulbocavernosus refl ex, 
which is elicited by gently squeezing the glans penis in men or 
gentle compression of the clitoris against the pubis in women and 
simultaneously feeling for an anal sphincter contraction (by 
placing a fi nger in the rectum), assesses the integrity of the S2-S4 
refl ex arc. The anal refl ex, which assesses integrity of S2 to S5, 
can be checked by applying a pinprick to the mucocutaneous 
junction of the anus and evaluating for anal sphincter contrac-
tion. The cremasteric refl ex may be somewhat less reliable, but it 
assesses sensory dermatomes supplied by L1 to L2.

Muscle motor refl exes should be routinely evaluated. The 
most common of these are the biceps refl ex (assesses C5 to C6), 
patellar refl ex (L2 to L4), and Achilles (ankle) refl ex (L5 to S2). 
Evidence of an upper motor neurologic injury includes spasticity 
of the involved skeletal muscle, heightened response to refl ex 
testing, and an upgoing toe on gentle stroking of the plantar 
surface of the foot (i.e., positive Babinski’s sign).

Other Testing

A thorough investigation for upper tract abnormalities (imaging) 
and lower urinary tract dysfunction (video urodynamic testing) 

is mandatory when fi rst evaluating patients with neurogenic 
voiding dysfunction and at periodic intervals thereafter. The fre-
quency of testing is not readily agreed on, although many experts 
recommend annual upper tract evaluation (nuclear renal scan or  
renal ultrasound) and at least biannual urodynamic testing in 
high-risk patients (e.g., traumatic spinal cord injury).11 Others 
have advocated less frequent evaluations in stable patients.12 
Regardless of the frequency of evaluations, the most important 
aspect of testing is to identify patients at risk for upper tract 
deterioration and to monitor them closely. Although a descrip-
tion of the technique of urodynamic testing is beyond the scope 
of this chapter, it is clear that in no other situation in urology is 
the importance of properly performed urodynamic testing as 
important as it is when evaluating the patient with neurogenic 
voiding dysfunction.

BLADDER DYSFUNCTION IN SPECIFIC NEUROLOGIC 
CONDITIONS

Traumatic Spinal Cord Injury

Suprasacral Injuries
The classifi cation scheme most commonly used for patients with 
spinal cord injury is that developed by the American Spinal 
Injury Association (ASIA). Using this scheme, the level and com-
pleteness of the injury are assessed by careful examination of the 
affected dermatomes and muscle groups (Table 14-1). Normally, 
at least 3 months must pass from the time of injury to assess the 
patient’s neurologic status, because the spinal shock phase can 
last this long or longer. During this time, spinal refl ex activity 
below the level of the lesion is rendered inactive, resulting in 
transient skeletal muscle paralysis. Smooth muscle activity (i.e., 
detrusor) is similarly depressed, whereas in most situations, the 
bladder neck and external sphincter remain closed, and as a 
result, most patients are in retention or dribbling small amounts 
of urine. Immediate management therefore focuses on bladder 
drainage (i.e., indwelling or clean intermittent catheterization) 
until refl ex bladder activity returns.

After suprasacral injuries, several pathologic bladder refl exes 
occur. In most situations, neurogenic detrusor overactivity 

Table 14-1 American Spinal Injury Association 
Classifi cation of Spinal Cord Injury

Class Description

A Complete: No motor or sensory function is preserved in 
the sacral segments from S4 to S5.

B Incomplete: Sensory but not motor function is 
preserved below the neurologic level and includes 
the sacral segments from S4 to S5.

C Incomplete: Motor function is preserved below the 
neurological level, and more than one half of key 
muscles below the neurologic level have a muscle 
grade less than 3.

D Incomplete: Motor function is preserved below the 
neurologic level, and at least one half of key muscles 
below the neurologic level have a muscle grade of 3 
or more.

E Normal: Motor and sensory function are normal.
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replaces the fl accid detrusor of the spinal shock phase, resulting 
in a small-capacity, overactive bladder, which cannot be inhibited 
by the patient. With an interruption of the spinobulbospinal 
refl ex, there is loss of coordination between the normal detrusor 
contraction and simultaneous inhibition of the pudendal-
mediated external sphincter contraction. Detrusor–external 
sphincter dyssynergia (DESD) emerges, resulting in a staccato-
type voiding pattern, impaired bladder emptying, and sustained 
increases in intravesical pressure (Fig. 14-1). These sustained ele-
vations in pressure are thought to be responsible for upper tract 
damage in patients with spinal cord lesions.13 In patients with 
lesions above spinal cord level T6-T8, smooth muscle dyssynergia 
of the bladder neck generally occurs in conjunction with DESD 
because of a loss of the normal inhibition provided by supraspinal 
sympathetic activity at the level of the bladder neck.

Afferent fi bers are altered after traumatic spinal cord injury. 
Whereas in the normal micturition refl ex, Aδ afferent fi bers are 
active in bladder sensation, unmyelinated C fi bers appear to 
become active in infl ammatory conditions of the bladder and 
after spinal cord injury. Although the emergence of C fi bers may 
not be essential to the micturition refl ex after a spinal cord injury, 
their presence does contribute to the emergence of overactivity 
and dyssynergia,14 and treatment with agonists of the vanilloid 
receptor (found mainly on unmyelinated C fi bers), such as cap-

saicin and resiniferatoxin, can desensitize (after initially exciting, 
in the case of capsaicin) the receptor and attenuate the clinical 
effects of spinal cord injury on bladder function.15

Any discussion of bladder dysfunction in spinal cord injury 
would not be complete without reference to autonomic dysre-
fl exia, the syndrome of unopposed sympathetic outfl ow normally 
initiated by a visceral disturbance in patients with spinal cord 
injury. Typically, it is seen in patients with spinal cord injury 
above the level of T6 to T8, and it may result in profound hyper-
tension, headache, fl ushing, and sweating. Bradycardia is the 
most likely arrhythmia to be seen, although tachyarrhythmias 
have also been described. The most common stimulus for this 
syndrome is distention of the bladder or rectum, or both, during 
cystoscopy or urodynamic assessment. All patients at risk should 
be hemodynamically monitored during bladder studies, and 
some authorities have advocated the administration of oral nife-
dipine approximately 30 minutes before urologic procedures.16 
Alternatively, sublingual nifedipine can halt an acute episode 
if removing the offending stimulus does result in immediate 
improvement.17

Sacral Injuries
Injuries affecting the sacral spinal cord (usually below the verte-
bral level of T12 to L1) cause a loss of parasympathetic innerva-

Figure 14-1 Detrusor external sphincter dyssynergia in patient with T5 level spinal cord injury.
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tion of the detrusor smooth muscle and resultant arefl exia and 
urinary retention. In most cases, the bladder neck appears to be 
competent, and the external sphincter maintains fi xed tone, 
although volitional control is lacking. There exists some vari-
ability because certain patients have leaks due to sphincteric 
defi ciency, and reduced urethral closure pressures have been 
documented in patients with lower spinal cord lesions.18

Multiple Sclerosis

Although only 2% to 10% of patients with multiple sclerosis 
present with lower urinary tract symptoms (LUTS) as their initial 
complaint, up to 97% eventually develop symptoms during the 
course of their disease. The most common subjective complaints 
include urinary frequency, urgency, and urge-related inconti-
nence. Urinary hesitancy, recurrent urinary tract infections, and 
voiding dysfunction (e.g., straining, incomplete emptying) may 
also typify the symptoms of up to 40% of patients.

Although it is diffi cult to predict who will develop LUTS, it is 
rare to develop the symptoms in the absence of pyramidal dys-
function involving the lower extremities. In a study of 186 patients 

with multiple sclerosis, Betts and colleagues5 found only two 
patients had LUTS in the absence of pyramidal dysfunction 
affecting the legs. There is a strong correlation between the pres-
ence of LUTS and Kurtzke scores for pyramidal dysfunction and 
total disability scores.6

The most common urodynamic fi nding in patients with 
multiple sclerosis is neurogenic detrusor overactivity. In general, 
60% to 90% of patients undergoing urodynamics will be found 
to have neurogenic detrusor overactivity (Fig. 14-2). Symptoms 
of urgency and frequency commonly are associated with the 
fi nding of detrusor overactivity, accompanied by urge incon-
tinence if high-grade, unstable contractions or insuffi cient out-
let resistance (typically, pelvic fl oor voluntary contractions are 
impaired) are present. Detrusor-sphincter dyssynergia, which 
may lead to poor emptying and elevated intravesical pressures, is 
seen in approximately 25% to 40% of patients. Both bladder neck 
(smooth muscle) and external sphincter dyssynergia seem to 
contribute to the voiding dysfunction in many of these patients. 
Recurrent bladder infections, prolonged voiding, extreme hesi-
tancy, and incontinence typify the symptoms of multiple sclerosis 
patients with DESD, although symptoms are not always a reliable 

Figure 14-2 Phasic neurogenic detrusor overactivity in patient with multiple sclerosis. Notice the pseudo-dyssynergic electromyographic 
pattern in the patient attempting to prevent leakage.
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indicator of the type of bladder dysfunction responsible in these 
patients.. Detrusor hyporefl exia, which is the lack of a suffi cient 
contraction during voiding to facilitate bladder emptying, occurs 
in approximately 20% of patients with multiple sclerosis.

Renal insuffi ciency due to bladder dysfunction is fairly uncom-
mon among multiple sclerosis patients. However, certain multi-
ple sclerosis populations, including those with untreated DESD, 
those with elevated intravesical fi lling pressures, and those with 
indwelling catheters, may be at risk for renal deterioration over 
time.19 Nonetheless, in a series of 120 patients undergoing initial 
urologic evaluation, we found abnormal ultrasonographic results 
of any clinical signifi cance to be extremely uncommon, regard-
less of the urodynamic diagnosis, age, sex, and duration of mul-
tiple sclerosis.20 This apparent improvement may be a result of 
earlier recognition of patients at risk for urologic dysfunction and 
prompt treatment.

Movement Disorders: Parkinson’s Disease and 
Multiple Systems Atrophy

It has been estimated that 70% of patients with movement dis-
orders develop LUTS. Although it is believed that patients with 
Parkinson’s disease tend to develop symptoms later in the course 
of the disease, it has been shown that patients with mild to mod-
erate Hoehn and Yahr symptom scores still are more symptom-
atic than age-matched counterparts.3 In contrast, patients with 
multiple systems atrophy typically do show signs of autonomic 
dysfunction early in the course of their disease, and men may 
report erectile dysfunction before other neurologic disturbances 
are noticed.

Overall, most patients with Parkinson’s disease, when studied 
urodynamically, are found to have detrusor overactivity. Cell 
loss in the substantia nigra, which is thought to inhibit detrusor 
activity at baseline, is believed to be responsible for the emer-
gence of detrusor overactivity in patients with Parkinson’s 
disease. Refl ecting the diffuse neuronal cell loss seen in multiple 
systems atrophy, patients with this condition can have a variety 
of conditions affecting the bladder and sphincter. In particular, 
neuronal cell loss in Onuf’s nucleus leads to sphincteric denerva-
tion and insuffi ciency, whereas neuronal cell loss in the inter-
mediolateral cell columns may lead to detrusor hyporefl exia. 
Although the risk of postprostatectomy incontinence in men 
with Parkinson’s disease is high (approximately 20%), the risks 
may be prohibitively high (80%) in patients with multiple 
systems atrophy due to specifi c sphincteric disturbances.21 It is 
thought that a relative bradykinesia, which is a failure to relax the 
external sphincter, is present in some patients with Parkinson’s 
disease, manifesting as an obstructive picture that is unrelated to 
prostate encroachment. These patients, although perhaps pre-
senting with elevated residual volumes and voiding disturbances, 
are unlikely to be helped by surgical therapy to relieve outlet 
obstruction.

Several trials have investigated the impact of Parkinson’s 
disease therapies on LUTS. The dopamine receptor agonist 
apomorphine has no reliable effect on detrusor overactivity, 
although it has been shown to improve urodynamic indices 
of bladder outlet obstruction.22 The effects of levodopa on 
bladder function appear to be somewhat mixed. One hour after 
administering levodopa in patients with more advanced disease, 
urodynamics revealed diminish bladder capacity and a reduced 
threshold volume for overactivity, thereby worsening urgency, 
although an improvement in voiding effi ciency occurred because 

of enhanced detrusor contractility.23 Patients undergoing subtha-
lamic nucleus stimulation were found to have improved bladder 
capacity and threshold volume for detrusor overactivity during 
active treatment.24

Cerebrovascular Accident

The development or progression of LUTS after a CVA may be 
found in up to 70% of patients. Because most patients affected 
by CVA are elderly and may have preexisting disturbances of 
micturition or incontinence, it is often diffi cult to decipher what 
is acute and what chronic in the weeks to months after a stroke. 
This is particularly troublesome when patients have diffi culty 
communicating after a CVA because of aphasia, and preexisting 
symptoms are unknown. Because many strokes can affect the 
suprapontine centers, which provide input (largely inhibitory) to 
the pontine micturition center, such as the thalamus, basal 
ganglia, cerebellum, and cerebral cortex, the development of new 
urinary symptoms after a stroke is common.

From a clinical standpoint, the development of urinary reten-
tion shortly after a CVA is quite common. Generally, unless 
preexisting detrusor dysfunction or coexisting outlet obstruction 
is present, retention is later replaced by frequency, urgency, and 
often, urge incontinence. Urodynamically, neurogenic detrusor 
overactivity is the most common fi nding, with the external 
sphincter being synergic in most cases, although patients with 
internal capsule or cerebral cortex CVA may be more vulnerable 
to incontinence due to uninhibited sphincteric relaxation.7 True 
detrusor-sphincter dyssynergia is quite uncommon after CVA. 
Detrusor arefl exia may also be seen in a signifi cant number of 
patients after CVA, regardless of CVA location, and overall, it is 
not clear that stroke location can accurately predict the nature of 
bladder dysfunction.25

Data have emerged regarding the pathogenesis of detrusor 
dysfunction after CVA, opening the door for new treatments. In 
animal models, occlusion of the middle cerebral artery has been 
associated with increases in nitric oxide production at the level 
of the bladder and spinal cord (by neuronal nitric oxide syn-
thase), and intracerebral injections of nitric oxide inhibitors 
have rapidly increased bladder capacity that had been diminished 
after middle cerebral artery occlusion.26,27 Treatment with an 
ATP-dependent potassium channel opener has improved bladder 
capacity after cerebral infarction in rats, whereas others have 
found that specifi c alterations in the glutamatergic and dopami-
nergic pathways may be responsible for detrusor overactivity 
after a CVA.28,29 These fi ndings and others have provided hope 
that alternative treatment strategies may be available to help 
reduce the impact of CVA on bladder function when used in the 
acute setting.

Cervical Spondylosis

Cervical spondylosis is most commonly associated with intermit-
tent but severe neck pain, and it can lead to gait disturbance and 
progressive LUTS. A form of degenerative disk disease, cervical 
spondylosis can result in a signifi cant myelopathy, causing loss 
of manual dexterity, arm and hand weakness, sensory abnormali-
ties (C3 to C5 levels), lower extremity spasticity, loss of proprio-
ception, and ultimately, gait imbalance (C5 to C8). Shooting 
electric shock sensations may occur in the extremities (i.e., Lher-
mitte’s sign) on neck fl exion and extension in some patients 
with cervical spondylosis. The development of radiculopathy 
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symptoms (typically neck or arm pain with paresthesias) may 
also occur.

Urinary symptoms seem to be present in most patients with 
cervical spondylosis; however, as with CVA, the presence of pre-
existing non-neurogenic LUTS must also be considered. Fre-
quency, urgency, and nocturia are most commonly reported 
(60%), and neurogenic detrusor overactivity is the most common 
urodynamic fi nding (40% to 73%).30 Outlet obstruction resulting 
from DESD occurs in 0% to 36% of patient series.10 It is believed 
that patients with more advanced forms of cervical spondylosis 
tend to have more debilitating urologic symptoms and are more 
likely to experience DESD.31

CONCLUSIONS

Patients with neurogenic voiding dysfunction are challenging to 
treat because of the progressive nature of the disease process. 
Common treatment approaches often do not render the same 
quality results seen in other patients. The treating urologist 
must use all tools available to pinpoint the nature of the bladder 
dysfunction, including complex video urodynamic testing. The 
physician must have a good understanding of the underlying 
neurologic disorder to be able to offer appropriate and reason-
able solutions to what are often very complex voiding 
disorders.
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Chapter 15

VOIDING DYSFUNCTION AFTER 
PELVIC SURGERY
Hari Siva Gurunadha Rao Tunuguntla, 
and Angelo E. Gousse

Pelvic surgery can result in urinary retention or other voiding 
dysfunction by causing inadvertent damage to the pelvic plexus. 
It occurs most often after abdominoperineal resection and radical 
hysterectomy, although it may be seen after transvaginal or 
abdominal surgery for urinary incontinence (e.g., colposuspen-
sion, use of tension-free vaginal tape [TVT]) and pelvic organ 
prolapse, hysterectomy for benign disease, and laparoscopic 
hysterectomy.

SURGICAL ANATOMY OF THE PELVIC 
NERVOUS SYSTEM

The bladder receives innervation from the pelvic plexus (i.e., 
input from the S2 to S4 spinal cord segments by way of the pre-
sacral nerve), which is situated on the lateral aspect of the rectum. 
The portion of the pelvic plexus that specifi cally supplies the 
bladder is also called the vesical plexus.

The primary supply to the detrusor is by parasympathetic 
nerves that are uniformly and diffusely distributed throughout 
the detrusor. In contrast, the sympathetic nerve supply to the 
detrusor is rather sparse.1 In women, numerous parasympathetic 
nerves, identical to those innervating the detrusor, supply the 
bladder neck and urethral muscle. The female bladder muscle 
and urethra receive a poor supply of sympathetic innervation.2 

The sympathetic preganglionic nuclei are located in the L1 and 
L2 spinal segments and possibly in the T12 segment. Afferent 
sensory fi bers from the bladder exit along the sympathetic or 
parasympathetic pathways.

The superior hypogastric plexus is a fenestrated network of 
fi bers anterior to the lower abdominal aorta. The hypogastric 
nerves exit bilaterally at the inferior poles of the superior hypo-
gastric plexus that lie at the level of the sacral promontory. The 
network of nerve structures is located between the endopelvic 
fascia and the peritoneum. The hypogastric nerves unite the 
superior hypogastric plexus and the inferior hypogastric plexus 
or pelvic plexus bilaterally. The inferior hypogastric plexus has 
connections with the sacral roots from S3 and some contribu-
tions from S4 and S2.3 The superior hypogastric plexus and hypo-
gastric nerves are mainly sympathetic, the pelvic splanchnic 
nerves are mainly parasympathetic, and the inferior hypogastric 
plexus contains both types of fi bers.

Bladder afferent fi bers convey mechanoreceptive input essen-
tial for voiding. These visceral afferent fi bers also transmit sensa-
tions of bladder fullness, urgency, and pain.

Ablative pelvic surgery may result in injury to the pelvic plexus 
and pudendal nerve, leading to abnormal function of parasym-

pathetic, sympathetic, and somatic function. The resultant uro-
dynamic abnormalities include any combination of reduced 
compliance, hypocontractile detrusor, bladder neck incompe-
tence identifi ed on fl uoroscopic screening, reduced urethral 
closure pressure, and electromyographic changes in the perineal 
musculature.4-6

PATHOPHYSIOLOGY OF VOIDING DYSFUNCTION

Voiding dysfunction after pelvic surgery may be caused by ana-
tomic or functional disturbances of the lower urinary tract. The 
causes may be divided into two broad categories: failure to store 
(i.e., altered bladder or bladder outlet function) and failure to 
empty (i.e., altered bladder or bladder outlet function).

Failure to store may be caused by detrusor overactivity, which 
may result from denervation supersensitivity after pelvic dissec-
tion or from surgery-related bladder outlet obstruction (e.g., 
after tight suburethral slingplasty). Bladder outlet obstruction 
may be the most common factor in the development of post-
operative voiding dysfunction.7 Bladder outlet obstruction is 
intimately involved with the onset of postoperative voiding dys-
function. Harrison and associates8 and Speakman and colleagues9 
proposed that parasympathetic denervation supersensitivity 
develops as a result of bladder outlet obstruction, and others10 
have postulated that denervation hypersensitivity may develop 
from the surgical dissection alone in the absence of bladder outlet 
obstruction. Other studies suggested that bladder outlet obstruc-
tion might result in changes in cholinergic and purinergic signal-
ing. Likewise, inadequate tension during sling placement, 
although uncommon, may result in failure of the bladder to 
store.

Postvoid residual (PVR) volume (achieved by a Valsalva 
maneuver or effective detrusor contraction) is an indicator of 
voiding effi ciency. Preoperatively, increased PVR volumes due to 
loss of contractility or obstruction, or both, can be a demonstra-
tion of effi ciency loss, and consequently, it is a risk factor for 
postoperative voiding dysfunction.

Bladder outlet obstruction after sling surgery is related to 
increased tension resulting in urethral compression.7 It may 
result from different causes after different procedures for incon-
tinence. Retropubic and transvaginal needle suspensions stabilize 
lateral juxtaurethral tissues; obstruction is often related to hyper-
elevation of the bladder neck and kinking of the proximal urethra. 
Pubovaginal slings provide suburethral support to augment ure-
thral coaptation during periods of increased intra-abdominal 
pressure. Midurethral slings using TVT (Gynecare, Ethicon, 
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Somerville, NJ) or SPARC mesh material (American Medical 
Systems, Minnetonka, MN) are the new class of anti-
incontinence procedures and are placed without tension at the 
mid-urethral level to simulate the supportive function of the 
pubourethral ligaments. Obstruction after these procedures has 
been attributed to compression from excessive tension or sling 
misplacement or migration.7

Voiding with a weak detrusor contraction (identifi ed by cys-
tometrogram) or during a Valsalva maneuver has been associated 
with a higher risk of urinary retention and surgical failure.11-13 
Miller and colleagues11 observed that of 21 women who voided 
without contraction on the preoperative test, 4 (19%) presented 
with postoperative urinary retention, compared with none of 48 
other women with normal contraction. In the same study, no 
patient with a contraction pressure greater than 12 cm H2O pre-
sented with retention. Among the parameters tested for voiding 
dysfunction, only PVR volume was a signifi cant factor. However, 
the investigators emphasized that the small sample limited the 
conclusions of the study.11

EVALUATION OF VOIDING DYSFUNCTION

The presence and extent of preoperative storage and voiding 
symptoms are useful for comparison with de novo or persistent 
symptoms after incontinence surgery. Important factors include 
preoperative emptying status and PVR volume. These assess-
ments are important for those with elevated PVR volumes after 
slingplasty. If preoperative voiding parameters and emptying are 
normal, incomplete emptying or retention after surgery increases 
the suspicion of obstruction.

Studies have found that patients with poor detrusor contrac-
tility and those who void with abdominal straining may require 
a longer period of postoperative catheterization (e.g., after retro-
pubic suspensions and pubovaginal sling) and take longer to 
resume normal voiding.14,15 However, McLennan and cowork-
ers16 found no association between returning to normal voiding 
and length of postoperative catheterization in those undergoing 
autologous fascia lata sling surgery. Urethral erosion (Fig. 15-1) 
and bladder perforation (Fig. 15-2) during placement of a syn-
thetic sling should be excluded by a thorough cystourethroscopy 
(if necessary, by a retrofl exed fl exible cystoscope) during the 
evaluation of a patient with urgency, urge incontinence, UTI, and 
or hematuria after slingplasty.

History and Physical Examination

Postoperative evaluation demands a thorough history that 
includes assessment of storage symptoms such as frequency, 
dysuria, urgency, and urge incontinence and voiding symptoms 
such as hesitancy, incomplete emptying, straining, positional 
voiding, and complete urinary retention. The physical examina-
tion evaluates symptoms or signs of hyperelevated bladder neck, 
frank stress urinary incontinence (SUI), worsening or new-onset 
pelvic organ prolapse, and erosion of the mesh in the vaginal 
canal. UTI should be ruled out with urinalysis and culture. The 
PVR volume should be documented, although an elevated PVR 
volume cannot accurately separate bladder outlet obstruction 
from impaired detrusor contractility.

The fi ndings on physical examination may vary from normal 
to a frankly hypersuspended urethra. Midurethral slings (e.g., 
SPARC suburethral sling, TVT) typically do not result in over-

correction of the urethrovesical angle.17 Bladder neck slings, 
however, can pull or scar the urethra against the pubic bone and 
result in a negative urethrovesical angle. The surgeon may also 
encounter an iatrogenic obstruction without hypersuspension or 
elevation of the bladder neck or urethra. Any additional outlet 
resistance may be enough to cause retention or de novo obstruc-
tion in patients with a hypocontractile detrusor.

Cystocele may create a fulcrum or point of obstruction and 
should be excluded in the evaluation of voiding dysfunction after 
sling surgery. Urethral or vaginal erosion of the sling, SUI, and 
persistent urethral hypermobility also should be considered.

Video Urodynamic Study

Although commonly performed by most clinicians, the evidence-
based value of urodynamic study in the evaluation of  voiding 
dysfunction after incontinence surgery remains controversial. 
Most studies have shown a poor correlation between fi ndings on 
urodynamics and outcomes after urethrolysis.17

Figure 15-1 Urethral erosion by a tension-free vaginal tape 
suburethral sling.

Figure 15-2 Bladder perforation by a tension-free vaginal tape 
suburethral sling.
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Urodynamic studies may provide information on detrusor 
overactivity or impaired compliance in patients in urinary reten-
tion or increased PVR capacity.18 They may also confi rm the 
diagnosis of obstruction as demonstrated by high pressure or low 
fl ow. McGuire and colleagues,19 Nitti and coworkers,20 and Cross 
and associates21 have shown that presence of an adequate detru-
sor contraction has no association with successful voiding after 
transvaginal urethrolysis and sling takedown. Urodynamic study 
may provide a specifi c diagnosis of voiding dysfunction (e.g., 
impaired pelvic fl oor relaxation during voiding) and therefore 
can be helpful in directing therapy. It may also ascertain the cause 
of concomitant incontinence, guiding concurrent surgery during 
urethrolysis.

Absolute urodynamic criteria for obstruction in women have 
not been defi ned despite several proposed cutoff values. Chas-
sagne and associates22 noticed that at a cutoff value of 15 mL/sec 
or less, fl ow with a combined detrusor pressure of at least 20 cm 
H2O was able to defi ne bladder outlet obstruction in women with 
a sensitivity of 74% and specifi city of 91%. Blaivas and Groutz23 
used a “free urofl ow” parameter in 600 women to provide useful 
information for those unable to void during the study. They clas-
sifi ed obstruction on the basis of a detrusor pressure of more than 
20 cm H2O despite no fl ow or an inability to void with a catheter 
in place. Nitti and coworkers24 used a combination of multichan-
nel urodynamic study and videofl uoroscopy to aid in the diag-
nosis of bladder outlet obstruction as a sustained detrusor 
contraction with reduced fl ow and radiographic evidence of 
obstruction between the bladder neck and urethra. However, if 
a patient does not demonstrate a contraction during the voiding 
phase with concomitant urofl ow, it is not as useful. Notwith-
standing these limitations, a urodynamic study confi rming 
obstruction can make the surgeon feel more confi dent in his or 
her decision to perform urethrolysis. Urodynamic study provides 
information regarding bladder capacity, SUI, compliance, detru-
sor overactivity, or learned voiding dysfunction.

Cystoscopy

All patients with persistent storage symptoms after pelvic surgery 
should undergo cystoscopy to rule out urethral erosion (see Fig. 
15-1) and bladder perforation (see Fig. 15-2) from sutures, the 
suture passer, or sling material. Cystoscopy may also show a 
hypersuspended mid-urethra or bladder neck (indicating exces-
sive sling tension), scarring, deviation of the urethra, misplace-
ment or migration, or even a fi stula. Vaginoscopy also can be 
performed to exclude vaginal erosion of a sling.

Postoperative Recovery

Some delay in initiating volitional voiding may occur up to 4 
weeks after any anti-incontinence surgery. Management depends 
on the nature of symptoms. Those with high PVR volumes or 
complete retention should be initially treated with intermittent 
or continuous catheterization for up to 3 or 4 weeks. The clini-
cian can use his or her judgment to intervene sooner. Signifi cant 
incomplete emptying or total retention persisting beyond this 
period rarely resolves without intervention. Evaluation and 
treatment can therefore be considered at this point. Experience 
with midurethral polypropylene slings suggests that incomplete 
emptying or urinary retention can be addressed as early as 1 week 
postoperatively.25 However, the outcomes after earlier interven-
tion have not been established. In patients with voiding symp-

toms alone, a temporal relationship of severe symptoms after 
surgery, and normal preoperative voiding and emptying, ure-
throlysis may be undertaken without urodynamic assessment. 
This principle also applies to obstruction after any incontinence 
procedure when a temporal or causal relationship between 
surgery and voiding dysfunction exists.

Evaluation in those with de novo or worsening storage 
symptoms and normal emptying is based on the severity of 
bother compared with that from preoperative symptoms. 
Such patients should initially undergo conservative treatment 
with fl uid restriction and antimuscarinic agents. If symptoms 
persist, urodynamic study and cystoscopy should be performed. 
If symptoms fail to resolve over an arbitrary 3 months’ waiting 
period and obstruction is the cause of the storage symptoms, 
urethrolysis should be considered. Although 3 months is the 
minimal period before surgical intervention in most urethrolysis 
series,26 we feel that treatment should be individualized for each 
patient with storage symptoms after pelvic organ prolapse or 
sling surgery.

PELVIC SURGERY

Radical Hysterectomy

Short-term and long-term bladder dysfunction remains a 
common side effect after radical hysterectomy, with bladder 
atony (requiring indwelling catheter drainage for more than 2 
weeks) reported in as many as 42% of patients.27 Mundy and 
colleagues28 reported voiding dysfunction in 52% to 85% of 
patients after radical total hysterectomy.

Mundy and colleagues28 reported urinary retention in only 
0.5% of patients after radical hysterectomy, whereas straining 
was required by 85%. Buchsbaum and associates29 reported 
urinary retention in 10% to 60% of patients after radical hyster-
ectomy. Compared with surgery, adjuvant pelvic irradiation is 
more often associated with contracted and overactive bladders. 
Retention is usually treated with clean intermittent self-
catheterization. Bandy and assocaites30 have shown that pro-
longed indwelling catheterization (>30 days) after radical 
hysterectomy is associated with worse long-term PVR and total 
bladder capacity. Fortunately, this voiding dysfunction becomes 
permanent in less than 5% of patients. 30

In a prospective study of 18 patients who underwent modifi ed 
radical hysterectomy (involving restricted dissection of the ante-
rior parts of the cardinal ligament and preservation of the poste-
rior cardinal ligament), Chuang and coworkers31 demonstrated 
only temporary (<6 months) vesicourethral dysfunction attri-
butable to transient somatic and autonomic demyelination 
with or without denervation. These investigators studied the 
patients by pudendal motor nerve conduction and urodynamic 
studies, including urethral pressure profi ling, cystometry, and 
urofl owmetry.

Central Compartment Surgery and Voiding Dysfunction

Hysterectomy for Benign Disease
Urologic complications occur after 0.1% of the abdominal and 
0.05% of the vaginal procedures.32 Most controlled, prospective 
studies have found minimal effect of hysterectomy for benign 
disease on bladder function, and urinary retention therefore 
appears to be related to other factors.33 Voiding dysfunction is 
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more common after total than after subtotal hysterectomy per-
formed for benign causes (see Fig. 15-1).34

Loss of bladder-fi lling sensation is the suggested pathophysi-
ologic mechanism of urinary retention after hysterectomy.35 
Everaert and colleagues35 showed that urinary retention after hys-
terectomy for benign disease was associated with deafferentiation 
of the bladder wall in four patients and of the bladder neck 
in one. Decreased visceral sensation of the bladder or bladder 
neck is associated with neurogenic disease.36 Functionally, these 
patients have absent fi lling sensation on cystometry, together 
with partial or complete sensory denervation of the bladder, 
resulting in increased bladder capacity and secondary urinary 
retention. Compared with subtotal hysterectomy, total hysterec-
tomy has been associated with a more prominent decrease in 
voiding frequency and increased bladder capacity.34 Mild symp-
toms of deafferentiation are more frequent after hysterectomy 
but are temporary.33 Partial or complete deafferentiation, together 
with a concomitant factor (e.g., preexisting pelvic fl oor dysfunc-
tion, histrionic personality, medications) may result in urinary 
retention.

Although retention is rare after hysterectomy for benign 
disease, it is bothersome for the patient. Selected patients may be 
candidates for sacral nerve neuromodulation.35 Everaert and 
associates35 reported good response in 50% and partial long-term 
success in 33% of 15 patients.

Laparoscopic Hysterectomy and Voiding Function
Most women undergoing hysterectomy are in the perimeno-
pausal age group, and urinary symptoms are common in all 
women in this age group. Long and colleagues37 have shown 
improvement in urinary symptoms after laparoscopic hysterec-
tomy. These investigators showed a signifi cant decrease in the 
number of women with one or more urinary symptoms, from 81 
(53.6%) of 151 preoperatively to 58 (38.4%) of 151 postopera-
tively. Urinary frequency, SUI, and nocturia were the most 
common preoperative symptoms that improved after surgery. 
This improvement may result from the postoperative changes in 
the urodynamics and mobility of the bladder neck.38 The inves-
tigators suggest that these effects may be attributed to the anchor-
ing of the vaginal cuff to the cardinal-uterosacral ligament 
complex during hysterectomy. Similarly, Virtanen and cowork-
ers39 noticed a decrease in the incidence of urinary frequency and 
SUI after total hysterectomy.

Anterior Compartment Surgery and Voiding Dysfunction

Anti-incontinence Surgery and Voiding Dysfunction
Anti-incontinence procedures are designed to correct SUI by 
restoring support to the urethrovesical junction and, in cases of 
intrinsic sphincter dysfunction, by improving coaptation of the 
urethra. Persistent voiding dysfunction from postoperative ure-
thral hypersuspension is a known but not well-characterized 
complication after female anti-incontinence surgery. It has been 
reported to occur in 2.5% to 24% of patients.40 In a large series 
of 503 patients comparing the Burch colposuspension with 
Stamey endoscopic needle suspension, voiding dysfunction was 
found to be the most common complication (12.1%).41

In most patients, postoperative voiding dysfunction is caused 
by obstruction from the incontinence procedure itself.42 Urody-
namic obstruction has been reported in 2.5% to 24% of patients 
after incontinence operations.43,44 Some of these  patients have 

“clinical obstruction.” Others may have obvious voiding 
symptoms or retention de novo after surgery. However, storage 
symptoms without incomplete emptying also may be a mani-
festation of obstruction. Carr and Webster45 reported irritative 
symptoms as the most common presenting symptoms, occurring 
in 75% of women, most of whom emptied their bladder 
satisfactorily.

Bladder outlet obstruction occurs in 5% to 20% of patients 
after a Marshall-Marchetti-Krantz procedure,46 in 4% to 7% after 
a Burch colposuspension,47,48 in 5% to 7% after a needle suspen-
sion,49 and in 4% to 10% after pubovaginal sling operations.50 
Although the vaginal TVT is placed without tension at the mid-
urethra, studies have shown that it may still be associated with 
voiding dysfunction in 4.9% to 10% of patients.51,52

Postoperative voiding and storage symptoms are common in 
the immediate postoperative period, although most resolve 
within the fi rst 4 weeks. Workup and intervention is warranted in 
patients with persistent symptoms. Contemporary sling series53-55 
revealed a less than 5% rate of postoperative retention or urody-
namically proven obstruction requiring surgical intervention.

Incidence of voiding dysfunction after anti-incontinence 
surgery is likely greater than reported. Although this is not a 
common outcome, it is possible to underestimate its actual inci-
dence because there exists a spectrum of bladder outlet obstruc-
tion from frank retention to obstructive (i.e., weak stream, 
intermittency, or straining to void) or irritative voiding symp-
toms (i.e., frequency, urgency, or urge incontinence) alone.17 
Some patients may develop de novo instability or detrusor 
overactivity after surgery. Patients with preoperative irritative 
voiding symptoms may be at risk for continued symptoms after 
surgery. Which patients need correction of potential bladder 
outlet obstruction or alternative therapy rests on the clinician’s 
judgment.

Carr and Webster45 found that among 51 patients presenting 
for urethrolysis, 75% had irritative complaints, 61% had obstruc-
tive symptoms, and 55% experienced de no urge. Urinary reten-
tion as the sole symptom (with or without the need for intermittent 
self catheterization) was uncommon, occurring only in 24%. 
Urethral erosion (see Fig. 15-1) may occasionally manifest with 
obstructive or irritative voiding symptoms.56

Patients with long-term retention may choose to continue 
intermittent or continuous catheterization rather than risk recur-
rent incontinence from urethrolysis. Surgery has been reserved 
for patients with frank voiding symptoms, whereas patients with 
de novo or worsening storage symptoms are more often managed 
nonoperatively. Initial therapy includes fl uid management, timed 
voiding, and antimuscarinic medications. Surgical procedures 
such as sacral neuromodulation and augmentation cystoplasty 
are reserved for the more refractory cases. Botulinum toxin type 
A intradetrusor injection may have a role in these cases in the 
future.

Surgical Intervention for Retention after Slingplasty
Urethrolysis (Fig. 15-3) performed in patients with persistent 
voiding dysfunction has consistently been shown to ameliorate 
voiding complaints and urinary retention after sling surgery for 
SUI. Factors important for decision-making include the type of 
sling or anti-incontinence procedure used, the nature of voiding 
dysfunction (i.e., frank retention versus irritative voiding), and 
the patient’s desired outcome. If a patient is content with the 
current status of retention compared with her severe preopera-
tive incontinence and is not willing to take the risk of recurrent 
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SUI after urethrolysis, she may decide to manage the problem 
with clean intermittent self-catheterization.

The 3-month waiting period for surgical intervention arose 
from data on autologous fascia slings that might have loosened 
with time, allowing the patient to void to completion. Many 
question whether the patient who “’opens up”’ at 3 months is 
actually achieving balanced voiding with a low detrusor pressure 
(i.e., unobstructed). The trend has been to perform urethrolysis 
as soon as 4 weeks into the postoperative period. The available 
literature suggests short-term symptomatic success.7,17

Surgical technique depends on type of material or approach 
used for initial surgery, duration of symptoms after surgery, 
and any associated surgery (e.g., cystocele repair). Operative 
approaches include sling incision, transvaginal urethrolysis, ret-
ropubic urethrolysis, suprameatal (see Fig. 15-3) transvaginal 
urethrolysis, and interposition grafts.17 The overall success rate 
of urethrolysis is acceptable (Table 15-1).

In surgery for retention after slingplasty, a midline incision 
over the sling (see Fig. 15-1) should be attempted initially. If the 
sling cannot be identifi ed or bladder neck mobility is not restored, 
formal transvaginal urethrolysis (see Fig. 15-3) should be per-

formed.7 Suprameatal dissection (see Fig. 15-3) may be helpful 
in lysing scarred fi brous attachments between the urethra and 
pubis. Retropubic urethrolysis is reserved for patients with 
voiding dysfunction after retropubic suspension and for initial 
transvaginal urethrolysis failures. Resuspension of the urethra 
may be considered if the patient has concomitant SUI. Patients 
with persistent obstruction or voiding dysfunction after initial 
urethrolysis should undergo a workup similar to that for primary 
voiding dysfunction after anti-incontinence surgery and may 
be considered for aggressive repeat urethrolysis if obstruction 
is diagnosed. This approach may prevent chronic bladder 
dysfunction.57

Leng and coworkers57 observed an association between pro-
longed time to urethrolysis for obstructive voiding symptoms 
after slingplasty and greater likelihood of persistent bladder dys-
function after urethrolysis. Time to urethrolysis for the whole 
cohort ranged from 2 to 66 months, with a mean follow-up after 
urethrolysis of  17.3 ± 22.9 months. If their observation can be 
corroborated by other studies, it would be prudent to lower the 
threshold of clinical suspicion to detect bladder outlet obstruc-
tion after slingplasty. Video urodynamics testing can help differ-

A B

C D
Figure 15-3 Transvaginal suprameatal urethrolysis. A, Inverted U incision is made between 9 and 3 o’clock positions 1  cm from urethral 
meatus. B, plane is dissected above urethra to base of symphysis pubis. C, Lateral dissection identifi es wings of fi brous tissue overlying 
obstructing suburethral sling. D, Residual obstructing tissue ventral to midurethra.
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entiate between outlet obstruction and de novo urge incontinence. 
Rather than curtailing evaluation before urethrolysis, routine 
urodynamic testing can help us obtain the data for the pathologic 
condition of female bladder outlet obstruction. We do not know 
the role of sacral neuromodulation in nonobstructive retention 
after sling surgery.

Colposuspension and Voiding Function
Wang58 attributed the postoperative voiding dysfunction (i.e., 
frequency, urgency, and obstructive voiding symptoms) to 
outfl ow obstruction. He reported higher postoperative voiding 
dysfunction after a Stamey bladder neck suspension procedure.

Bombieri and associates59 demonstrated that bladder neck 
elevation and compression (anterior and lateral) during colpo-
suspension were responsible for voiding symptoms using mag-
netic resonance imaging. Postoperative voiding was assessed 
clinically and by voiding cystometry. At 3 months, 21.4% of 
patients developed de novo symptoms of overactive bladder. 
Bump and colleagues60 demonstrated higher pressure transmis-
sion ratios in women with postoperative detrusor overactivity 
compared with women without detrusor overactivity after col-
posuspension and controls with overactive bladder symptoms 
who did not undergo surgery.

Pelvic Organ Prolapse Surgery and Voiding Function
Uterine prolapse may negatively affect pelvic fl oor function, 
resulting in voiding symptoms, defecation symptoms, and sexual 
dysfunction.61 In a multicenter, randomized, controlled trial 
comparing abdominal and vaginal prolapse surgery in their 
effects on urogenital function, Roovers and coworkers62 found 
higher (indicating more discomfort) Urogenital Distress Inven-
tory scores (i.e., discomfort/pain domains and obstructive mic-
turition domains) in the abdominal group than in the vaginal 
group. The investigators concluded that vaginal hysterectomy 
with anterior or posterior colporrhaphy, or both, was preferable 
to abdominal sacrocolpopexy with preservation of the uterus as 
surgical correction in patients with uterine prolapse stages II to 
IV. Urinary frequency, urgency, nocturia, and obstructive voiding 
symptoms requiring doctor’s visits occurred in 7% of patients 
after vaginal repair and in 20% of patients after abdominal 
repair.

Rosenzweig and colleagues63 reported improvement in urgency 
and urinary incontinence after simple anterior repair. However, 
in a study of the functional and anatomic outcome of anterior 
and posterior vaginal prolapse repair with Prolene mesh, Milani 
and associates64 reported persistent urge incontinence (16% 
before and after surgery) and clinical SUI (25% before surgery 
and 22% after surgery) but improved urgency (50% before 

surgery and 40% after surgery) and urodynamically confi rmed 
SUI (54% before surgery and 44% after surgery), whereas uro-
dynamic detrusor overactivity worsened after surgery (56% 
versus 22%). The investigators attributed these outcomes to a 
“reduced capacity of the bladder to expand because of the anelas-
ticity of the Prolene mesh.” Larger, prospective studies may settle 
the issue.

Theofrastous and coworkers65 reported improvement in the 
length of postoperative bladder catheterization in postmeno-
pausal women undergoing pelvic organ prolapse repair with pre-
operative estrogen replacement.

Cystocele Repair and Voiding Dysfunction
Most patients with advanced pelvic organ prolapse and elevated 
RVR volumes demonstrate normalization of the PVR volumes 
after surgical correction of the pelvic organ prolapse.66 Patients 
who had stress or urge urinary incontinence 8 weeks after grade 
4 cystocele repair are evaluated with cystoscopy and video uro-
dynamic evaluation when indicated.67

Voiding function (in terms of SUI) improves after cystocele 
repair. None of the patients in the series by Safi r and colleagues67 

had de novo SUI. For 112 patients in this study, urinary inconti-
nence resolved in 39 (87%) of 45, whereas 5 (7%) of the remain-
ing 67 patients with no detrusor overactivity preoperatively had 
de novo urinary incontinence.

One study68 enrolled 45 women (mean age, 65 years) who 
underwent grade 4 cystocele repair and had preoperative param-
eters of grade 4 cystocele in 43 (100.0%), SUI in 24 (55.8%), urge 
urinary incontinence in 26 (60.4%), and obstructive voiding 
symptoms in 26 (60.4%).68 Patients were evaluated using the 
stress, emptying, anatomic, protection, and instability (SEAPI) 
test, with a follow-up of 15 months. Leboeuf and associates68 
demonstrated statistically signifi cant improvement in all the 
SEAPI domains. Two patients (4.7%) had postoperative urinary 
retention, and de novo urge incontinence occurred in two 
patients (11.7%).

In a study by Frederick and Leach,69 8.5% of patients experi-
enced de novo urge incontinence after acadaveric prolapse repair 
with sling procedure for combined SUI and cystocele. Three of 
251 patients experienced prolonged urinary retention (>1 
month); one required urethrolysis.

Enterocele Repair and Voiding Dysfunction
Enterocele was consistently found to be associated with reduced 
maximum and average urofl ow rate centiles.70. Winters and col-
leagues71  reported the outcomes for 20 women between 45 and 
82 years old (mean age, 67.9 years) with complex pelvic fl oor 
prolapse (all patients had cystocele, enterocele, and vaginal vault 

Table 15-1 Results of Urethrolysis

Study No. of Patients Type of Urethrolysis Success Rate (%) Stress Urinary Incontinence (%)

Foster and McGuire76 48 Transvaginal 65  0
Nitti and Raz20 42 Transvaginal 71  0
Cross et al21 39 Transvaginal 72  3
Goldman et al77 32 Transvaginal 84 19
Petrou et al75 32 Suprameatal 67  3
Carr and Webster45 15 Retropubic 93 13
Carr and Webster45 54 Mixed 78 14

Adapted from Vasavada SP: Evaluation and management of postoperative bladder outlet obstruction in women. Issues Incontinence Fall:5-7, 2002.
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prolapse) managed by abdominal sacral colpopexy and abdomi-
nal enterocele repair. Three patients developed SUI postopera-
tively, two despite having a Burch suspension and one after a 
pubovaginal sling. Two patients were successfully managed by 
collagen injection. No complications involving the mesh have 
been encountered.

Sacrospinous Ligament Fixation and Voiding Dysfunction
Cespedes72 reported outcomes of treating total vault prolapse 
using bilateral sacrospinous ligament fi xation through an ante-
rior vaginal approach in 28 patients. All patients had grade 3 or 
4 vault prolapse, and all patients had associated enteroceles, cys-
toceles, and rectoceles. At a mean follow-up of 17 months (range, 
5 to 35 months), SUI had been cured in all patients; however, 
two patients continued to have mild urge incontinence requiring 
less than 1 pad per day. One patient had elevated PVR volumes 
requiring intermittent catheterization for 2 months.

Orthotopic Neobladders and Voiding Function
In a multicenter study of orthotopic neobladders, Carrion and 
coworkers73 did not show any difference in outcomes after ileal 
neobladder versus colonic neobladder. Even a moderate degree 
of nocturnal incontinence is a signifi cant problem for these 
patients. The incidences of diurnal incontinence, nocturnal 
incontinence, and intermittent catheterization were 7%, 31%, 
and 14% of patients undergoing ileal neobladder, respectively. 
The corresponding fi gures for those that underwent colonic neo-
bladder are 12%, 30%, and 11%, respectively.

Fujisawa and colleagues74 have shown that the location of the 
neobladder and avoidance of angulation (>90 degrees) of the 

outlet are important for obtaining normal voiding after neoblad-
der reconstruction in women. These investigators showed that 
intrareservoir pressure is less critical for normal voiding func-
tion. Although an increased intrareservoir pressure (contributed 
mostly by abdominal straining) was associated with increased 
frequency, it did not correlate with the peak urinary fl ow rate 
(Table 15-2).

CONCLUSIONS

Female bladder outlet obstruction after pelvic surgery is a multi-
faceted topic because of the lack of defi ned criteria for the evalu-
ation. The long-term outcome is often not as good as expected. 
Short-term and long-term bladder dysfunction remains a 
common side effect after radical hysterectomy, with bladder 
atony reported in as many as 42% of patients. Bladder outlet 
obstruction can occur after a Marshall-Marchetti-Krantz proce-
dure, Burch colposuspension, and pubovaginal sling procedure. 
Although the vaginal TVT is placed without tension at the mid-
urethra, studies have shown that it may still be associated with 
voiding dysfunction in 4.9% to 10% of patients. Urethral erosion 
may occasionally manifest with obstructive or irritative voiding 
symptoms. Most patients with advanced pelvic organ prolapse 
and elevated PVR volumes had normalization of PVR volumes 
after surgical correction of the pelvic organ prolapse. De novo 
urge incontinence occurs in 11% of patients after high-grade 
cystocele repair. Postoperative urinary retention after sacrospi-
nous ligament fi xation is less affected by the vault suspension 
than by the preoperative and postoperative management and 

Table 15-2 Incidence of Voiding Dysfunction after Pelvic Surgery

Type of Surgery Incidence of Voiding Dysfunction (%) Study

Radical hysterectomy 42 Artman et al27

Hysterectomy for benign causes 0.1 (abdominal)
0.05 (vaginal)

Diels et al32

Slings for urinary incontinence 2.5-24 Dorfl inger et al40

Morgan et al53

Chaiken et al55

Klutke et al55

Marshall-Marchetti-Krantz colposuspension 5-20 Zimmern et al46

Burch colposuspension 4-7
21.4

Akpinalr et al47

Ward et al48

Bombieri et al59

Tension-free vaginal tape (TVT) 4.9-10 Dorfl inger et al51

Karram et al52

Anterior plus posterior compartment pelvic organ prolapse repair 16* Milani et al64

Cystocele repair 4.7†

11.7‡
Leboeuf et al68

Ileal neobladder 7 (diurnal incontinence)
31 (nocturnal incontinence)
14 (clean catheterization)

Carrion et al73

Colonic neobladder 12 (diurnal incontinence)
30 (nocturnal incontinence)
11 (clean catheterization)

Carrion et al73

*Incidence of persistent urge incontinence.
†Incidence of urinary retention.
‡Incidence of de novo urge incontinence.
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concurrent pelvic surgical procedures (e.g., cystocele repair). 
Postoperative stress incontinence may occur in 10% of patients 
when the bladder neck and urethra are not adequately 
supported.

Guidelines on postoperative outcome measures offer a more 
effective way to manage this problem. Quality-of-life scores, 

including the 7-item Incontinence Impact Questionnaire (IIQ-
7), 6-item Urogenital Distress Inventory (UDI-6), and American 
Urological Association (AUA) symptom scores may be used to 
gain more information on the quality-of-life changes that may 
be induced with management of bladder outlet obstruction in 
these patients.
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Chapter 16

IDIOPATHIC URINARY RETENTION 
IN THE FEMALE
Priya Padmanabhan and Nirit Rosenblum

Urinary retention describes the inability to void voluntarily with 
a bladder volume exceeding the expected bladder capacity. More 
attention has been placed on male urinary retention caused by 
benign prostatic hypertrophy than urinary retention in women. 
Causes of incomplete bladder emptying in women are as variable 
and numerous as in men, but the presumed infrequency and 
diffi culty in diagnosis accounts for less focus on them.1 The 
largest body of medical literature on causes of female urinary 
retention, even in the past decade, assumes a psychogenic or 
hysterical basis to the problem.2 The exact incidence of female 
urinary retention is unknown, but proper workup ensures that 
psychogenic retention is a diagnosis of exclusion and not an 
assumption. Excellent reviews of causes, workup, and manage-
ment of urinary retention in females were published by Nitti and 
Raz1 and Smith and coworkers.3 Classically cited causes of urinary 
retention include neurologic, pharmacologic, anatomic, myo-
pathic, functional, and psychogenic origins.

There are no quantitative defi nitions for bladder volumes 
associated with urinary retention. Instead, it is the effects of the 
urinary retention on the female patient that is of clinical concern. 
Diagnosis and management are not directed at addressing a spe-
cifi c volume or postvoid residual (PVR) volume; instead, the 
focus is on treating the effects of urinary retention. The symp-
tomatic female patient may present with abdominal discomfort, 
irritative voiding symptoms, recurrent urinary tract infections, 
and incontinence and may eventually suffer from the sequelae of 
long-term retention, upper tract deterioration.

Instead of describing all of the causes of urinary retention in 
women, we focus on the area of idiopathic urinary retention, a 
group of causes that was previously gathered under the term 
psychogenic retention. The following sections provide an overview 
of common causes of urinary retention, discuss the history and 
basis of idiopathic retention, and describe the diagnostic tools 
and treatment options for the management of pseudomyotonia, a 
term coined by Fowler in 1986.

ETIOLOGY AND PATHOPHYSIOLOGY OF 
URINARY RETENTION

Reviews have classifi ed urinary retention as transient or estab-
lished (i.e., requiring a more comprehensive workup). Transient 
causes include immobility (especially postoperative), consti-
pation or fecal impaction, medications, urinary tract infections, 
delirium, endocrine abnormalities, and psychological problems. 
After the underlying cause is treated or the offending agent is 
removed, there is usually a return to normal voiding.1,3 Common 
causes of established urinary retention are listed in Box 16-1.

Neurogenic Causes

Disruption in neural pathways and non-neurogenic causes can 
cause bladder outlet obstruction and decreased bladder contrac-
tility, leading to urinary retention. Normal voiding requires the 
coordinated contraction by the detrusor of adequate magnitude 
and concomitant lowering of resistance at the smooth and stri-
ated sphincters, with an absence of obstruction.4 The pontine 
micturition center controls voiding by stimulating parasympa-
thetic fi bers at S2 to S4, causing a detrusor contraction and inhib-
iting sympathetic fi bers (T11 to L2) and somatic fi bers of the 
pudendal nerve (S2 to S4). This causes relaxation of the bladder 
neck and proximal urethra and the external urethral sphincter, 
respectively.3

Detrusor–external sphincter dyssynergia (DESD) is a neuro-
genic cause of bladder outlet obstruction resulting from a supra-
sacral spinal cord lesion. DESD is associated with myelitis, spinal 
cord injury (i.e., upper motor neuron), and multiple sclerosis. 
Video urodynamics studies (VUDS) demonstrate detrusor hyper-
refl exia, high detrusor pressures, an increase in external sphincter 
activity, and small voided volumes. The ideal treatment for 
DESD is anticholinergics with clean intermittent catheterization 
(CIC).1,5

Multiple sclerosis is a focal demyelinating disease with a pre-
dilection for women between the ages of 20 and 50 years. Multi-
ple sclerosis is associated with upper motor neuron and lower 
motor neuron lesions and therefore causes bladder outlet obstruc-
tion and decreased bladder contractility. Between 50% and 90% 
of patients with multiple sclerosis complain of voiding symp-
toms, usually urinary retention.6 Detrusor hyperrefl exia is the 
most common fi ndings on VUDS, with arefl exia identifi ed in up 
to 40% and DESD in up to 66%.7 The most important factors 
predisposing a multiple sclerosis patient to complications are 
high detrusor fi lling pressure (>40 cm H2O) and an indwelling 
Foley catheter.8 Management includes anticholinergics with or 
without CIC and behavioral therapy.9

Cauda equina syndrome is caused by distal spinal cord injury, 
intervertebral disk protrusion, myelodysplasia, neoplasms, and 
vascular malformations, leading to decreased bladder contractil-
ity. It is associated with a complex of lower back pain, sciatica, 
saddle anesthesia, lower extremity weakness, sexual dysfunction, 
and bowel or bladder dysfunction. Urinary retention and strain-
ing are the most common urologic presentation. Diagnosis is 
made by computed tomography, magnetic resonance imaging 
(MRI), or myelography.1,3 VUDS indicate an arefl exic bladder, 
variable detrusor pressures, and sphincter denervation on elec-
tromyography.10 The extent of sensory defi cit in the perineal or 
saddle area is the most signifi cant negative predictor of bladder 
function recovery.11 Recovery of bladder function occurs 
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over 3 to 4 years in 25% of patients with prompt surgical 
intervention.3

Pelvic plexus injury is most common during abdominoperi-
neal resection, radical hysterectomy, proctocolectomy, and low 
anterior resection after injury or malignant extension to pelvic, 
hypogastric, and pudendal nerves. Findings of VUDS are similar 

to those for cauda equina syndrome. Urinary retention usually 
resolves within months, with one third of patients having perma-
nent voiding dysfunction. Urodynamically, permanent voiding 
dysfunction is characterized by fi xed, residual, striated sphincter 
tone and an open, nonfunctional smooth sphincter. CIC is the 
management of choice until normal voiding returns.1,12

Multiple infectious, endocrine, and nutritional abnormalities 
cause peripheral neuropathy and decreased bladder contractility, 
leading to urinary retention. The classic example is diabetic cys-
topathy, but others include pernicious anemia, alcoholic neu-
ropathy, tabes dorsalis, herpes zoster infection, Guillain-Barré 
syndrome, and Shy-Drager syndrome. Diabetic cystopathy often 
has insidious loss or impairment of bladder sensation, with pro-
gressive increase in bladder volumes and hypocontractility.13-16 
Management combines behavioral modifi cation (e.g., timed 
voiding, Credé voiding) and CIC to facilitate emptying.1

Non-neurogenic Causes

There are many non-neurogenic causes of bladder outlet obstruc-
tion and decreased bladder contractility that lead to urinary 
retention in the female patient (see Box 16-1). Most obstruction 
is classifi ed as anatomic and functional. Anatomic obstruction 
includes primary bladder neck obstruction, infl ammatory pro-
cesses, prolapse, neoplasm, gynecologic, iatrogenic, and other 
causes. Functional obstruction is usually described in terms of 
dysfunctional voiding and external sphincter spasticity.

Primary bladder neck obstruction was introduced in 1933 by 
Marion17 as a diagnosis of exclusion. Typically, these women 
present with irritative voiding symptoms and are given a trial of 
anticholinergics or antispasmodics; the course is eventual pro-
gression to periodic urinary retention or high PVR urine volumes. 
The exact cause is unknown, but the advent of video urodynamic 
testing has made diagnosis more accurate. The hallmark of 
primary bladder neck obstruction is incomplete opening or fun-
neling of the bladder neck in the setting of sustained detrusor 
contraction of normal or high amplitude. There is resultant poor 
or nonexistent fl ow but a synergic external urethral sphincter. 
Management is medical and surgical. Terazosin has been used 
with improvement in fl ow rate and reduction of PVR volumes. 
Surgical options include transurethral incision of the bladder 
neck and Y-V-plasty of the bladder neck. Care is taken to avoid 
injury to the external sphincter, which can lead to stress urinary 
incontinence.1,3,18-20

Infl ammatory processes, such as bladder neck fi brosis, ure-
thral stricture, meatal stenosis, urethral caruncle, Skene’s gland 
cyst or abscess, and urethral diverticulum, are associated with 
anatomic obstruction. Management usually involves treatment 
of the offending infection and surgical excision of obstructing 
lesions.

Patients with pelvic prolapse (e.g., uterine, cystocele, entero-
cele, rectocele) usually present with incomplete emptying, lower 
urinary tract symptoms, and recurrent urinary tract infections 
with or without stress urinary incontinence. They may describe 
positional changes or the need to reduce the prolapse to void. 
Bladder outlet obstruction is caused by kinking or compression 
of the urethra during voiding. VUDS are useful in making the 
diagnosis. After the initial diagnosis, a pessary or packing should 
be used to reduce the prolapse and confi rm the diagnosis. This 
helps predict the outcome of prolapse repair. Treatment of symp-
tomatic prolapse is usually surgical.1,21 In cases of signifi cant mor-
bidity or age, a pessary alone may be used.

I. Neurogenic causes
 A. Obstruction
  1. Detrusor-sphincter dyssynergia
   a. Suprasacral spinal cord injury
   b. Myelitis
   c. Multiple sclerosis
  2. Parkinson’s disease
 B. Decreased bladder contractility
  1. Lower motor neuron lesion

   a.  Cauda equina injury (e.g., distal spinal cord, 
intervertebral disk protrusion, myelodysplasia, 
primary and metastatic neoplasms, vascular 
malformations)

   b. Pelvic plexus injury
   c.  Peripheral neuropathy (e.g., diabetes mellitus, 

pernicious anemia, alcoholic neuropathy, tabes 
dorsalis, herpes zoster, Guilland-Barré 
syndrome, Shy-Drager syndrome)

  2. Multiple sclerosis
II. Non-neurogenic causes
 A. Obstruction
  1. Anatomic causes
   a. Primary bladder neck obstruction

   b.  Infl ammatory processes (e.g., bladder neck 
fi brosis, urethral stricture, meatal stenosis, 
urethral caruncle, Skene’s gland cyst or 
abscess, urethral diverticulum)

   c. Pelvic prolapse
   d. Neoplasm (e.g., urethral carcinoma)

   e.  Gynecologic, extrinsic compression (e.g., 
retroverted uterus, vaginal carcinoma, cervical 
carcinoma, ovarian mass)

   f.  Iatrogenic obstruction (e.g., anti-incontinence 
procedures, multiple urethral dilations, 
urethral excision or reconstruction)

   g.  Miscellaneous causes (e.g., urethral valves, 
ectopic ureterocele, bladder calculi, atrophic 
vaginitis, reconstruction)

  2. Functional causes
   a. Dysfunctional voiding
   b. External sphincter spasticity
 B. Decreased bladder contractility
  1. Hypotonia or atony
   a. Chronic obstruction
   b. Radiation cystitis
   c. Tuberculosis
  2. Detrusor hyperactivity with impaired contractility
  3. Psychogenic retention
  4. Infrequent voider’s syndrome
III. Idiopathic causes (e.g., Fowler’s syndrome)

Box 16-1 Causes of Urinary Retention 
 in Females
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There are multiple neoplastic, obstetric, and gynecologic 
causes of bladder outlet obstruction in women. Urethral carci-
noma is the only urologic malignancy more frequent in women 
(0.2%), although it remains rare. Patients present with bleeding 
and develop irritative and obstructive symptoms. Treatment 
ranges from local excision to anterior exenteration with comple-
mentary radiation therapy.22 Gynecologic neoplasms and masses 
usually cause urinary retention by external compression or direct 
invasion. A retroverted, impacted uterus that occurs in the fi rst 
trimester of pregnancy is associated with urinary retention. 
Gravid females are usually managed with manual dislodging of 
the uterus or a pessary until voiding resumes.1

The most common iatrogenic cause of urinary retention is 
surgical correction of stress urinary incontinence. The published 
incidence ranges from 2.5% to 24%, which may be underesti-
mated. The irritative or obstructive voiding symptoms and recur-
rent urinary tract infections that result may be overlooked if the 
patient demonstrates normal emptying. The placement of sutures 
is the key factor determining a procedure’s likelihood of causing 
obstruction. For example, sutures placed too medially cause ure-
thral deviation or periurethral scarring; those placed too distally 
can cause kinking, leading to stress urinary incontinence; and 
tying sutures too tightly leads to hypersuspension, closing the 
bladder neck.1 Newer mid-urethral slings can cause bladder 
outlet obstruction if the urethra is injured or the tape is placed 
under tension. The diagnosis is made by a patient’s history before 
the procedure, physical examination, VUDS, endoscopy, and 
imaging. Urethrolysis is the treatment of choice. However, several 
studies have not correlated urodynamics and successful voiding 
after urethrolysis.23-25

Other iatrogenic causes of bladder outlet obstruction include 
a history of recurrent urethral dilation and postoperative 
urethral strictures. Urethral dilation leads to postdilatation 
bleeding or urine extravasation into periurethral tissue, causing 
scarring of the urethral wall and periurethral fi brosis.26 This is 
diagnosed with VUDS and managed with transurethral resection 
or incision. Urethral strictures are rare in women, but they 
are seen endoscopically after urethral surgery and prior instru-
mentation. They are usually managed with periodic self-
catheterization, permanent CIC, transurethral incision, or 
urethral reconstruction.1

Dysfunctional voiding and external sphincter spasticity are 
non-neurogenic functional causes of bladder outlet obstruc-
tion. Both conditions have been associated with inappropriate 
electromyographic activity during micturition with decreased 
urinary fl ow27 and with high pressure increases in the urethral 
pressure profi le. Dysfunctional voiding is referred to as pseudo-
dyssynergia (which mimics DESD), because it is a learned be-
havior that can be treated and cured. Treatment combines 
timed voiding, biofeedback, and anticholinergics.1 External 
sphincter spasticity, characterized by “spasticity of the external 
sphincter and pelvic fl oor”28 results from introital or vaginal 
infections, Skene’s gland abscesses, adnexal disease, or cystitis. 
Pudendal nerve block improves voiding. VUDS reveal a bladder 
with intact sensation without the ability to contract due to corti-
cal inhibition from the spastic pelvic fl oor.21 After managing 
painful or infl ammatory lesions, treatment involves phar-
macologic agents, including muscle relaxants and α-blockers. 
α-Blockers relax the bladder neck and urethra and enhance pelvic 
ganglionic transmission, which improves detrusor contraction. 
α-Blockers also treat the urinary retention that develops from 
transient spasticity.1,26,28

Non-neurogenic bladder hypocontractility is associated with 
radiation cystitis, chronic obstruction, and tuberculosis. Irradia-
tion causes fi brosis of the lamina propria and muscular layers, 
leading to muscle cell death. The enlarged intercellular gaps in 
circular and longitudinal muscle fi bers cause spasms and poorly 
coordinated detrusor contractions, with eventual hypocontractil-
ity or arefl exia.29-31 In chronic obstruction, the detrusor develops 
smooth muscle hypertrophy, a reduction in myofi laments, and 
damaged mitochondria within detrusor smooth muscle cells. 
This leads to a progressive decrease in detrusor contractility.32 In 
all of these cases, complete VUDS are required for diagnosis and 
treatment of the urinary retention.

Decreased bladder contractility occurs in the detrusor hyperac-
tivity with impaired contractility syndrome. This was discovered 
in a nursing home population; the women had opposite bladder 
refl ex and contractile functions. Uninhibited contractions em-
ptied less than one half of the bladder. Impaired neuromuscular 
transmission at the detrusor or myopathic processes (e.g., cellular 
degeneration) are proposed causes of the decreased contractil-
ity.33,34 VUDS are essential for diagnosis, with the addition of 
fl uoroscopically monitored synchronous cystosphincterometry to 
rule out other conditions. CIC is the mainstay of therapy.33

When urinary retention occurs with no organic disease but 
with centrally mediated, subconscious inhibition of detrusor con-
traction or sphincter relaxation, it is referred to as psychogenic 
retention. Psychological trauma (e.g., sexual) is one cause. Find-
ings of VUDS are normal except for delayed sensation and a 
large-capacity bladder. It is usually temporary and responds well 
to supportive management. Treatment includes psychiatric 
support and CIC until normal voiding returns. With severe de-
trusor degeneration, some patients become dependent on CIC.35

IDIOPATHIC URINARY RETENTION: 
FOWLER’S SYNDROME

Pathogenesis

Historically, women with chronic, painless bladder distention 
were labeled as having a psychological problem. In 1986, Fowler 
and Kirby36 identifi ed a group of 19 young women with long-
standing urinary retention who had distinctive electromyographic 
activity and impaired urethral relaxation. Electromyography with 
a concentric-needle electrode was used to study the striated 
muscle of the urethral sphincters in these patients. Concentric 
needle electromyography is useful in testing the integrity of the 
motor innervation arising from the S2 to S4 spinal levels and the 
activity associated with urethral sphincter striated muscle impair-
ment. The impairment identifi ed by Fowler and Kirby36 was 
referred to as decelerating bursts and complex repetitive dis-
charges (CRDs). CRDs are caused by direct spread of electrical 
activity form one muscle fi ber to another, producing a low “jitter” 
sound on the audio output of the electromyographic machine. 
The decelerating bursts produce a sound similar to whales singing 
in the ocean, and laboratory research describes patients in reten-
tion with these fi ndings as “whale noise, positive or negative.”37-39 
The bursts of depolarizing activity in the semicircular urethral 
sphincter muscle impair normal relaxation of the muscle. This 
impedes normal bladder emptying, causing an insidious increase 
in residual volumes and bladder distention. The investigators 
noticed the similarity of this electromyographic activity and the 
bizarre, high-frequency discharges associated with reinnerva-
tion.36 However, reinnervation was thought unlikely, because 
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abnormal burst discharges are infrequent in patients with cauda 
equina lesions or Shy-Drager syndrome.40,41

Fowler and colleagues42 further associated these electromyo-
graphic abnormalities with endocrine dysfunction and polycystic 
ovarian disease (PCOD). Thirty-three of 57 women with urinary 
retention or voiding dysfunction had abnormal electromyo-
graphic activity. Sixty-four percent of this group had polycystic 
ovaries, seen on pelvic ultrasound. The other women in the group 
also demonstrated ovarian disturbances (e.g., single or bilateral 
oophorectomy, premature ovarian failure). High concentrations 
of circulating androgens and estrogens and low levels of proges-
terone are seen in women with PCOD. Progesterone stabilizes 
membranes. Progesterone defi ciency in PCOD was hypothesized 
to reduce urethral sphincter muscle membrane stability, enabling 
the establishment of a circuitous excitatory pathway between 
muscle fi bers.42

Concentric needle electromyographic measurements of the 
external urethral sphincter during micturition in women with 
voiding dysfunction and proximal urethral dilation (on VUDS) 
by Deindl and coworkers43 confi rmed the correlation between 
abnormal bursts of CRD and poor urinary stream. This provided 
support for the association between sphincter electromyographic 
overactivity and impaired relaxation.44 A signifi cant number of 
women with voiding dysfunction also have symptoms of fecal 
incontinence. Webb and colleagues45 described the dysfunction 
of the urethral sphincter in idiopathic urinary retention as part 
of a more widespread disorder of the entire pelvic fl oor. All of 
the women studied had undergone urethral dilation in the past 
and were performing CIC. Similar abnormalities in the urethral 
and anal sphincters were seen, including polyphasic and abnor-
mally long duration of potentials and CRD.45 Anatomically, the 
striated sphincter muscle of the urethra and the anal sphincter 
receive their nerve supply through the pudendal nerve from the 
sacral plexus, explaining the correlation in electromyographic 
abnormalities.46

Clinical Presentation

Using a survey questionnaire, Swinn and associates2 described the 
typical profi le of a woman with idiopathic urinary retention. Of 
91 women who completed the survey, the mean age at retention 
onset was 27.7 years (range, 10 to 50 years), with a mean maximal 
bladder capacity of 1208 mL at the initial episode of retention. 
Thirty-fi ve percent of these women developed retention sponta-
neously, 43% developed retention after a surgical procedure 
(usually gynecologic), and in 15%, childbirth was the preceding 
event. Eighty-six (94%) of the 91 women performed CIC, with 
69% complaining of diffi culty passing the catheter because of 
“something gripping” it. Fifty percent of the study group had 
PCOD. Voiding spontaneously returned in 38 patients. Sacral 
neuromodulation was the only therapy that restored function in 
the other 53 patients.2

Diagnosis

There are no universally accepted criteria for diagnosing bladder 
outlet obstruction in women. Many investigators47-51 have pro-
posed urodynamic criteria for classifi cation of bladder outlet 
obstruction, attempting to identify cutoffs for maximal fl ow rate, 
maximal detrusor pressure, and PVR volumes. Consistently, the 
absolute values were not as dramatic as seen in men, and diag-
nosis relied on imaging of the bladder outlet during micturi-

tion.47-51 Based on the criteria used to evaluate bladder outlet 
obstruction, women with idiopathic retention are within the 
mildly obstructed range. VUDS in these patients typically show 
a prolonged fi lling phase and large bladder capacity, with reduced 
sensations of fi lling and limited detrusor pressure rise during 
the voiding phase. However, there are no defi nite urodynamic 
criteria to diagnose idiopathic retention in women. The basis for 
diagnosis remains a typical history and the abnormalities of the 
sphincter electromyographic activity as described earlier.52,53

Other ancillary indicators used in the diagnosis of idiopathic 
retention include urethral pressures and urethral sphincter 
volumes. Urethral pressure measurements have been used for 
almost a century to assess urethral closure function,54 represent-
ing the urethra’s ability to leak. Urethral pressures are criticized 
for not being a “real physical pressure” in a fl uid, based on 
Griffi ths’ defi nition of urethral pressure as the fl uid pressure 
needed to open a closed (collapsed) tube.55,56 Measurement 
of urethral pressure (UPM) requires introduction of a Foley 
catheter, which introduces a nonzero cross-sectional area (zero 
cross-sectional area when urethra collapses) and changes the 
shape of the urethral lumen.57 Historically, these measurements 
have not been standardized and fl uctuate based on catheter type, 
cross section of the probe, patient position, and bladder fi lling 
pressures. The standard parameters do not discriminate between 
voiding dysfunctions, identify underlying pathophysiology, 
return to normal after surgery (as seen after incontinence proce-
dures), or provide a reliable indicator of surgical success. UPM 
is useful in identifying strictures or diverticula and targeting 
interventions (e.g., low-pressure urethra).55 In 2002, The Stan-
dardisation Sub-committee of the International Continence 
Society attempted to defi ne UPM and recommend standards for 
measurement.57

The abnormal, myotonia-like electromyographic activity seen 
in women with idiopathic retention is theoretically expected to 
increase the bulk of urethral sphincter muscle by work-induced 
hypertrophy. Transvaginal or transrectal ultrasound (TRUS) 
has been used to image bladder outlet obstruction and identify 
pelvic pathology.58,59 Later, MRI was used for the diagnosis of 
female urethral pathology.60 Noble and associates61. used TRUS 
to compare urethral sphincter volumes in women with obstructed 
voiding with age-matched controls. The volume of the urethral 
sphincter in obstructed women was more than 2 cm3 greater 
(P < .001) than in the control group. TRUS was unable to visualize 
the three layers of the urethral sphincter, which is elucidated 
better with MRI.61 Wiseman and colleagues.62 evaluated urethral 
closure pressure and sphincter volume transvaginally in women 
with electromyographic abnormalities and idiopathic urinary 
retention. The maximum urethral closure pressure and ultra-
sound volume were signifi cantly higher in the group with electro-
myographic abnormalities.62 These studies support the concept of 
sphincter electromyographic overactivity producing sphincteric 
hypertrophy. These assessments may be improved with the use of 
MRI instead of ultrasound for volume measurement.53

Treatment

All management strategies are directed at successful bladder 
emptying. Successful treatment abolishes the myotonia-like elec-
tromyographic activity and improves urethral relaxation. CIC, 
rather than indwelling or suprapubic cystotomy, is traditionally 
the option given to many women with idiopathic retention. 
Other medical and surgical options, such as oral agents, urethral 
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botulinum toxin, sacral neuromodulation, and biofeedback, have 
been used. The only treatment that has conclusively restored 
voiding is sacral neuromodulation.53

Oral Agents
There are limited data on the use of oral agents, such as α-
blockers or β-agonists, in the treatment of functional bladder 
neck obstruction. In a study of 24 women with retention treated 
with α-blockers and initial CIC, only 50% had a signifi cantly 
sustained improvement in PVR and peak fl ow. The group that 
failed α-blocker treatment returned to CIC or had a bladder neck 
incision.63

The effects of tamsulosin on urethral pressures in healthy 
women were studied at rest and after sacral magnetic stimulation. 
Tamsulosin did signifi cantly reduce the mean and maximal ure-
thral pressures acquired in all three segments (i.e., proximal, 
middle and distal) of the urethra. The amplitude of urethral 
contractions after sacral magnetic stimulation was unchanged 
after tamsulosin. These results may support tamsulosin’s use in 
female retention from an overactive or nonrelaxing urethra.64

Bethanechol has been used as treatment for retention caused 
by detrusor acontractility, but it has not been used in women 
with sphincteric overactivity.65 Its treatment value is therefore 
unknown.

Botulinum A Toxin
There has been mixed success with the use of botulinum toxin in 
treating chronic urinary retention in women. Botulinum A toxin 
is an inhibitor of acetylcholine release at the presynaptic neuro-
muscular junction, which decreases regional muscle contractility 
and causes muscle atrophy at the site of injection.66,67 Fowler and 
coworkers68 evaluated six women with a characteristic pattern of 
electromyographic activity by injecting botulinum toxin into 
each of their striated urethral sphincters. Three of the six women 
experienced stress incontinence for 10 days, and three had no 
change. Although the botulinum toxin did not have a benefi cial 
effect, the result of stress incontinence did ensure that suffi cient 
botulinum was given to weaken the striated sphincter muscle. 
This supported the hypothesis that abnormal sphincteric activity 
results from an “ephaptic transmission of impulses between 
muscle fi bers” and not repetitive fi ring of reinnervated motor 
units.68

Phelan and colleagues66 were the fi rst to report successful out-
comes with botulinum A injections in women and in non-
neurogenic voiding dysfunction. They studied 21 patients (13 
women) with impaired bladder emptying who were dependent 
on catheterization. All except one were able to void spontane-
ously after an injection of 80 to 100 units of botulinum toxin.66 
This denervation by botulinum is reversible because new axons 
sprout in 3 to 6 months.69 Patients had repeat injections at inter-
vals consistent with this regrowth. In some cases, the injection 
had clinical effi cacy beyond 6 months, suggesting neural plastic-
ity or altered neuromuscular junction dynamics.66 Kuo and asso-
ciates70 repeated this study in 20 patients with urinary retention 
or dysuria due to detrusor hypocontractility and nonrelaxing 
urethral sphincter who were refractory to conservative therapy. 
This study clearly showed that botulinum toxin is effective in 
decreasing urethral sphincter resistance and improving voiding 
effi ciency in patients with various type of lower urinary tract 
dysfunction.70 Botulinum A toxin injections do have therapeutic 
value in urethral spasticity, but larger, controlled trials are neces-
sary to establish their role.71

Tanagho and Schmidt72 are responsible for the fi rst im-
plantable sacral nerve stimulators (SNSs). The effects of SNSs 
depend on the electrical stimulation of somatic afferent axons 
in spinal roots, which modulate voiding and continence refl ex 
pathways in the central nervous system. In urinary retention, 
SNSs are responsible for turning off excitatory outfl ow to the 
urethral outlet, which promotes bladder emptying.73 Tradition-
ally, a test percutaneous nerve evaluation is performed under 
local anesthesia by inserting a stimulating electrode through the 
S3 foramen. This lead is left in place for 4 to 7 days, during which 
a voiding diary is kept. If the patient has a more than 50% 
improvement in voiding function, the implant is considered 
effective, and a permanent implantable pulse generator (IPG) is 
placed.

Recognized complications of neuromodulation include lead 
migration, pain at the IPG box site or ipsilateral leg, infection, 
and lack of effi cacy.53 To improve the effi cacy of chronic sacral 
neuromodulation, the placement of bilateral SNSs has been 
proposed. Scheepens and colleagues74 compared unilateral with 
bilateral SNSs in a series of women with urinary retention and 
found no signifi cant differences, except for two patients 
with complete obstruction, who voided only with bilateral 
stimulation.

Sacral Neuromodulation
Sacral neuromodulation has been shown in many studies to 
restore voiding function in women with urinary retention. The 
results of peripheral nerve evaluation testing in 34 patients with 
Fowler’s syndrome revealed an overall success rate of 68%. This 
compares favorably with a reported success rate of 30% to 50% 
for the period of trial stimulation of all lower urinary tract 
dysfunctions.75 Shaker and Hassouna76 treated 20 patients (19 
women) with idiopathic, nonobstructing, chronic urinary reten-
tion dependent on CIC who had at least a 50% improvement on 
percutaneous nerve evaluation screening. These patients were 
followed for a mean of 15.2 months and had signifi cant improve-
ment in voiding function, pelvic pain, and sensation of emptiness 
after voiding. The study authors emphasize that the lack of 
change in cystometrography after SNS implantation indicates 
that the cause of the problem is not the bladder but the pelvic 
fl oor musculature.76

Investigators have reported good results after SNS when there 
are pelvic fl oor electromyographic activity abnormalities. Their 
explanation is that patients with chronic urinary retention fail to 
identify their pelvic fl oor muscles and are incapable of relaxing 
the pelvic fl oor to initiate the voiding refl ex. The permanent 
contraction of the pelvic fl oor is thought responsible for detrusor 
inhibition. Neuromodulation provides increased awareness of 
the pelvic fl oor and allows relaxation of the hypertonic pelvic 
fl oor musculature. The mechanism involves sacral stimulation of 
presynaptic inhibition of afferents to the spastic muscle motor 
neurons at the level of the dorsal column.77-80

A prospective, randomized, multicenter trial enrolled 177 
patients with urinary retention (74% were female), with a follow-
up of 18 months. Sixty-eight of these women qualifi ed for an IPG 
and were divided into treatment and control groups. At 6 months, 
83% of the implant groups had successful results, compared with 
9% of the controls. Temporary inactivation of the SNS resulted 
in a signifi cant increase in the PVR volume. This supports the 
idea that the SNS does not cure the underlying mechanism of 
urinary retention, but instead controls aberrant dysfunctional 
refl exes causing voiding dysfunction.77,81
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Dasgupta and colleagues82 provided long-term results of SNSs 
in women with Fowler’s syndrome. This retrospective study 
included 26 women who were followed for more than 6 years. 
Seventy-seven percent were voiding successfully more than 5 
years postoperatively; 54% required revision surgery. The lon-
gevity of an IPG battery is 7 to 10 years. This study supported the 
effectiveness of SNSs for at least 5 years after implantation.82

Behavioral Treatment and Biofeedback
Behavioral and biofeedback treatments are safe, noninvasive, and 
effective interventions that are useful in the management of idio-
pathic urinary retention. Behavioral changes enlighten patients 
about their fl uid intake and voiding behavior. Biofeedback 
involves surface or internal (vaginal or rectal) electrodes that 
transduce muscle potentials into auditory or visual signals. This 
helps the patient learn to increase or decrease voluntary muscle 
activity.83

CONCLUSIONS

There are many neurogenic and non-neurogenic causes of urinary 
retention in the female patient. Idiopathic urinary retention and 
Fowler’s syndrome should be considered in any young female 
with insidious, painless retention and urethral sphincter overac-
tivity identifi ed on electromyography. The diagnosis combines a 
thorough history with abnormal electromyographic and urody-
namic fi ndings. Sacral neuromodulation offers the best option in 
restoring voiding function. Although the exact mechanism of 
action of sacral stimulation is not established, evidence supports 
action through the afferent pathways. Other accessory treatment 
options, such as botulinum and tamsulosin, have some therapeu-
tic merits, but they require larger, long-term, case-controlled 
studies in women with urethral overactivity. Behavioral modifi -
cation and biofeedback are safe and effective and should be con-
sidered as fi rst-line treatment for voiding dysfunction.
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Chapter 17

CLINICAL DIAGNOSIS OF OVERACTIVE 
BLADDER
Samih Al-Hayek and Paul Abrams

TERMINOLOGY

Overactive bladder (OAB) is a newly described condition. It was 
probably fi rst alluded to by Dudley in 1905 when he distin-
guished between active and passive incontinence due to sphincter 
weakness.1 In 1917, Taylor and Watt reported the importance of 
urgency, as a symptom, during history taking, to distinguish 
incontinence with and without urgency.2 Bates and colleagues 
introduced the term unstable bladder in 1970 when they used 
cinecysturethrography to investigate urge incontinence.3

The International Continence Society (ICS) established a 
committee for the standardization of terminology of lower 
urinary tract function to facilitate comparison of results and 
enable effective communication by investigators. Since 1976, a 
large number of standardization reports have been published, the 
latest in 2002.4-19

In 2002, the ICS subcommittee restated the principle of 
describing any lower urinary tract dysfunction from four aspects: 
as a symptom (taken by detailed history), a sign (physical exami-
nation and bedside tests), a condition, and a urodynamic obser-
vation in addition to the terminology related to therapies.1

The lower urinary tract is composed of the bladder and the 
urethra. When reference is made to the whole anatomic organ, 
“vesica urinaria,” the correct term is bladder. When the smooth 
muscle structure known as the “m. detrusor urinae” is being 
discussed, the correct term is detrusor.

OAB was defi ned by the ICS in 2002 as urgency, with or 
without urge incontinence, usually with frequency and nocturia, 
in the absence of local pathologic or endocrine factors.

The OAB term was introduced for use in a consensus confer-
ence in 1996, as an alternative to “unstable bladder.” It was 
believed that the term “overactive bladder” would facilitate com-
munication between patients and health care staff.

OAB symptoms are part of the storage symptoms that are 
experienced during the storage phase of the bladder and include 
the following:

■ Urgency is the complaint of a sudden compelling desire to 
pass urine that is diffi cult to defer.

■ Increased daytime frequency is the complaint by the patient 
who considers that she voids too often by day. This term 
is equivalent to “pollakisuria,” a term used in many 
countries.

■ Nocturia is the complaint that the patient has to wake at 
night one or more times to void. The term nighttime fre-
quency differs from nocturia, because it includes voids that 
occur after the patient has gone to bed but before he or she 
has gone to sleep, as well as voids that occur in the early 
morning and prevent the patient from getting back to sleep 
as he or she wishes. These voids before and after sleep may 

need to be considered in research studies (e.g., nocturnal 
polyuria). If this defi nition were used, then an adapted 
defi nition of daytime frequency would need to be used 
with it.

■ Urinary incontinence (UI) is the complaint of any involun-
tary leakage of urine. In each specifi c circumstance, UI 
should be further described by specifying relevant factors 
such as type, frequency, severity, precipitating factors, 
social impact, effect on hygiene and quality of life, mea-
sures used to contain the leakage, and whether the patient 
seeks or desires help because of UI. Urinary leakage may 
need to be distinguished from sweating or vaginal 
discharge.

■ Urgency urinary incontinence (UUI) is the complaint of 
involuntary leakage accompanied by or immediately pre-
ceded by urgency. UUI can manifest in various symptom-
atic forms; for example, as frequent small losses between 
micturitions or as a catastrophic leak with complete bladder 
emptying.

These symptom combinations of OAB are suggestive of detru-
sor overactivity (DO), a urodynamic diagnosis, which is charac-
terized by involuntary detrusor contractions during bladder 
fi lling; it may be spontaneous or provoked. Figure 17-1 repre-
sents the relationships among OAB, UUI, and DO.

EPIDEMIOLOGY

Until recently, most studies have looked at the prevalence of UI; 
as a result, prevalence data on OAB are lacking. The other diffi -
culty in estimating the scale of the problem is the variation among 
studies in defi nitions used, methods of collecting data, and popu-
lations studied.

Almost all surveys on UI concluded that stress urinary incon-
tinence (SUI) is the most common type of UI in women. In the 
large Epidemiology of Incontinence in the County of Nord-
Trondelag (EPINCONT) study, 50% of the incontinent women 
had SUI, 36% had mixed urinary incontinence (MUI), and 11% 
had UUI.20 The recent literature review by Minassian and col-
leagues reported similar prevalence rates for the various types of 
UI.21 The survey carried out by Diokno and associates22 showed 
that symptoms of MUI were most frequently reported; however, 
this study differed from the others in that only elderly people 
were assessed.

The results of these studies were based on symptoms only; if 
urodynamics had been used to confi rm the diagnosis, the results 
might have been different. In one study with 863 women, most 
of the subjects with symptoms of MUI were diagnosed to have 
pure SUI (42%) during urodynamic testing.23 Weidner and 
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Sanvik and their colleagues showed similar results.24,25 This rein-
forces the fact that SUI is the major type of UI in women.

A large population-based survey that was conducted in France, 
Germany, Italy, Spain, Sweden, and the United Kingdom defi ned 
OAB as the presence of chronic frequency, urgency, and urge 
incontinence (either alone or in any combination). This defi ni-
tion is somewhat different from the new ICS defi nition, which 
uses urgency as the cornerstone of the diagnosis. The authors 
reported that the overall prevalence of OAB symptoms in sub-
jects aged 40 years or older was 16.6%. Frequency (85%) was the 
most commonly reported symptom, followed by urgency (54%) 
and urge incontinence (36%). The prevalence of OAB symptoms 
increased with advancing age. Overall, 60% of respondents with 
symptoms had consulted a doctor, but only 27% were currently 
receiving treatment.26

The National Overactive Bladder Evaluation (NOBLE) 
Program that was undertaken in the United States used the new 
ICS defi nition from 2002 in a clinically validated interview and 
a follow-up nested study. A sample of 5204 adults aged 18 years 
or older was studied. The overall prevalence of OAB was similar 
between men (16.0%) and women (16.9%), but sex-specifi c 
prevalence differed substantially by severity of symptoms: 55% 
of the women with OAB symptoms had OAB associated with 
urge incontinence (“wet OAB”), and the rest had OAB without 
incontinence (“dry OAB”). In women, prevalence of urge incon-
tinence increased with age, from 2.0% among those 18 to 24 years 
of age to 19% among those 65 to 74 years of age, with a marked 
increase after 44 years of age. However, the dry OAB tended to 
have gradual increase before 44 years of age and reached a plateau 
at that point. The prevalence of urge incontinence increased in 
relation to increased body mass index across all age groups. Dry 
OAB was more common in men than in women.

The NOBLE study does not support the commonly held 
notion that women are considerably more likely than men to 
have urgency-related symptoms. However, sex-specifi c anatomic 
differences may increase the probability that OAB is expressed as 
urge incontinence among women compared with men.27 The 

prevalence of OAB among women in this study was higher 
than what was reported by Milsom26 but similar to the prevalence 
of UI reported by Simeonova28 and by Samuelsson (20- to 
59-year-olds).29

Not all studies distinguish wet from dry OAB. On average, 
urgency without UI appears to be as common as urgency with 
UI (Table 17-1).

EVALUATION

History

Because OAB is a symptomatic diagnosis, history plays an impor-
tant part in assessing the patient. The purpose of the clinical 
history is to have an empiric diagnosis, to exclude other causes 
for the patient’s symptoms, and to assess the effects of the problem 
on the patient’s daily activities that would help in deciding the 
treatment strategy. Excluding secondary causes is important; 
these include diabetes, congestive heart failure, bladder cancer, 
urinary tract infection (UTI), medications, and pregnancy or 
recent birth.

Questions should include details of the following:

■ Nature and duration of symptoms
■ Which symptoms are most bothersome
■ Current management, including pad usage
■ Previous medical or surgical treatment for the condition
■ History of radiation exposure
■ Environmental issues
■ Patient mobility
■ Mental status
■ Other disease status, especially neurologic conditions 

(stoke, trauma)
■ Patient medication
■ Sexual function
■ Bowel function, bearing in mind that irritable bowel syn-

drome may be associated with OAB35

Figure 17-1 The relationships among symptoms of overactive bladder (OAB), urgency urinary incontinence (UUI), and detrusor overactivity 
(DO).
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■ Gynecologic and obstetric history, especially pelvic organ 
prolapse

■ The effect of the condition on daily activity (social restric-
tion, reduced physical activities)

■ Patient’s goals or expectations of treatment
■ Patient’s fi tness for possible surgical procedures
■ For a complicated history, other symptoms, such as the 

presence of pain or hematuria

Quantifi cation of Symptoms

Questionnaires
Taking a detailed history from the patient depends to a great 
deal on the physician’s skills. The questions, and the aspects 
tackled, are different for each clinician. Another issue is the 
embarrassment of the patient, which can lead her to avoid talking 
about some or all of her symptoms. In addition, clinicians tend 
to rate the patient’s quality of life lower than the patients 
themselves do.36 For all of these reasons, patient-completed ques-
tionnaires were developed. They provide details regarding the 
presence of symptoms, their frequency, their severity, and the 
bother caused to the patient. Questionnaires also assess quality 
of life in general and in relation to the symptoms. In theory, 
validated questionnaires can be used for making the diagnosis, as 
a tool in prevalence studies, and to measure the outcome of 
treatment.

Several questionnaires have been developed to assess UI. The 
modular International Consultation on Incontinence Question-
naire (ICIQ) has been validated and includes modules for lower 
urinary tract symptoms (LUTS) as well as OAB.37 ICIQ-OAB is 
a short form based on the Bristol Female Lower Urinary Tract 
Symptoms Questionnaire (BFLUTS) and should be a helpful 
tool in assessing these patients (Box 17-1).38,39 The full list of 
ICI questionnaires may be found by visiting the web site, 
www.iciq.net.

Fluid Input/Output Charts
Asking the patient to record each micturition for a period of days 
provides valuable information. For some women, it may be ther-
apeutic, because it provides them with insight into their bladder 
behavior. Micturition events can be recorded in three main 
forms:

■ Micturition time chart: records only the times of micturi-
tions, day and night, for at least 24 hours.

■ Frequency-volume chart (FVC): records the volumes voided 
as well as the time of each micturition, day and night, for 
at least 24 hours.

■ Bladder diary: records the times of micturitions and voided 
volumes, incontinence episodes, pad usage, and other 
information such as fl uid intake, degree of urgency, and 
degree of incontinence.

It is useful to ask the patient to make an estimate of liquid 
intake in a 24-hour period. Consumption of signifi cant quanti-
ties of water-containing foods (vegetables, fruit, and salads) 
should be taken into account. The time at which any diuretic 
therapy is taken should be marked on the chart or diary.

The following measurements can be abstracted from FVCs 
and bladder diaries using the 2002 ICS defi nitions40:

■ Daytime frequency is the number of voids recorded during 
waking hours and includes the last void before sleep and 
the fi rst void after waking and rising in the morning.

■ Nocturia is the number of voids recorded during a night’s 
sleep: each void is preceded and followed by sleep.

■ 24-Hour frequency is the total number of daytime voids and 
episodes of nocturia during a specifi ed 24-hour period.

■ 24-Hour production is measured by collecting all urine for 
24 hours. This is usually commenced after the fi rst void 
produced after rising in the morning and is completed by 
including the fi rst void produced after rising the following 
morning. Polyuria is defi ned as the measured production 
of more than 2.8 L of urine in 24 hours in adults. It may 
be useful to look at output over shorter time frames.41

Table 17-1 Prevalence of Urgency and Urgency Urinary Incontinence (UUI) in Community-Dwelling Women*

First Author and Ref. No. Year Age (yr) Sample size
Defi nition of 
urgency or UUI

Prevalence of 
urgency (%)

Prevalence of 
UUI (%) Ratio†

Swithinbank30 1999 19+  2,075 Any 61 46 1.3
Lapitan31 2001 18+  5,502 Any 35 11 3.2
Milsom26 2001 40+ 16,776 Current 54 36 1.5
Van Der Vaart32 2002 20-45  1,393 Any 45 15 3.0
Chen33 2003 20+  1,253 Any 13  9 1.4

*There are few data on the incidence of new cases of overactive bladder (OAB), the incidence of new cases of detrusor overactivity (DO), or the natural 
history of established cases of OAB or DO (or the combination of both).
†Overall median: 2.1.
From Hunskaar H, Burgio K, Diakno AC, et al: Epidemiology and natural history of urinary incontinence. In Abrams P, Cardozo L, Khoury S, Wein A 
(eds): Incontinence. Plymouth, UK, Health Publication Ltd., 2002, pp 515-551.

Do you have to rush to the toilet to urinate?
Does urine leak before you can get to the toilet?
How often do you pass urine during the day?
During the night, on average, how many times do you have 

to get up to urinate?
Do you have a sudden need to rush to the toilet to urinate?
Does urine leak after you feel a sudden need to go to the 

toilet?

Box 17-1 Questions Included in the 
 International Consultation on 
 Incontinence Modular Questionnaire 
 on Overactive Bladder
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■ Nocturnal urine volume is defi ned as the total volume of 
urine passed between the time the patient goes to bed with 
the intention of sleeping and the time of waking with the 
intention of rising. Therefore, it excludes the last void 
before going to bed but includes the fi rst void after rising 
in the morning. Nocturnal polyuria is present when an 
increased proportion of the 24-hour output occurs at night 
(normally during the 8 hours while the patient is in bed). 
The nighttime urine output excludes the last void before 
sleep but includes the fi rst void of the morning. The normal 
range of nocturnal urine production differs with age, and 
the normal ranges remain to be defi ned. Therefore, noc-
turnal polyuria is present when greater than 20% (young 
adults) to 33% (>65 years) is produced at night. Hence, 
the precise defi nition is dependent on age.

■ Maximum voided volume is the largest volume of urine 
voided during a single micturition and is determined from 
the FVC or bladder diary. The term “functional bladder 
capacity” is no longer recommended by the ICS, because 
“voided volume” is a clearer and less confusing term, par-
ticularly if qualifi ed (e.g., “maximum voided volume”). If 
the term “bladder capacity” is used, in any situation, it 
implies that this has been measured in some way, if only 
by abdominal ultrasonography. In adults, voided volumes 
vary considerably.

In OAB /DO, the patient has reduced variable volumes of 
urine during the day. The nighttime volumes and the fi rst void 
on waking in the morning are often larger and of normal 
quantity.42

In a recent study, the authors correlated the patients’ symp-
toms of frequency, urgency, nocturia, and urge incontinence 
with the parameters on the bladder diary. They found that fre-
quency and urgency symptoms were associated with a higher 
24-hour frequency, lower maximum volume voided, and lower 
mean voided volume.43,44

There has been wide variation in the number of days over 
which the patient is complete a bladder diary, ranging from 1 day 
to 2 weeks, with 7 days probably being the previous “gold stan-
dard.” A recent study by Schick and coworkers indicated that a 
4-day chart in women is as reliable as a 7-day chart. They sug-
gested that a 4 day chart optimizes patients’ compliance without 
compromising the diagnostic value of the FVC.43

It is advised that a simple FVC with the additional recording 
of incontinent episodes, pad usage, and overall assessment of 
fl uid intake be used for routine clinical use. In a research setting, 
urinary diaries may add signifi cant additional information, 
allowing a more complete evaluation of novel therapies.45

Quality of Life Assessment

Severe OAB is a disabling condition that may render the patient 
housebound to avoid the embarrassment of leakage episodes. 
Assessing the severity and the impact of the symptoms on the 
patient’s daily activity is an essential part of evaluating these 
patients. OAB symptoms can have an effect on the psychological, 
occupational, and sexual function of the patient.46 In the 
study by Milsolm and colleagues, 67% of women with OAB 
reported that their symptoms had a deleterious effect on daily 
living.26 The OABqol is a quality-of-life questionnaire that is 
specifi cally designed to assess the effect of OAB on the patients’ 
life.47

Physical Examination

In addition to the general examination, there are a number of 
other essential components in the examination of patients with 
OAB:

Abdominal examination after voiding in an effort to detect a 
palpable bladder or abnormal masses.

Focused neurologic  examination, in particular of the lower 
limbs, looking for any focal signs that might suggest a neu-
rologic cause for OAB. Patients with a history suggestive of 
possible neurogenic OAB require a more extensive neuro-
logic examination.

Rectal examination to assess anal tone, pelvic fl oor function, 
and the consistency of stool as a sign of constipation.

External genitalia and perineal examination allows inspection 
of the skin (e.g., atrophy, excoriation) or any abnormal 
anatomic features. In addition, the area should be tested for 
normal sensation

Vaginal examination to assess pelvic organ prolapse, with the 
patient bearing down, and pelvic fl oor function as described 
in the ICS report on Pelvic Organ Prolapse.48 Pelvic fl oor 
muscle function can be qualitatively defi ned by the tone at 
rest and the strength of a voluntary or refl ex contraction 
(strong, weak, or absent) or by a validated grading system 
(e.g., modifi ed Oxford scale).49 A pelvic muscle contraction 
may be assessed by visual inspection, palpation, electromy-
ography, or perineometry. Factors to be assessed include 
strength, duration, displacement, and repeatability. Changes 
due to lack of estrogen should also be noted

Simple Investigations

Urinalysis
Because UTI is a readily detected and easily treatable cause of 
LUTS, urine testing is highly recommended. Patients with UTI 
often suffer from frequency and have urgency to pass urine, with 
nocturia and sometimes urge incontinence that mimics OAB. 
Therefore, all patients with OAB should have their urine tested 
to exclude UTI. Testing may range from examination of urine in 
a clear glass container, to dipstick testing, to urine microscopy.

Estimation of Postvoid Residual Urine
In patients with suspected voiding dysfunction, the postvoid 
residual urine (PVR) estimation is part of the initial assessment. 
The result is likely to infl uence management; for example, in 
patients with neurologic disorders. PVR can be estimated by 
noninvasive methods such as the standard ultrasound scan or 
hand-held bladder scan, or invasively with the use of a urethral 
catheter; the latter method has the advantage of taking a clean 
specimen of urine for microbiologic testing.

Urinary Tract Imaging

Routine imaging of the urinary tract in patients with OAB symp-
toms is not recommended. However, if the history or the initial 
assessment indicate a complex problem or is suspicious for an 
associated pathology, then imaging could be used to exclude it. 
To start with, an ultrasound scan or plain radiographic study 
should be used.

Imaging of the lower urinary tract is recommended in those 
women with suspected lower tract or pelvic pathology (e.g., 
bladder stone, pelvic mass).
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Imaging of the upper urinary tract is recommended only in 
specifi c situations, including

■ Neurogenic UI (e.g., myelodysplasia, spinal cord trauma)
■ Incontinence associated with signifi cant PVR
■ Coexistent loin or kidney pain
■ Severe pelvic organ prolapse, not being treated
■ Suspected extraurethral UI
■ Hematuria

Invasive Investigations

Invasive investigations are used only after the initial workup has 
failed to make the diagnosis.

Endoscopy
Flexible or rigid cystoscopy has a limited role in patients with 
pure symptoms of OAB unless other pathology is suspected. 
Hence, endoscopy is recommended in the following situations:

■ When initial testing suggests other pathologies, such as 
microscopic hematuria (possibility of bladder tumor)

■ When pain or discomfort occurs in a patient with OAB 
(suggesting a possible intravesical lesion)

Urodynamics
There is some controversy in regard to the use of urodynamic 
testing in patients with LUTS, particularly those with OAB, based 
on several issues:

■ Urodynamics is an invasive test with possible side effects, 
mainly UTI.

■ The test is uncomfortable and could be embarrassing for 
the patient.

■ The test has a considerable false-negative rate.

Urodynamic evaluation is recommended in the following 
situations:

■ Before invasive treatments
■ After treatment failure
■ As part of a long-term surveillance program in neurogenic 

OAB
■ In "complicated incontinence"

The aims of routine urodynamic evaluation are

■ The detection of detrusor overactivity
■ The assessment of urethral competence during fi lling
■ The determination of detrusor function during voiding
■ The assessment of outlet function during voiding
■ The measurement of residual urine

It is recommended that routine urodynamic evaluation should 
consist of

■ Filling cystometry (with provocation, and tailored to the 
individual patient’s requirements)

■ Voiding cystometry

The symptom combinations of OAB are suggestive of urody-
namically demonstrable DO, which is characterized by involun-
tary detrusor contractions during bladder fi lling that may be 
spontaneous or provoked. Provocative maneuvers are defi ned as 
techniques used during urodynamics in an effort to provoke 
detrusor overactivity, such as rapid fi lling, use of cooled or acid 
medium, postural changes, and hand washing.

DO incontinence is incontinence caused by an involuntary 
detrusor contraction. In a patient with normal sensation, urgency 
is likely to be experienced just before the leakage episode. ICS 
recommends that the terms “motor urge incontinence” and 
“refl ex incontinence” should no longer be used, because they 
have no intuitive meaning and are often misused.

In everyday life, the patient attempts to inhibit detrusor activ-
ity until he or she is in a position to void. Normally, after the 
aims of the fi lling study have been achieved and the patient has 
a desire to void, the “permission to void” is given. That moment 
is indicated on the urodynamic trace, and all detrusor activity 
before this point of “permission” is defi ned as “involuntary 
detrusor activity.”40

Normal detrusor function allows bladder fi lling with little or 
no change in pressure. No involuntary phasic contractions occur 
despite provocation. There is no lower limit for the amplitude of 
an involuntary detrusor contraction, but confi dent interpreta-
tion of low-pressure waves (amplitude <5 cm H2O) depends on 
“high-quality” urodynamic technique. The phrase “which the 
patient cannot completely suppress” has been deleted from the 
old defi nition.

Classifi cation of Detrusor Overactivity
DO can be phasic or terminal, idiopathic or neurogenic, 
symptomatic or asymptomatic. There are certain patterns 
of DO:

■ Phasic DO is defi ned by a characteristic wave form and may 
or may not lead to UI. Phasic detrusor contractions are not 
always accompanied by any sensation, or they may be 
interpreted as a fi rst sensation of bladder fi lling or as a 
normal desire to void.

■ Terminal DO is defi ned as a single, involuntary detrusor 
contraction, occurring at cystometric capacity, that cannot 
be suppressed and results in incontinence, usually leading 
to bladder emptying (voiding). This is a new ICS term; it 
is typically associated with reduced bladder sensation; for 
example, in the elderly stroke patient, when urgency may 
be felt as the voiding contraction occurs. However, in 
patients with complete spinal cord injury, there may be no 
sensation whatsoever.

DO may also be qualifi ed, when possible, according to 
cause:

■ Neurogenic DO is the term used when there is a relevant 
neurologic condition; it replaces the term “detrusor 
hyperrefl exia.”

■ Idiopathic DO is the term used when there is no defi ned 
cause; it replaces the term “detrusor instability.”

The terms “detrusor instability” and “detrusor hyperrefl exia” 
were both used as generic terms, in the English speaking world 
and in Scandinavia, before the fi rst ICS report in 1976. As a 
compromise, they were allocated to idiopathic and neurogenic 
overactivity, respectively. Because there is no real logic or intui-
tive meaning to the terms, the ICS believes they should be 
abandoned.

Other patterns of DO are seen, such as the combination 
of phasic and terminal DO and the sustained high-pressure 
detrusor contractions seen in patients with spinal cord 
injury when attempted voiding occurs against a dyssynergic 
sphincter.
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202 Section 4 OVERACTIVE BLADDER

CONCLUSIONS

Patients with OAB symptoms should be assessed systematically, 
should be investigated according to treatment intentions, and 

should have high-quality urodynamic studies performed if the 
diagnosis is obscure or if invasive treatment is contemplated, but 
only after a full basic assessment.
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Chapter 18

PATHOPHYSIOLOGY OF OVERACTIVE 
BLADDER
William D. Steers and Adam P. Klausner

The term overactive bladder (OAB) refers to the symptom 
complex of urgency, usually with frequency, and nocturia, with 
or without urge urinary incontinence. However, this defi nition, 
supported by the International Continence Society subcommit-
tee on terminology,1 is based on expert opinion and fails to 
account for causation or pathophysiology. Initially limited to the 
idiopathic condition, the term OAB has been used to describe the 
described constellation of symptoms regardless of their etiology. 
The term has gained widespread acceptance by the nonmedical 
community as well as health care professionals. Furthermore, 
there has been a dramatic increase in awareness of OAB because 
of marketing strategies focused on patient-directed advertising 
of pharmaceutical products. This chapter reviews the causes of 
OAB and describes possible linkages with other conditions that 
may provide insight into its pathogenesis. By shedding light 
on the pathophysiology of OAB, we hope to highlight new 
targets for therapeutic intervention and directions for further 
investigation.

The bladder functions as a cohesive unit for the purpose of 
urine storage and elimination. Several disparate elements con-
tribute in concert to yield normal bladder function. These ele-
ments include the detrusor muscle, the urothelium, the vascular 
supply, interstitial cells, and innervation. A balance between these 
elements is requisite for normal bladder function. General factors 
such as mechanical obstruction, infl ammation, injury, and the 
psychological state of the host can alter this balance and lead to 
OAB (Fig. 18-1). Specifi c etiologic entities of known importance 
in the pathophysiology of OAB, such as urinary tract infections, 
interstitial cystitis, benign prostatic obstruction, spinal cord 
injury, transitional cell carcinoma, and anxiety disorders, can be 
viewed as distinct “perturbations” that affect one or more of these 
elements. The end result is often the symptom complex known 
as OAB.

Experimental data continue to reveal that, with time, an alter-
ation in one cell type often leads to changes in other cell types. 
Therefore, a single explanation for the pathophysiology of OAB 
is unlikely.

EPIDEMIOLOGY

A detailed review of the epidemiology of OAB is beyond the scope 
of this review. However, a few key points are worth mentioning. 
The fi rst is that the prevalence of OAB has generally been under-
estimated, because many studies have been limited to patients 
with incontinence, which is only one subset of OAB. The second 
is that, contrary to popular belief, the prevalence of OAB is 
similar in men and women. The third is that OAB is a chronic 
condition that adversely affects the quality of life.

Several well-done, large-scale studies have attempted to 
provide solid epidemiologic data for OAB. In a European study 
spanning six nations, telephone interviews of subjects older than 
40 years of age were used to determine OAB prevalence. In this 
study, OAB was defi ned as urinary frequency greater than eight 
times per day and urgency, with or without urge incontinence. 
Using this defi nition, the prevalence of OAB was found to be 
16.6%.2 Symptoms increased with advancing age and, surpris-
ingly, were of similar prevalence in men (15.6%) and women 
(17.4%). In addition, 40% of those who met criteria for OAB had 
never sought medical care for this condition. Of the 60% who 
had spoken to a physician, only 27% were currently taking medi-
cation to control their symptoms.

In an OAB prevalence study conducted in the United States, 
strikingly similar results were found. The overall prevalence of 
OAB was 16.0% in men and 16.9% in women.3 Based on the 
combined results of these works, a reasonable estimate for the 
prevalence of OAB is approximately 17% of the adult female 
population. These studies highlight the relatively high prevalence 
of OAB, the substantial degree of underreporting, and the possi-
bility of poor treatment effi cacy. Although the epidemiology of 
OAB is complex, these numbers emphasize the dramatic social 
and economic impact of this condition.

204

Figure 18-1 Diagram showing intrinsic and extrinsic factors that 
may contribute to the pathophysiology of overactive bladder 
(OAB). Substantial overlap between factors suggests that a single 
etiology for OAB is unlikely.
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CONTRIBUTORS TO OVERACTIVE BLADDER

Role of the Detrusor Muscle

Most experimental research pertaining to OAB, urge inconti-
nence, and detrusor overactivity (DO) has relied on increased 
detrusor contractions on cystometry as a surrogate for this dis-
order. Insight into urgency is lacking. In addition, the clinical 
fi ndings that almost a quarter of patients with OAB and urge 
incontinence do not demonstrate DO on urodynamic testing4 
and, conversely, that almost a quarter of asymptomatic men and 
women demonstrate DO suggest that this symptom complex may 
not universally affect the detrusor per se.5-7 This observation may 
explain in some patients the lack of effi cacy of drugs such as 
antimuscarinics that target receptors on the detrusor.

Autonomous Activity
New research in detrusor physiology has added to our under-
standing of how this muscle contracts in a coordinated fashion. 
In a study by Gillespie and colleagues,8 two distinct types of 
detrusor muscle activity were identifi ed—phasic activity and 
global contractions (Fig. 18-2). During phasic activity, small 
regions of the detrusor muscle undergo localized “stretches” that 
are associated with phasic increases in bladder pressure. The 
investigators found that these phasic responses were triggered by 
low-dose muscarinics, low-dose nicotinics, and low-frequency 
nerve stimulation. In contrast, during global contractions, most 
of the bladder smooth muscle is involved. These global contrac-
tions were triggered by high-dose muscarinics and high-
frequency nerve stimulation and were unresponsive to nicotinics. 
Immunohistochemistry confi rmed the presence of two distinct 
smooth muscle cell populations. A thin layer of cells was found 
to reside just beneath the bladder mucosa. A larger layer was 
found to comprise the bulk of the detrusor. The authors postu-
lated that the thin, submucosal layer may be responsible for 
autonomous pacemaker activity in the bladder, and the remain-
ing detrusor may be responsible for the classically understood 
parasympathetic nerve–stimulated bladder contraction.

Interstitial Cells
Interstitial cells with spontaneous pacemaker activity  have been 
found in gut smooth muscle. In the gut, these pacemaker cells, 
known as interstitial cells of Cajal (ICCs), have been identifi ed 
by their immunohistochemical (Kit-positive) and morphologic 
(presence of dendritic processes) properties. The search for these 
cells in the bladder dome has been prompted by research showing 
bladder electrical waves that start at the dome and propagate in 
a caudad fashion.9,10 Shafi k and coworkers9 identifi ed cells with 
these characteristics in bladder strips harvested from cystectomy 
specimens obtained from patients with bladder cancer. ICC cells 
were found to exist in isolation or in interconnected networks in 
the bladder dome of all specimens. The authors suggested that 
changes in the number or functionality of this cell population 
may be important in motility disorders involving the bladder.

Electrical Properties of the Detrusor
Tissue from unstable bladder shows enhanced spontaneous 
contractile activity. This has been documented in human 
bladder strips from obstructed unstable bladders11,12 and from 
those with neuropathy.13 However, depending on the etiology of 
OAB, important differences exist. In both idiopathic DO and 
obstruction, bladder strips demonstrate increased sensitivity to 

potassium chloride and reduced response to electrical stimula-
tion.11,12,14,15 However, strips from obstructed bladders appear to 
be supersensitive to muscarinic agonists, whereas strips from 
bladders with idiopathic DO do not demonstrate this response 
(Table 18-1).11,12

Increased electrical coupling has been identifi ed in bladders 
with OAB. Gap junctions are believed to be important in the 

A

B
Figure 18-2 Comparison of phasic and global bladder contractions. 
A, During phasic contractions, localized stretches lead to short, 
nonsustained bursts of increased bladder pressure. B, During global 
contractions, the majority of detrusor muscle is involved, and a 
sustained rise in bladder pressure is observed.

Table 18-1 Electrical Properties of the Detrusor 
Muscle in Overactive Bladder (OAB)

Property Idiopathic OAB
OAB of 

Obstruction

Spontaneous activity ↑ ↑
KCl− sensitivity ↑ ↑
Response to electrical 

stimulation
↓ ↓

Response to muscarinics Normal ↑

Ch018-X2339.indd   205 1/31/2008   2:18:24 PM



206 Section 4 OVERACTIVE BLADDER

electrical coupling of detrusor smooth muscle cells. In a study by 
Haferkamp and associates,16 increased gap junction expression 
was identifi ed by testing for the gap junction marker, connexin-
43. Biopsy specimens from patients with neurogenic DO were 
compared to control specimens obtained from women with pure 
stress urinary incontinence. Connexin-43 RNA expression was 
determined by using a polymerase chain reaction method. A 
statistically signifi cant increase in connexin-43 RNA was found 
in specimens from patients with neurogenic DO. These results 
suggest that increased electrical coupling via heightened expres-
sion of gap junctions may be important in the pathophysiology 
of certain forms of OAB.

One theory of OAB is based on the observation17 that localized 
distortions of the bladder wall occur during fi lling. These distor-
tions are probably activated by sporadic populations of low-
threshold postganglionic parasympathetic neurons. In the normal 
detrusor, poor coupling between smooth muscle bundles would 
limit the spread of this activity, and only a localized distortion of 
the bladder wall would occur. However, in the setting of increased 
coupling, as seen in OAB, localized distortions would spread 
throughout the bladder (Fig. 18-3). In this scenario, intravesical 
pressure would rise, and involuntary contractions might occur.

Morphologic Changes
Morphologic changes in the structure of the detrusor muscle 
have also been identifi ed in the setting of OAB. Patchy denerva-
tion of muscle bundles can be identifi ed. Furthermore, areas of 
reduced innervation become infi ltrated with connective tissue, 
and, after compete denervation, smooth muscle cell hypertrophy 
occurs.18 At the ultrastructural level, detrusor muscle that dem-
onstrates OAB contains protrusion junctions and ultra-close 
abutments between myocytes. This ultrastructural pattern is not 
typically present in normal detrusor muscle and may represent 
an additional mechanism through which increased electrical cou-
pling in OAB might occur (Table 18-2).19

Role of the Urothelium

The previous notion of the urothelium as an inert, impermeable 
barrier has been challenged in recent years. New research focuses 
on the urothelium as a biologically active layer that functions 
as a luminal sensor. In the bladder, the presence of afferent 
nerve terminals just beneath the urothelium highlights the 
importance of this sensory communication. One theory to 
explain the presence of OAB symptoms is that urothelial signals 
may lead to heightened sensitivity of submucosal afferents. 
Accordingly, isolated sensitization of submucosal afferents would 
trigger symptoms of urgency. Further sensitization of submu-
cosal afferents would then lead to enhanced smooth muscle cou-
pling, and urgency with associated unstable detrusor contractions 
might ensue. Signaling most likely occurs through mediators 
such as nitric oxide,20-22 neurokinin A,23,24 and adenosine triphos-
phate (ATP).25,26 These mediators are released by the urothelium 
in response to low urinary pH, high urinary potassium, and 
increased urinary osmolality. Furthermore, urothelial signaling 
is probably a dynamic process. In studies by Sun and colleagues, 
the presence of increased urinary ATP, as seen in conditions 
of OAB such as interstitial cystitis, was associated with increased 
ATP production from stretched urothelial cells (Fig. 18-4).25-27 
Identifi cation of feed-forward processes such as these may 

Table 18-2 EMorphologic Changes in the Detrusor 
Muscle in Overactive Bladder (OAB)

Cellular Level Ultrastructural Level

Connective tissue infi ltration Increased protrusion junctions
Smooth muscle cell 

hypertrophy
Increased ultra-close myocyte 

abutments
Patchy denervation Increased gap junctions 

(connexin-43)

Figure 18-3 Mechanism of overactive bladder (OAB) initiated by local distortions (LD) in the bladder wall. In the normal bladder (left), lack 
of coupling limits the spread of activity initiated by LD. In OAB (right), increased coupling allows LD to propagate. Accordingly, in the 
setting of increased coupling, LD could lead to involuntary contractions.
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help to explain the self-sustaining nature of many forms of 
OAB.

Role of Blood Flow

Research demonstrates that reduction in blood fl ow is related to 
the level of bladder decompensation.28 OAB in the elderly is 
associated with various changes in the bladder, including reduced 
compliance, ultrastructural changes of detrusor myocytes, and 
ischemia.29,30 Reduced blood fl ow to the bladder triggers a cascade 
of events that include apoptosis of smooth muscle cells and 
damage to intrinsic bladder nerves. Importantly, nerve tissue is 
far more sensitive to ischemic damage than detrusor muscle 
itself, and damage that occurs to nerve tissue is generally irrevers-
ible. In the setting of OAB associated with obstruction, damage 
and degeneration of the intrinsic bladder nerves is a common 
fi nding. Hypertrophy of detrusor myocytes is also prevalent, and 
this creates increased metabolic demand on the cells and the sur-
rounding nerve tissue. Therefore, the effects of reduced blood 
fl ow, coupled with increased metabolic demand, can produce an 
anoxic environment and lead to increased neuronal death.31

In an animal model of bladder outfl ow obstruction, high-
pressure urination was associated with prolonged periods of 
detrusor ischemia. This ischemic state may play a role in the 
metabolic and structural changes in smooth muscle and nerve 
tissues found in the setting of OAB.32 The effects of acute isch-
emia have also been studied. Bratslavsky and colleagues33 pro-
duced complete ischemia to the bladder for up to 18 hours. Strips 
of bladder were then harvested and tested in organ bath experi-
ments. The bladder strips showed altered contractile responses to 
a variety of stimulants, and the most pronounced alteration was 
seen with electrical fi eld stimulation. In another model, bilateral 
iliac artery injury was created to produce a state of chronic 
bladder ischemia. When tested urodynamically, animals with 
severe ischemia were found to have reduced bladder contractility 
and evidence of bladder decompensation. Animals with moder-

ate ischemia were found to have DO only.34 Again, this highlights 
the point that ischemia may contribute to the pathophysiology 
of OAB.

Role of Innervation

Voiding occurs as the result of a spinobulbospinal micturition 
refl ex that is initiated by afferents from the bladder and culmi-
nates in efferent outfl ow via the pelvic nerve (Fig. 18-5). Micturi-
tion may be initiated by three events: bladder distention triggering 
mechanoreceptive afferents, autonomous myogenic activity acti-
vating afferents in the detrusor, and urothelial/interstitial cell 
interaction with chemosensitive or mechanoreceptive suburo-
thelial afferents. In many instances, DO has been attributed to 
activation of a micturition refl ex. It is not diffi cult to envision 
that the key symptom of urgency may be caused by activation of 
afferents that is consciously perceived but insuffi cient for mictu-
rition. A threshold for afferent fi ring is determined by the balance 
between myogenic, urothelial, and interstitial cell factors that are 
designed to limit the spread of inadvertent neural impulses and 
neural mechanisms that are designed to ensure the effi cient 
transmission of impulses across synapses. In response to injury 
or disease, it has been postulated that either the trigger for fi ring 
is changed, the type of fi ber is altered, or the threshold for fi ring 
is lowered. Any of these hypothetical scenarios could manifest as 
a sensation of fullness or precipitate detrusor contractions at 
lower bladder volumes. The abnormal sensation of urgency may 
derive from a change in the stimulus or in the type of afferents 
that are activated. Plasticity in afferents may be a protective 
mechanism whereby a noxious stimulus or injury facilitates the 
elimination of toxins and potentially shortens the duration of 
disease processes.

Figure 18-4 Mechanism of overactive bladder (OAB) initiated by 
feed-forward stimulation of afferent nerve terminals through 
adenosine triphosphate (ATP) signaling, based on work from Sun 
and colleagues.25-27 In this model, urinary ATP leads to increased 
ATP release from stretched urothelial cells. ATP then stimulates 
additional afferent nerve terminals by binding to the purinergic 
receptor, PX2X. As a result, new afferent fi bers are “turned on,” a 
condition that could lead to the occurrence of OAB.

Figure 18-5 Neural circuitry involved in micturition. In response to 
bladder distention, mechanosensitive afferent nerve terminals in the 
bladder wall are stimulated. Signals ascend in the spinal cord via a 
spinobulbospinal pathway. In the brainstem, the pontine micturition 
center coordinates processing of ascending and descending signals. 
The excitatory motor stimulus exits the sacral cord via the pelvic 
nerve and leads to detrusor contraction.
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Neuroplasticity
Neuroplasticity is the term that describes the mechanisms whereby 
the nervous system changes in response to injury or disease. 
Unfortunately, these mechanisms may continue long after the 
elimination of the inciting events. As an example, neuroplasticity 
may occur in women with chronic bladder infections to promote 
the rapid elimination of urinary bacteria in times of active infec-
tion. However, in a subset of these women, symptoms of urinary 
frequency and urgency may continue even in the absence of 
active bacterial infection. These women are said to have idio-
pathic DO or simply OAB. A comprehensive understanding of 
why this occurs (e.g., ATP release) and to whom (e.g., genomic 
predisposition) simply does not exist. Ongoing research in this 
area is critical and will undoubtedly result in the identifi cation of 
novel therapeutic strategies in the upcoming decade.

Currently, researchers have focused on the role of neuro-
trophic factors in bladder neuroplasticity. In this regard, molecu-
lar triggers for changes in sensory nerve inputs from the bladder 
or neural transmission directly in the central nervous system 
could involve nerve growth factor (NGF) or other neurotrophins 
such as brain-derived neurotrophin factor (BDNF), glia-derived 
neurotrophin factor (GDNF), neurotrophin 3 and 4, and various 
cytokines. NGF has been shown to promote neuronal regrowth 
after injury and is important for the growth and sustenance of 
both sensory and sympathetic nerves.35,36 In fact, elevations in 
NGF have been identifi ed in patients with OAB, benign prostatic 
hyperplasia,37,38 and interstitial cystitis.39

Neuroplasticity resulting in symptoms of OAB occurs in 
experimental animals after spinal cord injury or urethral obstruc-

tion. In these situations, a size increase in both sensory and motor 
neurons to the bladder has been found.40,41 The transmission time 
of the micturition refl ex becomes shorter after spinal cord 
injury.42,43 At the neuronal level, signifi cant reorganization occurs. 
The micturition pathway changes from a spinobulbospinal loop 
to a network that is mainly spinal. In addition, unmyelinated 
sensory C fi bers, which are silent in the normal state, become 
active and contribute to the reduced micturition threshold noted 
after spinal cord injury (Fig. 18-6).

In humans, the ice water test provides evidence for neuroplas-
ticity associated with both obstruction and neurogenic DO. This 
test involves instillation of ice-cold water or saline into the 
bladder. In normal subjects, the instillation of cold fl uid does not 
stimulate bladder contractions. However, in patients with bladder 
outlet obstruction and neurogenic DO, bladder contractions are 
triggered. The explanation for this disparate response is that 
cold-sensitive C fi bers are silent in the normal state and become 
active in various conditions associated with OAB.44,45 Additional 
evidence for C-fi ber neuroplasticity is demonstrated by the occa-
sional clinical effi cacy of capsaicin46 and resiniferatoxin47 in the 
amelioration of OAB. These neurotoxins selectively block C 
fi bers.46 Therefore, they likely act to suppress the heightened 
C-fi ber activity that occurs in many forms of OAB.

Capsaicin, an ingredient found in chile peppers that is respon-
sible for their hot or pungent taste, acts as a neurotoxin to selec-
tively desensitize C-fi ber afferents.48 As described earlier, C-fi ber 
neurons are typically silent in the normal bladder but become 
active in many conditions that result in neurogenic DO. Capsa-
icin and the more potent resiniferatoxin have been used for 

A

B
Figure 18-6 Neuroplasticity. Simplifi ed view of several nerve growth factor (NGF)-mediated processes that are probably involved in 
neuroplasticity associated with overactive bladder (B) compared with the normal bladder (A). These mechanisms include changing from 
high-threshold, tetrodotoxin (TTX)-resistant Na+ currents to low-threshold, TTX-sensitive Na+ currents in bladder afferent neurons 
(top insets); changing from inactive, small size C-fi ber neurons to active, hypertrophic C-fi ber neurons (middle insets); and changing 
from a long duration, spino-bulbo-spinal refl ex to a short duration spinal refl ex (bottom insets).
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several years in clinical trials in patients with DO. The success of 
this C fi ber–directed therapy highlights the importance of acti-
vated C-fi ber afferent neurons as a key element in the patho-
physiology of neurogenic DO.

Spinal Cord Injury
After spinal cord injury, neurogenic DO often occurs. The exact 
sequence of molecular events leading to this clinical picture 
remains unknown. However, it is clear that, after spinal cord 
injury, C-fi ber afferents in the bladder develop increased mecha-
nosensitivity. Cell bodies of these afferents located in dorsal root 
ganglia become hypertrophied.49 Furthermore, patch clamp 
experiments demonstrate that expression of sodium (Na+) 
channels shifts from the high-threshold, tetrodotoxin-resistant 
type channel to the low-threshold, tetrodotoxin-sensitive type 
channel.50,51 Because conductances via Na+ and potassium (K+) 
channels are crucial to neuronal excitability, the ability of disor-
ders to alter these channels, possibly through cytokines and neu-
rotrophins, may underlie the mechanism of OAB in conditions 
ranging from spinal cord injury and bladder outlet obstruction 
to infl ammation. In fact, such plasticity in channel function 
or expression could mediate the reduction in fi ring threshold 
for chemo/thermo/mechano-sensitive afferents demonstrated in 
OAB. Therefore, Na+ and K+ channels are attractive targets for 
OAB therapy.

The presence of these changes in neuron morphology and 
electrophysiology suggests that transport of signals from the 
injured spinal cord to nerve terminals in the bladder or vice versa 
must be occurring in the setting of spinal cord injury. NGF and 
GDNF have been investigated in this regard. Indeed, NGF is 
associated with hypertrophy of cell bodies of bladder afferents 
seen in various forms of OAB.40,41 In addition, experimental 
blockage of NGF in the setting of spinal cord injury prevents the 
occurrence of DO. GDNF may also be important in the setting 
of spinal cord injury, because a small population of bladder C-
fi ber neurons responds only to GDNF and are unresponsive to 
NGF.52

Role of Obstruction and Infl ammation

In the setting of mechanical obstruction of the bladder outlet, 
symptoms of OAB are frequently present. This is most com-
monly seen in men with bladder outlet obstruction due to pros-
tatic enlargement. However, women with functional obstruction 
of the bladder neck or mechanical obstruction due to trauma or 
surgery can display similar symptomatology. Insight into the 
pathophysiology of OAB can be gleaned from urodynamic studies 
in patients who present with persistent lower urinary tract symp-
toms after surgical resection of the prostate. These studies dem-
onstrate that persistent symptoms are related more to DO than 
to recurrent or residual bladder outlet obstruction.53,54

The explanation for this persistent symptomatology is that the 
effects of bladder outlet obstruction are not purely mechanical. 
Rather, obstruction causes enhancement of a facilitory spinal 
refl ex mediated by C-fi ber afferent bladder nerves. Evidence for 
this refl ex is seen in the positive response of patients with bladder 
outlet obstruction to the ice water test. Again, the presence of 
involuntary contractions after instillation of ice-cold water into 
the bladder demonstrates an activated C-fi ber refl ex. In addition, 
bladder outlet obstruction triggers heightened expression of 
growth-associated protein-43, a phosphoprotein whose expres-
sion is induced in the setting of axonal sprouting and neuronal 

remodeling.55 New spinal circuits may arise after bladder outlet 
obstruction, and failure to revert to a normal voiding pattern 
after obstruction is relieved suggests that these new circuits can 
sometimes persist.

NGF probably plays an important role in the activation of 
these de novo circuits after bladder outlet obstruction. Levels of 
NGF are elevated in obstructed bladders of humans and experi-
mental animals.56 In animal models of bladder outlet obstruction, 
blockade of NGF prevents the activation of C-fi ber refl exes, and 
DO does not occur. Importantly, the rise in NGF precedes the 
development of neuronal hypertrophy and the clinical develop-
ment of OAB. This suggests that NGF is involved in the initiation 
of the obstruction-induced neuroplastic process.

Likewise, NGF is also increased in the setting of bladder 
infl ammation. This increase is seen in both the urine and the 
bladder tissue itself. It has been identifi ed in animal models of 
experimental bladder infl ammation and also in patients with 
interstitial cystitis.39,57,58 Infl ammation of the bladder results in 
enlargement of cell bodies of bladder afferent nerves, a fi nding 
that is seen in other forms of OAB and that is associated with 
increased expression of NGF. Changes in the neurons within the 
spinal cord have also been identifi ed in the setting of bladder 
infl ammation. After experimental infl ammation of the bladder 
induced by mechanical irritation or chemically by systemic treat-
ment with cyclophosphamide, neurons in the lumbosacral spinal 
cord displayed increased expression of FOS, a nonspecifi c marker 
for neuronal activation.59,60

These fi ndings suggest that infl ammatory stimuli within the 
bladder trigger changes in afferent nerve endings. These changes 
are then communicated to cell bodies that reside in dorsal root 
ganglia and ultimately are relayed to spinal cord neurons and to 
higher-order neurons in the brain. NGF is probably an important 
mediator in this signaling process. However, the exact cascade of 
molecular events remains unknown, and elaboration of this 
cascade will certainly lead to the identifi cation of novel targets 
for pharmacologic intervention in OAB.

Role of Psychological Factors

Depression
In 1978, Stone and colleagues61 fi rst documented the association 
of psychiatric symptoms and voiding dysfunction. Subsequent 
researchers noted this association specifi cally for disorders of 
idiopathic DO and urge incontinence62,63 and suggested that these 
voiding symptoms might be psychosomatic in nature. Chiverton 
and Judd64 found a higher incidence of depression among women 
with urinary incontinence compared with women in the general 
population. Zorn and coworkers65 performed a case-control 
study in which 115 consecutive patients presenting to an incon-
tinence clinic were compared with 80 continent controls. Patients 
with incontinence had signifi cantly higher scores on the Beck 
Depression Inventory and reported a history of depression more 
frequently. Interestingly, when stratifi ed by type of incontinence, 
patients with stress incontinence and those with urge inconti-
nence due to obstruction or neurogenic causes did not demon-
strate these differences. However, 60% of patients with idiopathic 
urge incontinence reported a history of depression, compared 
with only 17% of continent control patients. In addition, a history 
of depression often preceded the development of urine loss, sug-
gesting that incontinence or OAB symptoms per se did not cause 
depression. Recently, several large cross-sectional studies 
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examined the association of depression and incontinence. Dugan 
and colleagues66 found a strong association in elderly patients. 
Nygaard and colleagues67 performed a cross-sectional survey 
study of almost 6000 women comparing incontinence with 
depressive symptoms. After adjusting for medical morbidity, 
functional status, and demographic variables, women with severe 
incontinence or mild to moderate incontinence were 80% and 
40% more likely, respectively, to have depression than continent 
women.

One possible explanation for an association between depres-
sion and OAB or urge incontinence may be altered central trans-
mitter function, especially monoamines, in certain areas of the 
brain that infl uence micturition. Recently, our group and others68 
identifi ed a signifi cant increased relative risk for OAB and urge 
incontinence in postpartum women with severe depression 
(“baby blues”), compared with nondepressed cohorts. Postpar-
tum depression may herald future depressive episodes that are 
associated with altered serotonin function. This association is 
intriguing and is consistent with animal studies demonstrating 
that lowered serotonin induces urinary frequency and intermic-
turition contractions on cystometry.69

Anxiety and Panic Disorders
Melville and coworkers70 examined the association of inconti-
nence and panic disorder in a prospective study of 218 consecu-
tive women presenting to a urogynecology clinic with a diagnosis 
of urinary incontinence. All patients underwent a history, physi-
cal examination, multichannel urodynamics to assess the type of 
incontinence and completed validated instruments to diagnose 
psychiatric disorders and disease-specifi c quality-of-life effects. 
Overall, 11% of patients with urge incontinence or mixed incon-
tinence suffered from panic disorder, compared with 0% of 
patients with stress incontinence. After adjusting for potential 
confounding variables such as medical comorbidities, marital 
status, and age, patients with urge incontinence were found to be 
9.2 times more likely than those with stress incontinence to have 
a panic disorder. Patients with mixed incontinence were found 
to be 13.5 times more likely to have a panic disorder than patients 
with stress incontinence. Furthermore, Weissman and associ-
ates71 identifi ed a potential genetic syndrome in which families 
manifest both panic disorder and urinary frequency. Using 
genetic linkage analysis, they identifi ed a clinical syndrome in 
certain families with panic disorder that included voiding dys-
function, migraine headaches, mitral valve prolapse, and hypo-
thyroid conditions. The association of this mental condition with 
seemingly unrelated medical conditions prompted the authors to 
advocate for more extensive clinical evaluation of patients with 

psychiatric conditions, in order to identify this type of pheno-
typic clustering.

Some investigators have found that patients with anxiety and 
panic disorders may simply experience greater “bother” from 
their symptoms. For this reason, they might present more fre-
quently for medical evaluation. Watson and coworkers72 per-
formed a prospective study on women with symptoms of 
incontinence presenting for urodynamics testing. The 48-hour 
pad test and the Hospital Anxiety and Depression (HAD) scale 
were administered. Patients with high anxiety scores had statisti-
cally signifi cant lower mean urine loss on the 48-hour pad test 
(44 versus 97 mL) compared with patients without high anxiety 
scores. The investigators concluded that anxious patients present 
with a lesser degree of incontinence than nonanxious patients. 
However, most data appear to support the notion that anxiety 
and panic disorders are signifi cant risk factors for OAB and urge 
incontinence.

These clinical associations are consistent with laboratory 
investigations showing that anxiety models such as the spontane-
ously hypertensive rat exhibit urinary frequency and intermictu-
rition contractions on cystometry.38 Central neurotransmitters 
that activate the stress response (e.g., corticotropin-releasing 
factor) also increase bladder activity. Conversely, corticotropin-
releasing factor antagonists reduce bladder activity in certain 
animal models of OAB.73

CONCLUSIONS

The pathophysiology of OAB is diverse and involves an interplay 
between urothelial, myogenic, and neurogenic mechanisms. Ulti-
mately, the ability to effectively combat the symptoms of OAB 
depends on success in identifying the underlying mechanisms in 
each affected patient. Unique therapeutic strategies targeting 
individual pathologies can then be crafted. In the future, the use 
of bioimaging modalities such as positron emission tomographic 
(PET) scanning or functional, local blood oxygen level–depen-
dent (fBOLD) magnetic resonance imaging (MRI); risk factor or 
hazard scoring; genetic profi ling; and molecular techniques will 
allow clinicians to better categorize patients and individualize 
therapy. As advances are made in molecular medicine, clinical 
applications in the treatment of OAB will evolve. However, more 
effective treatments for this pervasive, costly, and debilitating 
condition can be achieved only by the pursuit of translational 
research aimed at a comprehensive understanding of the patho-
physiology of OAB.
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Chapter 19

BEHAVIORAL MODIFICATION AND 
CONSERVATIVE MANAGEMENT OF 
OVERACTIVE BLADDER
Alain P. Bourcier

Millions of people throughout the world are affected by overac-
tive bladder (OAB) syndrome, a serious condition that can have 
dramatic personal and social costs. Symptoms of OAB increase 
with age and are slightly more common in women. The median 
prevalence of incontinence in women has been reported as 
varying from 14% to 40.5%; using the defi nition of the Interna-
tional Continence Society (ICS), it is 23.5%. In women, urge and 
mixed incontinence accounted for a median relative share of 51% 
of cases.

These estimates have varied based on the differing methodol-
ogies of the studies and the previously uncertain defi nition of 
OAB. OAB is characterized by the ICS as a syndrome encompass-
ing urgency (with or without urge incontinence), usually with 
frequency and nocturia.1 OAB syndrome is a well-recognized 
complex of symptoms that is usually suggestive of detrusor over-
activity but can also be caused by urethrovesical dysfunction of 
another type.

According to the ICS,1 urgency, with or without urge incon-
tinence, usually with frequency and nocturia, can be described as 
OAB syndrome, urge syndrome, or urgency-frequency syndrome. 
Lower urinary tract symptoms are the subjective indicator of a 
disease or change in condition as perceived by the patient, care-
giver, or partner. In this context, urgency is the complaint of a 
sudden compelling desire to pass urine that is diffi cult to defer, 
increased daytime frequency is the complaint of voiding more 
than to seven times a day, and nocturia is the complaint of awak-
ening one or more times at night to void. Urge incontinence is 
characterized by a strong desire to void coupled with an invol-
untary loss of urine.2 OAB patients are likely to require long-term 
or even lifelong therapy to control their symptoms. Patients with 
OAB symptoms are at elevated risk for other conditions that 
increase their use of health care resources. Common patient reac-
tions to OAB symptoms and incontinence are embarrassment, 
frustration, anxiety, depression, and fear of odor from urine 
leakage.2

Nonpharmacologic approaches include education and expla-
nation of normal lower urinary tract structure and function, life-
style changes, toileting programs, bladder retraining, and pelvic 
muscle training or rehabilitation. Behavior modifi cation, which 
involves learning new skills and strategies for preventing urine loss 
and other symptoms, has a growing body of clinical research.

LIFESTYLE INTERVENTIONS

Behavior modifi cation is a treatment option for persons with 
urinary incontinence (UI) and OAB. Changing a patient’s behav-

ior, environment, or lifestyle can mitigate or reduce symptoms 
(urine leakage or incontinence, urgency, frequency, and 
nocturia).

The interventions include lifestyle changes: cessation of 
smoking, weight reduction, elimination of dietary bladder irri-
tants, adequate fl uid intake, bowel regulation, moderation of 
physical activities, and exercises. Lifestyle changes and behavior 
modifi cation are integral to clinical management of UI and OAB. 
In the United States, therapies have been combined to include 
interventions called behavioral treatments.

Behavioral interventions are a group of therapies used to 
modify stress, urge, or mixed UI by changing the patient’s bladder 
habits or by teaching new skills. The interventions include life-
style changes, toileting programs (e.g., habit training, prompted 
voiding), bladder retraining, and pelvic muscle training or reha-
bilitation (using methods such as biofeedback, vaginal weights, 
and electrical stimulation). Although research showing the 
effectiveness of changes in certain lifestyle behaviors on UI, 
urgency, and frequency may not be conclusive, many health 
care providers frequently recommend alterations in lifestyle and 
behavior.

Smoking

Increased intra-abdominal pressure may promote the develop-
ment of UI and urinary urgency, particularly in women. This 
increased pressure exists with conditions that include pulmonary 
diseases such as asthma, emphysema, and chronic coughing such 
as seen in smokers.3 Smoking, in particular, increases the risk of 
developing all forms of UI, and especially stress urinary inconti-
nence (SUI); the level of risk depends on the number of cigarettes 
smoked. There may be several causes of the increased risk of SUI 
in smokers. Compared with nonsmokers, smokers have stronger, 
more frequent, and more violent coughing, which may lead to 
earlier development of damage to the urethral sphincteric mech-
anism and vaginal supports.4 Violent and frequent prolonged 
coughing can increase downward pressure on the pelvic fl oor, 
causing repeated stretch injury to the pudendal and pelvic nerves. 
In addition, elements of tobacco products may have antiestro-
genic hormonal effects, which may infl uence collagen synthesis. 
Nicotine contributes to large phasic bladder contractions, as 
shown in animal studies through the activation of purinergic 
receptors; nicotine seems to affect the human bladder similarly.5 
There may also be an association between nicotine and increased 
detrusor contractions. Bump and McClish6 showed that women 
who previously smoked had a 2.2-fold increased incidence, and 
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those who currently smoked had a 2.5-fold increased incidence 
of SUI. The risk of UI in women caused by cigarette smoking was 
estimated to be 28%. This study indicated that the risk of genuine 
SUI is positively correlated with both the current intensity of 
cigarette consumption and the degree of lifetime exposure to 
cigarette smoking. The increased prevalence of SUI in smokers is 
independent of other risk factors such as older age, parity, obesity, 
and hypoestrogenism. Smoking habits indicate that smoking can 
cause symptoms of urge incontinence and urgency and fre-
quency.3 Nuotio and colleagues7 showed a correlation between 
smoking and urinary urgency in a population-based survey of 
1059 women and men aged 60 to 89 years. Smokers were more 
likely to report incontinence than nonsmokers. In a survey of 
2128 middle-aged and elderly men who smoked or formerly 
smoked, Koskimaki and colleagues showed an increased risk of 
lower urinary tract symptoms.8

Obesity

Obesity is an independent risk factor for the development of SUI 
and mixed UI in women.9,10 Excessive body weight, specifi cally 
measured by sagittal abdominal diameter, affects bladder pres-
sure. The SUI that occurs with obesity may be secondary to 
increases in intra-abdominal pressure on the bladder and greater 
urethral mobility. Also, obesity may impair blood fl ow or nerve 
innervation to the bladder. A woman with a body mass index 
(BMI) of 29 or less is considered to be of normal or low weight; 
a woman with a BMI of 30 or greater is obese.3 Elia and associates9 
reported on 540 women who responded to a questionnaire and 
whose BMI status was obtained. The association between BMI 
and UI was statistically signifi cant. Poor personal hygiene in 
obese women may lead to an infectious process. Mommsen and 
Foldspang found a relationship between SUI and an increased 
BMI.11 Roe and Doll12 reported on 6139 (53% response rate) 
respondents to a postal survey on incontinence status. Signifi -
cantly more respondents with UI had a higher mean BMI when 
compared with continent respondents. This association was 
more prevalent in women than men. Brown and colleagues13 
studied 2763 women who completed questionnaires about preva-
lence and type of incontinence as part of a randomized trial of 
hormone therapy. A higher BMI and higher waist-to-hip ratio 
were found to be predictors of SUI and also of mixed UI when 
the major component was stress. This study found that the preva-
lence of at least weekly SUI increased by 10% for every 5 units of 
increased BMI. At this time, there is little information on whether 
weight loss resolves incontinence in women who are moderately 
obese. Obese women should lose weight before surgery to improve 
the technical ease, increase the durability, and decrease the failure 
rate of the surgery.14 Maintaining normal weight through adult-
hood may be an important factor in the prevention of UI. Given 
the high prevalence of both incontinence and obesity in women, 
weight reduction should be recommended as part of the conser-
vative management and behavior modifi cation for obese women 
with UI.3

Dietary Habits

Fluid Management
Patients with UI and OAB symptoms may subscribe to either 
restrictive or excessive fl uid intake behaviors. It is important to 
teach the patient that adequate fl uid intake is necessary to elimi-

nate irritants from the bladder and prevent UI.3 Surveys of com-
munity-residing elders report self-care practices that include the 
self-imposed restrictions of fl uid intake because of fears of UI, 
urinary urgency, and urinary frequency.15 Adequate fl uid intake 
is very important for older adults, who already have a decrease 
in their total body weight and are at increased risk for dehydra-
tion. Institutionalized patients are chronically dehydrated, 
because most require assistance to eat and drink. Although drink-
ing less liquid does result in less urine in the bladder, the smaller 
amount of urine may be more highly concentrated and irritating 
to the bladder mucosa. In addition, inadequate fl uid intake is a 
risk factor for constipation, another problem common in older 
adults. Nygaard and Linder16 surveyed teachers and questioned 
their voiding habits at work, allotted breaks, and bladder com-
plaints including urinary tract infections and incontinence. 
Teachers who drank less while working to decrease their voiding 
frequency had a twofold higher risk of urinary tract infection 
than those who did not report self-imposed fl uid restriction. 
There was no association between urinary tract infection and 
either voiding infrequently at work or mean number of voids at 
work. Fitzgerald and colleagues17 surveyed women who worked 
for a large academic center. Of the 1113 women surveyed, 232 
(21%) reported UI at least monthly.

Incontinent women were signifi cantly older and had a higher 
BMI than continent women. The strategies used by women in 
this study to avoid urinary symptoms included limiting fl uids 
and avoiding caffeinated beverages. The recommended daily 
fl uid intake is 1500 mL, but many believe that a more appropriate 
intake is 1800 mL to 2400 mL per day.3 To be adequately hydrated, 
older patients must consume at least 1500 to 2000 mL per day of 
liquids.18 It is suggesting by the renal physicians, that a total fl uid 
intake of 24 mL/kg/day in a temperature climate is appropriate 
to normal requirements, and of course there are variations 
depending on factors such as amount of exercise or presence of 
air-conditioning at home.19

Infl uence of Bladder Irritants
The type of fl uid or food is important. Caffeine is a xanthine 
derivative, a natural diuretic and bladder irritant. It acts similarly 
to thiazide diuretics. Caffeine is a central nervous system stimu-
lant that reaches peak blood concentrations within 30 to 60 
minutes after ingestion and has an average half-life of 4 to 6 
hours.3 Caffeine can cause a signifi cant rise in detrusor pressure, 
leading to urinary urgency and frequency after caffeine inges-
tion.20 Caffeine has an excitatory effect on the detrusor muscles.21 
Caffeine is found in liquids such as sodas (e.g., Pepsi, Coca-cola) 
and foods and candy that contain milk chocolate (e.g., 7 mg in 
10 ounces of milk chocolate). Carbonated drinks that are identi-
fi ed as “caffeinated colas” have been associated with an increased 
risk of SUI.22

Alcohol also has a diuretic effect. Alcohol causes a release of 
antidiuretic hormone from the posterior pituitary.20 Anecdotal 
evidence suggests that elimination of dietary factors such as 
artifi cial sweeteners (aspartame) and certain foods (e.g., highly 
spiced foods, citrus juices, tomato-based products) may promote 
continence.3,23,24 Arya and colleagues25 found that women (n = 20) 
with higher caffeine intake (361 to 607 mg per day) had a 2.4-fold 
increased risk for detrusor instability than women (n =10) with a 
low caffeine intake (110 to 278 mg per day). There was also a 
correlation between current smoking and caffeine intake.

Bryant and coworkers26 conducted a prospective randomized 
trial of persons with symptoms of urgency, frequency, and urge 
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UI who routinely ingested 100 mg or more of caffeine per day. 
Both groups were taught bladder training, but the intervention 
group was also instructed to reduce caffeine intake to less than 
100 mg/day. Signifi cant improvement in urgency (61% decrease), 
in voiding frequency (35% decrease), and in urine leakage (55% 
decrease) was seen in the treatment group compared to baseline. 
Even though current research is not conclusive, patients with UI 
and OAB should be assessed for amount of caffeine intake. They 
should be advised about the possible adverse effects caffeine may 
have on the detrusor muscle and the possible benefi ts of reduc-
tion of caffeine intake.3,27 They also should be instructed to switch 
to caffeine-free beverages and foods or to eliminate them and see 
if urinary urgency and frequency decrease. If they continue to 
consume caffeine, clients with incontinence and OAB should 
take no more than 100 mg/day to decrease urgency and 
frequency.

Nutrient Composition of the Diet
Storage symptoms can affect quality of life and activities of daily 
living and have large resource implications for both the individ-
ual and the health service. Clinically, a number of foods and 
drinks are thought to have adverse or benefi cial effects on certain 
urinary symptoms. However, little scientifi c evidence exists, and 
no studies have investigated the association between nutrient 
intake and urinary storage symptoms. The origin of detrusor 
overactivity may be neurogenic, with a variety of neurologic 
causes28; some of these may be related to diet, such as neuropa-
thies resulting from vitamin B12 defi ciency.29,30 Another proposed 
pathologic mechanism is myogenic bladder overactivity,31 possi-
bly due to ischemia. Associations with diseases such as stroke and 
diabetes32 suggest that OAB may be linked to a number of sys-
temic conditions related to nutrition. In an earlier publication, 
Dallosso and colleagues33 reported possible dietary associations 
with OAB in terms of food groups and individual food items and 
showed that lower intakes of three food groups (vegetables, P < 
.02; chicken, P < .005; breads, P < .001) were independently 
associated with increased risks of OAB onset. A higher intake of 
vitamin D was signifi cantly associated with reduced risk of OAB 
onset (P = .008). There was some evidence of a trend toward 
decreased risk of onset with increasing vitamin D intake: those 
in the 4th quintile were 0.51 times less likely to experience OAB 
onset, compared with the lowest intake quintile (95% confi dence 
interval: 0.34 to 0.78).

Evidence for an association between diet and the OAB 
symptom syndrome would be valuable in understanding its etiol-
ogy. In a very recent study, Dallosso and associates34 investigated 
prospectively the association between the nutrient composition 
of the diet and the onset of OAB. A random sample of commu-
nity-dwelling women aged 40 years or older was studied. Baseline 
data on urinary symptoms and diet were collected from 6371 
women using a postal questionnaire and food frequency ques-
tionnaire. Follow-up data on urinary symptoms were collected 
from 5816 of the women in a postal survey 1 year later. Logistic 
regression was used to investigate the association of diet (daily 
intakes of energy, macronutrients, and micronutrients) with 1-
year incidence of OAB. There was evidence that three nutrients 
may be associated with OAB onset. Higher intakes of vitamin D 
(P = .008), protein (P = .03), and potassium (P = .05) were sig-
nifi cantly associated with decreased risks of onset. Although 
overall the associations with vitamin B6 and niacin were not sig-
nifi cant (P = .08 and P = .13, respectively), there was some evi-
dence of a decreased risk of onset with higher intakes. This study 

was the fi rst to consider an association between the nutrient 
composition of the diet and OAB onset, and it provided some 
evidence that lower intakes of a number of nutrients may be 
associated with an increased risk of OAB onset. The association 
was strongest for vitamin D. Further studies are needed using 
additional validated indicators of OAB status and diet to confi rm 
the associations found.

The observed associations of a number of nutrients with OAB 
onset present an overall pattern of low intake levels associated 
with increased risk of onset, possibly suggesting that general 
inadequacy of the diet may be an important factor. Although 
clinical defi ciencies of protein and vitamins are very uncommon 
in Western countries, suboptimal levels of intake may be impor-
tant.35 Comparisons with the literature are diffi cult, because the 
only published work on diet and urinary symptoms comes from 
studies looking at prostatic enlargement in men, defi ned either 
clinically36,37 or by reporting of symptoms.38

The Dallosso study34 results suggested that low intake levels of 
certain micronutrients may be associated with increased risk of 
OAB onset, the most signifi cant association being with vitamin 
D. Vitamin D and its metabolites are steroid hormones and have 
many important functions. Low vitamin D status is involved in 
the pathogenesis of several chronic diseases. Muscle wasting is a 
symptom of osteomalacia, the clinical condition resulting from 
vitamin D defi ciency in adults, and muscle atrophy has been 
described histopathologically in type II fi bers. The potential role 
of vitamin D in the function of the detrusor muscle needs to be 
considered. Because it is produced phytochemically in the skin 
by exposure to ultraviolet light, the level of dietary intake is not 
usually very important. Apart from the elderly and other at-risk 
groups, there is no recommended level of vitamin D intake in the 
United Kingdom.

This study34 also provided some evidence that lower intake 
levels of the B vitamins niacin and B6 may be associated with OAB 
onset. Bread and chicken are sizeable sources of niacin in the 
diet,39 and lower intake levels of both of these food groups showed 
an association with greater onset of OAB in our earlier analysis.33 
Niacin is involved in energy metabolism and is essential for 
normal functioning of various systems of the body, including the 
central nervous system. However, the literature also reports 
strong associations with folate and vitamin B12; this suggests that 
the B6 association with homocysteine may be due to the fact that 
the three vitamins share the same food sources.40 Potassium is 
very widespread in the diet, and a low intake is rare, sometimes 
occurring in people with bizarre or extremely low energy intakes. 
Potassium depletion in the body never results solely from an 
inadequate intake and is always associated with abnormal losses 
from the body. The largest sources in the diet are fruit and vege-
tables (30%) and refi ned grains (21%)41; in our earlier analysis, 
high intakes of vegetables and breads were associated with a 
reduced risk of OAB onset. A high potassium intake is generally 
considered an indicator of a “good quality diet,” mainly because 
of its association with high fruit and vegetable content. The asso-
ciated reduced risk of OAB onset could therefore be related to 
some aspect of a “healthy diet.”

Dietary Changes with Improvement of Defecation
Lubowski and colleagues42 reported that denervation of the exter-
nal anal sphincter and pelvic fl oor muscles (PFMs) may occur in 
association with a history of excessive straining on defecation. 
Many believe that, if these are lifetime habits, they may have a 
cumulative effect on pelvic fl oor and bladder function. There is 
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very little research that assesses the effect of regulating bowel 
function on incontinence and OAB. Spence-Jones and col-
leagues43 found that straining excessively at stool was signifi cantly 
more common in women with SUI and in women with prolapse 
than in women who experienced neither condition. Moller and 
coworkers44 reported an almost uniform positive association 
between straining at stool and constipation and lower urinary 
tract symptoms in women (N = 487) 40 to 60 years of age. Moller 
believed that chronic constipation and repeated straining efforts 
induce progressive neuropathy in the pelvic fl oor. Because 
research suggests that chronic constipation and straining may be 
risk factors for the development of incontinence and OAB, self-
care practices that promote bowel regularity should be an integral 
part of any treatment program.3

Treatment of elderly patients can signifi cantly improve lower 
urinary tract symptoms, which include urgency and frequency.45 
Suggestions to reduce constipation include the addition of fi ber 
to the diet, increased fl uid intake, regular exercise, external stim-
ulation, and establishment of a routine defecation schedule. 
Improved bowel function can also be achieved by determining a 
schedule for bowel evacuation so that the client can take advan-
tage of the “call to stool,” or the urge to defecate. The schedule 
should be determined by the client’s bowel elimination pattern 
and previous time pattern for defecation. Dougherty and col-
leagues46 conducted a randomized, controlled trial that incorpo-
rated reduction of caffeine consumption, adjustments in the 
amount and timing of intake of fl uids, and dietary changes to 
promote bowel regularity, which were termed “self-monitoring 
activities.” Women in the intervention group also received 
bladder training and biofeedback-assisted pelvic muscle exer-
cises. A total of 218 women with stress, urge, or mixed UI were 
randomized, and 178 completed one or more follow-ups. At 2 
years, the intervention group’s UI severity had decreased by 61%. 
Self-monitoring and bladder training accounted for most of the 
improvement.

Epidemiologic research has revealed several factors associated 
with UI in women, the most commonly reported being age, 
pregnancy, and childbirth. Risk factors that may be modifi able 
have not been investigated to the same extent. Inadequate control 
for confounding factors is a weakness of several studies, and 
many investigations have been performed in selected popula-
tions. The aim of one large population-based study47 was to 
evaluate the role of smoking and other modifi able lifestyle factors 
potentially associated with UI in women. A total of 27,936 women 
completed the incontinence part of the questionnaire. For the 
6876 incontinent women (24.6 %), a severity index was calcu-
lated based on the answers regarding frequency and amount of 
leakage, and the incontinence was categorized as slight, moder-
ate, or severe. The incontinence was also classifi ed into three 
different subtypes: stress, urge, and mixed UI. The participating 
women answered additional questions about many other topics, 
including smoking habits; intake of alcohol, tea, and coffee; and 
amount of physical activity. BMI was derived from the measure-
ments of height and weight (kg/m2) at the screening station. 
Proportions were used to describe the univariate relationship 
between UI and the ordered variables. Where relevant, possible 
interaction or confounding was evaluated by stratifi ed table anal-
yses and logistic regression. Logistic regression analyses were 
used to adjust for confounding and to establish the factors inde-
pendently associated with the outcome, and odds ratios (ORs) 
were the effect measure.

Effects were denoted as strong if the ORs were 1.8 or greater 
and weak if they were between 1.2 and 1.7. In all logistic regres-
sion analyses, women without incontinence served as the refer-
ence group. All analyses were performed separately for each of 
the different outcomes under investigation: any incontinence 
(all incontinent women), severe incontinence, and the different 
subtypes. The crude analyses showed that the prevalence of any 
UI increased with increasing age and increasing BMI. Former 
smokers reported incontinence more frequently than did current 
or never smokers. An increasing intake of tea and coffee seemed 
to be associated with a higher prevalence of incontinence, whereas 
the inverse relationship was true for intake of alcoholic beverages. 
The crude prevalences also suggested an association between 
physical activity and any incontinence. 

The prevalence of severe incontinence and of the different 
subtypes of incontinence varied in a pattern parallel to that for 
any incontinence, according to the factor in question. When 
smoking status was explored, there was no association between 
any incontinence and former or current smoking of less than 20 
cigarettes a day, but there was an increased and signifi cant OR 
for both former and current smoking of 20 cigarettes or more 
daily. The effect was stronger for severe incontinence. For the 
different subtypes of incontinence, smoking status showed an 
weak and signifi cant association only with mixed incontinence. 
Increasing BMI was strongly associated with any UI, with severe 
symptoms and with all subtypes An increasing amount of low-
intensity physical activity was related to slightly lowered odds for 
any incontinence, severe incontinence, and both SUI and mixed 
types of incontinence. High-intensity physical activity showed 
only weak and insignifi cant associations to either of the out-
comes. Daily tea drinkers had an increased risk for incontinence. 
The intake of tea was weakly associated with all three types, 
although not signifi cantly for the urge type. Coffee had no effect 
on any incontinence and a weak but signifi cant negative effect 
on severe incontinence and severe mixed type. The intake of 
alcohol showed no association with any of the outcomes under 
analysis.

Hannestad and colleagues47 found that former and current 
smoking was associated with incontinence only for those who 
smoked more than 20 cigarettes per day. Severe incontinence was 
weakly associated with smoking regardless of number of ciga-
rettes. The association between increasing BMI and incontinence 
was strong and was present for all subtypes. Increasing amounts 
of low-intensity physical activity had a weak and negative associa-
tion with incontinence. Tea drinkers had raised risk for all types 
of incontinence. No important effects of high-intensity activity 
or of intake of alcohol or coffee were found. This study was 
designed to describe associations, and accordingly no conclu-
sions could be drawn regarding causality. It remains for future 
research to establish whether modifi cation of associated lifestyle 
factors alters the prevalence of incontinence. Nevertheless, strate-
gies to discourage women from smoking should be implemented. 
At the very least, women should be educated on the relationship 
between smoking, UI, and OAB.3

Physical and Occupational Stressors: 
Sports and Fitness Activities

Another lifestyle behavior associated with triggering of SUI in 
young, healthy women is physical exertion. This is more common 
than health care professionals estimated, and it is one of the chief 
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complaints in the younger female population. Physically active 
women are more likely than sedentary women to experience 
incontinence, and the problem is most common in high-impact 
sports, such as running and basketball, because repetitive bounc-
ing can increase abdominal pressure and transmit the impact to 
the bladder. Because SUI occurs during physical exertion, we 
could say that this condition represents a major problem for 
females participating in fi tness programs or sports activities.

Regarding the problem of PFMs, there are two contradicting 
theories about female athletes and the strength of their PFM.48 
The fi rst theory is to consider that general physical activities 
strengthen all the body muscles, including the pelvic fl oor, and 
female athletes could have a strong pelvic musculature. The 
second theory is that heavy activities with repetitive pressure on 
the pelvic fl oor support may overload the pelvic fl oor and weaken 
these muscles over time. The PFMs play a major role in the con-
tinence control system. The speed and strength of PFM contrac-
tions may be one of the main causes.49 During stressful situations 
(physical exertion, strain), the levator ani muscles pull the vesical 
neck upward, and the urethra is compressed against a supportive 
layer composed of the endopelvic fascia and the anterior vaginal 
wall. The theory of Petros and Ulstem, with their prediction that 
defects of the vagina or its supporting ligaments adversely affect 
the dynamics of the pelvic fl oor and the ability of interacting 
forces to coordinate closing of the urethra, is another explanation 
of the SUI associated with physical activities.50 The high intra-
abdominal pressure and/or weakness or nonfunctioning of the 
levator ani leads to loss of support of the bladder neck and 
urethra. These two parameters represent the mechanical hypoth-
esis in the pathophysiology of SUI related to sports. Because of 
the rigidity of the abdominal wall, the pelvic diaphragm cannot 
play its role of “shock absorber.” Prevalence of SUI in young 
female athletes and women who exercise ranges from 8% to 
47%.

Nygard and associates51 studied the relationship between 
exercise and incontinence. A self-administered questionnaire 
assessed the prevalence of both exercise and incontinence in 326 
regularly exercising women (mean age, 38.5 years) attending 
private gynecologic offi ces. Eighty-nine percent exercised at least 
once a week, with an average practice of three times per week for 
30 to 60 minutes per session. Researchers found that 47% of 
regularly exercising women reported some degree of inconti-
nence. In another study52 involved a group of 156 nulliparous, 
elite college varsity female athletes (mean age, 19.9 years), who 
were asked to fi ll out a questionnaire about the occurrence of UI 
during participation in their sport and during activities of daily 
life. Overall, 40 athletes (28 %) reported urine loss while partici-
pating in their sport. Activities most likely to provoke inconti-
nence included jumping (basketball), running, and making 
impact on the fl oor as gymnasts do with dismounting or after 
fl ips.

Bourcier and Juras53 studied SUI in sports and fi tness activities 
in 59 women, whom they divided into two groups: group I (n = 
28) represented female athletes, and group II (n = 31) repre-
sented women who practiced sports on a regular basis. In group 
I, the mean age was 25.5 years (range, 21 to 29) and mean parity 
was 0.5 (range, 0 to 1); in group II, mean age was 28 years (range, 
23 to 32), and mean parity was 1 (range, 0 to 2). The degree of 
SUI was defi ned as severe (dripping incontinence on exercising), 
moderate (incontinence with heavy lifting, running), or mild 
(incontinence in jumping). In the athlete group, the prevalence 

of SUI symptoms was 7% for severe, 24% for moderate, and 33% 
for mild incontinence. Bourcier and coworkers48 studied the 
relationship between physical activity and incontinence. A self-
administered questionnaire assessed the prevalence of both 
exercise and incontinence in two groups of patients; 480 women 
(group I; mean age, 48.5 years) with no regular practice of sports 
and 120 women (group II; mean age, 28 years) who practiced 
sports on regular basis (>5 hr/wk) were investigated. The inves-
tigators reported that urine loss in group I was related to sneezing 
or coughing in 87% of the women; in group II, urine loss was 
related to running or tennis in 38% and aerobics in 35%.

The purpose of the study by Larsen and Yavorek54 was to 
determine the prevalence of UI and to assess the stages of pelvic 
support in a population of nulliparous, physically active college 
students at the United States Military Academy. This was an 
observational study of 143 female cadets. Cadets in the freshman 
and sophomore classes were asked to participate in an ongoing 
study comparing UI and pelvic organ support before and after 
attending military jump school. The results were as follows. 
Overall, the group of women were found to be very physically 
active, with 69.2% (99/143) exercising four or more times per 
week and 91.6% (131/143) working out three or more times. 
Additionally, 49.7% (60/131) of those exercising spent 60 minutes 
or more per session. Running was the most common form of 
exercise, with 77.6% (111/143) running for at least part of their 
workout. Of the women examined, 50.3% (72/143) were found 
to be at pelvic prolapse stage 0 and 49.7% (71/143) at stage I. A 
total of 18.8% (27/143) women who reported recurrent inconti-
nence, with the largest percentage (44%) being SUI by history. 
The conclusion of the authors was that 50% of nulliparous cadets 
had stage I prolapse on standardized pelvic support examination, 
primarily in the anterior compartment. A small percentage 
admitted to incontinence at the time of examination. This study 
indicates that trauma from physical activity might cause pelvic 
support defects that could predispose women to incontinence 
problems later in life.

Because the percentage of women who exercise and partici-
pate in sports is increasing, it is important to determine what 
effect this increase has on pelvic support. Jorgensen and cowork-
ers55 reported that Danish nursing assistants, who are exposed to 
frequent heavy lifting, were 1.6-fold more likely to undergo 
surgery for pelvic organ prolapse or UI than women in the general 
population. Fitzgerald and colleagues17 surveyed women who 
worked for a large academic center. Of the 1113 women surveyed, 
21% (n = 232) reported UI at least monthly. Incontinent women 
were signifi cantly older and had a higher BMI than continent 
women. Women in this study used self-care practices such as 
using absorbent products or limiting fl uids.

Several studies have reported on the relationship between UI 
and military training and activities. Women in the military have 
physically demanding roles, and the presence of UI can interfere 
with lifestyle as well as ability to perform assigned duties. Sherman 
and associates56 found that 27% (N = 450) of U.S. female army 
soldiers (average age, 28.5 years) experienced problematic UI, 
with 19.9% saying they leaked signifi cantly during training tests. 
However, only 5.3% felt that urine leakage had a signifi cant 
impact on their regular duties. This may due to the fact that 
30.7% women stated that they took precautions such as voiding 
before training, wearing “extra-thick” pads, and limiting fl uid 
intake. A very disturbing fi nding in this study was that 13.3% of 
women restricted fl uid intake while participating in strenuous 

Ch019-X2339.indd   217 1/31/2008   2:18:49 PM



218 Section 4 OVERACTIVE BLADDER

fi eld training. A third study57 looked at women fl ying in high-
performance combat aircraft. Aircrews who fl y in high-gravity 
aircraft perform an M-1 maneuver, which is a modifi ed Valsalva 
with an isometric contraction of the lower extremities. This 
movement may place women pilots at risk for urine loss due to 
increased intra-abdominal pressure and increased gravity load. 
Results of a questionnaire of aircrew (N = 274) indicated that 
26.3% had experienced urine loss at some time. However, pilots 
did not have higher UI rates than women in other positions (e.g., 
navigators, weapon systems operators). In this study, as in others, 
crew position, history of vaginal delivery, and age were found to 
be signifi cant risk factors.3

The data from these studies demonstrate that UI is not rare 
among young women. We think that young incontinent women 
need an appropriate treatment to prevent the possible worsening 
of symptoms, and it seems logical to develop strategies for screen-
ing those with high risk factors.58 We assume that UI is a female 
disease with much higher prevalence than medical literature has 
demonstrated and with a surprisingly high prevalence in groups 
of physically active women.48,53 Based on our current knowledge 
of the effect of pelvic fl oor muscle training (PFMT), we recom-
mend that specifi c training pelvic programs be proposed as the 
fi rst choice of treatment. The perineal blockage technique and 
the Knack technique appear to be effective adjunctive modalities 
for pelvic fl oor rehabilitation and can be proposed for active 
women.48,53 The impact of carefully instructed pelvic fl oor exer-
cises on sports incontinence has not been as benefi cial as that in 
a normal female population.

BLADDER RETRAINING AND PELVIC FLOOR 
MUSCLE EXERCISES

Bladder Retraining

No single treatment modality should be considered the fi rst 
choice of treatment in the management of either the unstable 
bladder or the urge syndrome. Bladder retraining, sometimes 
termed bladder drill, is a noninvasive treatment modality that has 
been used not only for these two conditions but also for mixed 
incontinence and even SUI.59 It has been widely studied over the 
last 20 to 25 years, although little scientifi c work has been pub-
lished recently. An excellent review of the subject is available in 
the Cochrane Library.60 Bladder retraining is a form of behavioral 
therapy in which a patient with an intact nervous system 
“relearns” to inhibit a detrusor contraction or a sensation of 
urgency. Such behavioral therapies include biofeedback, hypno-
therapy, and acupuncture. There are good reasons why behav-
ioral methods or therapies may be of value in idiopathic urge 
syndromes. Although these have been a subject of review,59,61 they 
can be summarized as follows:

■ A strong emotive event in a patient' life may be the initial 
trigger for urinary symptoms.

■ Patients with detrusor instability have a higher neuroticism 
score on formal testing than do patients with genuine 
SUI.

■ There is relationship between detrusor instability and 
hysterical personality trait.

■ Patients with detrusor instability are more likely to have 
psychosexual problems than patients with genuine SUI.

■ Other behavioral forms of therapy, such as hypnosis, are 
effective methods of treatment.

■ Treatment is itself associated with a strong placebo effect, 
which has been estimated at between 4% and 47% in clini-
cal trials.

A frequently used treatment regimen59 can be broken into the 
following components:

■ Exclude pathology.
■ Explain the condition to the patient.
■ Explain the treatment and its rationale to the patient.
■ Instruct the patient to void at set times during the day, for 

instance, every hour. The patient must not void between 
these times; she must wait or be incontinent.

■ The voiding interval is increased by increments (of perhaps 
30 minutes) after the initial goal is achieved, and the 
process is then repeated.

■ The patient should have a normal fl uid intake.
■ The patient should keep her own input and output chart. 

The increasing volumes of urinary output at increasing 
intervals act as a reinforcement reward.

■ The patient should receive praise and encouragement on 
reaching her daily targets.

Typical results note that up to 90% of patients become conti-
nent, although there is a relapse rate up to 40% within 3 years of 
treatment. Such relapses could be treated by reinstitution of a 
retraining program.

Most patients with a urodynamically demonstrable unstable 
bladder who were rendered symptom free also became stable 
on urodynamic assessment.59 Several studies have compared 
bladder retraining regimens with pharmacologic treatment. 
Further studies have addressed the issue of supplementing bladder 
retraining with drug treatment. Although the data from such 
studies are currently limited, there is no evidence so far that sup-
plemental drug therapy is superior to bladder retraining alone.59,61 
Therefore, bladder retraining appears to be equal or superior to 
drug treatment and may have greater long-term benefi ts.

There are numerous areas for future study. There is a lack of 
consistency in bladder retraining programs. There is a need not 
only to evaluate an optimal program but also, most importantly, 
to identify the optimal increment in both the voiding interval and 
the rate at which the voiding interval is iterated after attainment 
of each stage of the regimen. A shorter initial voiding interval, 
for instance, may be necessary for women with more intense 
frequency or with less confi dence. There is clearly a popular 
benefi t from widespread treatment in a community as opposed 
to treatment of a small number of patients in hospital, but there 
is a need to determine the optimal supervision in the community. 
There is a need for comparison between bladder retraining and 
other physical interventions. There are limited data, for instance, 
comparing bladder retraining with PFMT, estrogen replacement, 
and electrical stimulation. Bladder retraining is an effective treat-
ment for women with urge, stress, or mixed UI. It is not yet clear 
whether the urodynamic diagnosis specifi cally affects the likeli-
hood of success. There is a lack of consistency in bladder retrain-
ing programs, and an optimal regimen needs to be identifi ed. 
However, it is possible that regimens will need to be tailored 
to the individual patient.59 Bladder retraining appears to have 
benefi ts similar to those of drug treatment; it does not appear 
to be benefi ted by supplementary drug treatment; and it may 
have greater long-term benefi ts than drug therapy. Bladder 
retraining appears to be largely free of adverse effects and is 
acceptable to patients.59
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Pelvic Floor Muscle Exercises

The role of the PFMs in urge incontinence is less clear. Therapy 
is usually based on improving PFM function—in particular, the 
ability to sustain a contraction—and then using the improved 
muscle function in a bladder retraining program. Refl ex inhibi-
tion of a detrusor contraction may be possible by producing a 
voluntary contraction of the striated muscles of the pelvic fl oor 
and activating the perineodetrusor inhibitory refl ex, as described 
by Mahony and colleagues.62 PFM exercises are also used for the 
treatment of OAB. The rationale behind the use of PFMT to treat 
urge incontinence is the observation that electrical stimulation of 
the pelvic fl oor inhibits detrusor contractions. The aims of this 
approach are to inhibit detrusor muscle contraction by voluntary 
contraction of the PFMs when the patient has the urge to void 
and to counteract the fall in urethral pressure or urethral relax-
ation that occurs with an involuntary detrusor contraction.63 
It has been suggested that refl ex inhibition of detrusor contrac-
tions may accompany repeated voluntary PFM contraction or 
maximum contractions (Fig. 19-1).

Clinical Results: Bladder Retraining and Pelvic Floor 
Muscle Exercises

Berghmans and associates64 recently reviewed the literature con-
cerning the effectiveness of pelvic fl oor exercises for the treat-
ment of OAB and concluded that, although bladder retraining 
seems to yield some benefi t, the available data are insuffi cient to 
fully evaluate the effi cacy of this strategy. Conservative treatment 

of women with UI, specifi cally PFMT and bladder retraining, is 
recognized as effective therapy.65 Only three published reports of 
a single-session group education were identifi ed, but none 
assessed improvement of pelvic fl oor contraction strength, an 
expected outcome of PFMT, or lengthening of intervoid interval, 
an expected outcome of bladder retraining.66-68

Frequency-volume charts (FVCs) are an important tool in the 
investigation of patients with lower urinary tract dysfunction, 
because they provide the ability to study lower urinary tract func-
tion during normal daily activities. The information obtained by 
FVCs is currently limited to the number of voidings, the voided 
volumes, the distribution of voidings between daytime and night-
time, the registration of episodes of urgency and leakage, and the 
number of incontinence pads used. Little research has been done 
to incorporate a sensory evaluation into these charts. However 
adequate sensation of bladder fi lling is important for proper 
bladder function. Currently, sensory information related to 
bladder fi lling is mainly deducted from cystometric studies in 
which the patient is catheterized and, in case of conventional 
cystometry, the bladder is artifi cially fi lled. To what extent these 
factors confound the sensory evaluation remains unknown. De 
Wachter and Wyndaele69 studied whether FVCs can be used as a 
noninvasive tool for sensory evaluation. Furthermore, they 
studied the agreement between sensory data derived from these 
charts and data obtained during conventional cystometry. Fifteen 
healthy female, nulliparous students, without urologic history, 
between 18 and 24 years old, were asked to fi ll out a 3-day FVC 
during normal daily activities. They noted the time and volume 
of each micturition and scored the grade of perception of bladder 
fullness according to predefi ned grades before each micturition. 
All volunteers also underwent a conventional cystometric bladder 
fi lling at 30 mL/min and were asked to describe all sensations 
related to bladder fi lling. They also correlated these sensations to 
the same predefi ned grades of perception of bladder fullness that 
were used on the FVCs. Data from this pilot study showed that 
the information obtained from FVCs can be extended beyond 
just recording “classic” parameters such as voided volumes: these 
charts can be used as a noninvasive, inexpensive tool to evaluate 
sensations of bladder fi lling during normal daily activities. More-
over, sensory data deducted from FVCs show good agreement 
with sensory data from cystometric bladder fi lling. Because the 
largest proportion of the micturitions was made without a desire 
to void in the healthy female population we studied, the distribu-
tion of sensation-related micturitions may provide a new param-
eter to study bladder behavior. Including a sensory evaluation 
into FVCs and evaluating the distribution between sensation-
related and non–sensation-related micturitions may improve the 
power of these charts to discriminate among different patholo-
gies. The use of these “sensation-related FVCs” is currently being 
investigated in groups of incontinent patients.64

In a randomized controlled trial, Sampselle and colleagues70 
examined changes in pelvic fl oor contraction strength and inter-
void interval at 12 months after intervention in women who 
attended a single group teaching session followed up with a single 
brief individual visit. They further examined the treatment 
group’s knowledge of PFMT and bladder training as well as tech-
nique and adherence. Volunteers who qualifi ed from telephone 
screening were randomly assigned to a control (no treatment) 
group or to a treatment group that received the behavioral modi-
fi cation program. Both groups underwent clinical baseline 
screening and evaluation of pelvic fl oor contraction strength 
(measured by palpation of pressure and displacement), as well as 

Figure 19-1 Pelvic fl oor muscle strength is important to the control 
of urge incontinence. Patients are taught “urge strategies” to 
prevent loss of urine. The goal is to challenge the urgency by using 
pelvic fl oor muscles to inhibit the involuntary detrusor contraction; 
this is accomplished by rapidly contracting the pelvic fl oor muscles 
and taking a deep breath. Pabd: Intra-abdominal pressure; Pdet: 
Detrusor pressure; Pves: Intra vesical pessure; SSUE: Externam 
Striated Urethral Sphincter; PFM: Pelvic Floor Muscles.
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documentation of intervoid interval (measured by a 3-day 
voiding diary). The treatment group received a 2-hour classroom 
presentation of the anatomy and physiology of continence, with 
an explanation of the rationale and verbal instruction in PFMT 
and bladder training. This was followed in 2 to 4 weeks with an 
individualized evaluation to test knowledge (measured by 
response to eight multiple-choice items), technique (measured 
by palpation), and adherence (measured by report of practice). 
Brief additional instruction in PFMT and bladder training was 
provided as needed. Follow-up was by phone and mail every 3 
months except at the 12th month, when all participants under-
went a fi nal clinical examination.

A total of 195 control and 164 treated participants completed 
the study.70 In the treatment group, mean knowledge at 2 to 4 
weeks after instruction was 87% for PFMT and 89% for bladder 
training. Palpation of PFMT technique revealed that 65% of par-
ticipants needed no further instruction, and 32% required brief 
individual instruction (approximately 5 minutes); 3% were 
unable to demonstrate effective PFM contraction techniques 
after individual instruction and were excluded from the study. 
With respect to adherence, participants in the behavioral modi-
fi cation program were encouraged to practice PFMT every day 
throughout the 12-month postinstruction period. At the 3-
month data point, 82% of participants reported practicing PFMT 
two to three or more times per week. At 12 months, the treatment 
group demonstrated signifi cant increases in pelvic fl oor contrac-
tion pressure (P = .0008) and displacement (P < .0001), com-
pared with controls. Intervoid interval also was signifi cantly 
lengthened for those in the treatment group compared with the 
control group (P < .0001). A regression model that adjusted for 
UI level at baseline and other covariants, including race, age, and 
education, revealed a treatment group effect that was signifi cant 
at P < .0001 for each of the three outcomes (i.e., pelvic fl oor 
contraction pressure, displacement, and intervoid interval). The 
authors concluded70 that this randomized controlled trial of the 
effectiveness of group teaching of behavioral therapies followed 
by brief individual instruction as needed demonstrated positive 
effects on knowledge, technique, and adherence. The signifi cant 
12-month outcome differences between treatment and control 
groups provided evidence that this was an effective method to 
teach these behavioral therapies.

Clearly, the necessary knowledge and skills were imparted 
to enable women to perform PFMT and bladder training at 
levels that resulted in signifi cant differences in pelvic fl oor con-
traction strength and lengthened intervoid interval. The greater 
effi ciency of instruction when provided to groups rather than 
individually warrants further study to document cost-effective-
ness outcomes.

BIOFEEDBACK THERAPY

Biofeedback can be defi ned as the use of monitoring equipment 
to measure internal physiologic events, or various body condi-
tions of which the person is usually unaware, to develop con-
scious control of body processes. Biofeedback uses instruments 
to detect, measure, and amplify internal physiologic responses 
to provide the patient with feedback concerning those 
responses.71,72

The most common modalities of biofeedback involve electro-
myography (EMG), manometry, thermal measurement, electro-
encephalography (EEG), electrodermal feedback, and respiration 

rate. The instruments include sensors (EMG, pressure sensors) 
for detecting and measuring the activity of anal or urinary sphinc-
ters and PFMs, and techniques also have been developed to 
measure activity of the detrusor muscle for treatment of UI. A 
major reason for high interest in biofeedback is that the patient 
is actively involved in treatment. Biofeedback has now gained 
several potential applications for urologic conditions, having 
been successfully used for patients with urologic disorders such 
as detrusor instability.

Biofeedback is a very specifi c treatment that can restore 
bladder control by teaching patients to modulate the mecha-
nisms of continence. Also, behavioral therapy can be used in 
combination with pharmacologic therapy to provide an excellent 
response with minimal side effects.73

For biofeedback to be useful, several conditions must be met. 
There must be a readily detectable and measurable response (e.g., 
bladder pressure, PFM activity), and there must be a perceptible 
cue (e.g., the sensation of urgency) that indicates to the patient 
when control should be performed. Of particular importance is 
the patient’s ability to modify bladder function through operant 
conditioning. In the application of biofeedback to the treatment 
of UI, the concepts of neurophysiology of voiding and learning 
and conditioning are combined to accomplish the clinical objec-
tive of voluntary control of bladder function.74,75

Cystometric Biofeedback

During cystometry, bladder pressure readings are available to the 
patients and may provide a mechanism for feedback that allows 
them to acquire better control. An overactive detrusor contrac-
tion with imperative urge should be inhibited before it escalates. 
Cystometric biofeedback is used to teach the patient how to 
recognize and inhibit detrusor contractions. Other authors have 
described similar methods.76

The original technique for biofeedback in the management 
of idiopathic detrusor instability was described by Cardozo and 
colleagues.77 After an initial explanation, the patient’s detrusor 
pressure was measured cystometrically and recorded on a chart 
recorder. A voltage-to-frequency converter was connected to the 
detrusor pressure strain-gauge amplifi er. This emitted an auditory 
signal rather like a siren. Alternatively, for patients who exhibited 
confusing rectal contractions during the treatment sessions, the 
auditory feedback could be transferred to the intravesical-pressure 
strain gauge. The gain and frequency range were adjusted to 
suit the individual patient, but once a baseline tone was decided 
upon, the note emitted through the loudspeaker increased in pitch 
as the detrusor pressure rose and decreased as it fell. A mirror was 
positioned in such a way that the patient could observe the detru-
sor (or intravesical) pressure tracing. Female patients attended 
four to eight 1-hour sessions, during which the bladder was fi lled 
two or three times with 0.9% saline prewarmed to body tempera-
ture. When detrusor contractions occurred, they could be heard 
and seen, and these signals were associated with the symptoms of 
urgency and urge incontinence.

The women were instructed to attempt to control the pitch of 
the auditory signal by deep breathing, general relaxation, tighten-
ing certain muscle groups, or any other means they found helpful. 
As patients learned to control their detrusor pressure during 
supine cystometry, provocative maneuvers such as erect cystom-
etry, laughing, coughing, and running the water taps were 
employed.78 Burgio and colleagues79 used a similar technique of 
bladder biofeedback in a behavioral training program for older 
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men and women with urge incontinence. During training ses-
sions, patients observed bladder pressure during retrograde fi lling 
and practiced keeping bladder pressure low. Cystometric bio-
feedback requires the use of a transurethral bladder catheter and 
a rectal pressure monitor for suppression of the uninhibited con-
tractions (Fig. 19-2). The bladder catheter measures increases in 
intravesical pressure indicative of uninhibited contractions. The 
rectal catheter measures and subtracts the intra-abdominal pres-
sure. Artifi cial fi lling of the bladder is necessary for this technique 
of biofeedback and represents more accurately the conditions 
under which continence must be achieved during regular daily 
activities. Although this concept appears to be clinically relevant, 
fi lling of the bladder requires catheterization, with its associated 
discomfort and a small degree of risk. Such therapy could be 
proposed using urodynamics equipment with the biofeedback 
included.

Pelvic Floor Muscle Biofeedback

The three common signal sources (bladder pressure, anal sphinc-
ter pressure, and vaginal EMG) are signifi cantly altered by 
increases in intra-abdominal pressure. Simultaneous measure-
ment of abdominal activity should be done with all biofeedback 
therapy techniques. Intra-abdominal pressure can be measured 
easily using an internal rectal balloon. Electromyographic activity 
of the rectus abdominis muscles can be determined by surface 
electrodes. The abdominal muscle activity is displayed via two 
active electrodes placed 3 cm apart just below the umbilicus. A 
ground electrode is placed on a convenient bony prominence, 
such as the iliac crest.73,80,81 Myographic biofeedback training has 
a twofold purpose: to increase the activity of weak muscle groups 
and to promote relaxation of spastic or tense muscles. Biofeed-

back equipment has become sophisticated, and there are two 
basic types designed to suit the setting in which biofeedback is 
implemented: the outpatient clinic, where the patient is trained 
using a comprehensive clinic system, and the individual’s home, 
where a smaller unit is used, generally on a more frequent basis. 
Abdominal muscle activity should be monitored simultaneously 
with PFMs so that patients can learn to contract the PFMs selec-
tively. These measurements can be accomplished through a two-
channel system.

Another approach to biofeedback for UI79,82 combines bladder 
pressure and pelvic fl oor musculature biofeedback in a procedure 
that provides simultaneous visual feedback of bladder, external 
anal sphincter, and intra-abdominal pressures. Using two-
channel biofeedback (one with surface electrodes and one using 
an internal rectal balloon), patients are taught to contract and 
relax the PFMs selectively without increasing bladder pressure or 
intra-abdominal pressure.

The initial step in treatment is to help the patient identify the 
PFMs. It is important to test contractility and to know how the 
patient contracts the PFMs when instructed to squeeze around 
the examining fi ngers. Very often, the contraction is performed 
incorrectly (Fig. 19-3). Instead of lifting up with the muscles, 
the patient is observed to be bearing down, which is counter-
productive because it increases intra-abdominal pressure and 
therefore bladder pressure.82-84 This response has been referred to 
as a “reversed perineal command”82,85 or a “paradoxical perineal 
command.” The frequency of such incorrect contraction is about 
22% in women after childbirth, and it decreases to about 10% in 
women in the perimenopausal period. Bump and colleagues86 
reported that 50% of women were unable to perform a voluntary 
PFM contraction after brief verbal instruction, and as many as 
25% mistakenly performed a Valsalva maneuver. This type of 

Figure 19-2 During cystometric biofeedback, bladder pressure readings are available to the patient and may provide feedback that allows 
the patient to acquire better control. The rectal catheter measures and subtracts the intra-abdominal pressure. When detrusor contraction 
occurs, it can be seen on the screen. The patient is requested to produce a voluntary pelvic fl oor contraction when she feels the strong urge 
to void. Pabd (top): Intra-abdominal pressure; Pves (middle): Intra-vesical pressure.
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improper PFM activity needs to be identifi ed and eliminated as 
soon as possible. 

It seems clear that patients who bear down in this way must 
be identifi ed before being asked to practice Kegel exercises at 
home, or the efforts will be futile. In addition, such maneuvers 
might increase vaginal wall descent or worsen UI by increasing 
intra-abdominal pressure. Except for the group of patients who 
are unable to perform a proper voluntary pelvic fl oor contrac-
tion, it seems very rare to perform a voluntary pelvic fl oor con-
traction without a co-contraction of the abdominal muscles. 
Research suggests that it is not possible to maximally contract the 
PFM without co-contraction of transverse abdominal muscle 
(transversus abdominis). Contraction of this muscle can be 
observed as a pulling in of the abdominal wall with no movement 
of the pelvis. During the initial biofeedback session, it is also 
common to observe patients perform pelvic muscle contractions 
accompanied by contraction of synergistic muscles such as 
adductors (pressing the knees), or gluteal muscles (squeezing the 
buttocks). This natural substitution of the stronger muscles for 
the weakened or minimally perceived motor response can also 
have negative consequences.

An instrumentation system allows multiple measurements 
and modalities to be displayed on a monitor and stored in a 
computer database. Feedback must be relevant in order to 
enhance learning and to focus on agonist (levator ani) and antag-
onist (abdominal) muscles. Patients should be able to recognize 
that the proper muscles are being used appropriately. Therapy is 

fi rst concentrated on inhibition of the antagonist muscles and 
decreasing the activity of surrounding muscles while increasing 
the response of the agonists. Because the aim of performing the 
contraction is to contract the PFMs correctly, the proprioceptive 
signals generated by the substituting muscles can easily be mis-
interpreted as originating from the pelvic fl oor rather than from 
the strong antagonist muscles. When the substituting muscles 
contract, their afferents can mask low-intensity sensory signals 
that may be generated by the weakened PFMs. This faulty maneu-
ver perpetuates the substitution pattern and delays the develop-
ment of increased awareness of the isolated PFMs. During the 
initial session (Fig. 19-4), this pattern occurs quite often as the 
patient attempts to contract her PFMs by moving the upper part 
of the abdomen, even rising off the table.

When the patient is instructed to relax the abdominal muscles 
or the surrounding muscles (adductors/gluteal), substitution of 
the interfering muscles may be detected by the biofeedback 
equipment. An abdominal substitution pattern used when 
attempting to “hold back” leads to a false maneuver of pushing 
down, which causes a rise in intra-abdominal pressure. With 
such recruitment, the contraction would only maximize a rise of 
intra-abdominal pressure, resulting in an increase in EMG 
abdominal signals.

To minimize inappropriate tensing, it is helpful to train 
patients to keep these muscles relaxed when trying to prevent 
urine loss. For this purpose, patients are instructed to breathe 
evenly and to relax abdominal muscles. During the training 

A B
Figure 19-3 Recording of electromyographic (EMG) surface activity of pelvic fl oor muscles (bottom), urethral pressure (middle), and vesical 
pressure (top) during a hold maneuver. The graphs demonstrate abnormal voluntary perineal contractions. A, Paradoxical Perineal 
Command: Instead of lifting up the anus and vagina in drawing up, the patient is observed to be bearing down or pushing, which is 
counterproductive because it increases intra-abdominal pressure and therefore bladder pressure. From bottom to top, four tracings: Surface 
EMG of Pelvic fl oor muscles activity (bottom); Urethral pressure Profi le (second); Vesical Pressure (third); Differential pressure: Urethral 
Pressure minus Vesical Pressure (top). B, Co-contraction of abdominal muscles. Some patients use antagonist muscles when contracting the 
pelvic fl oor From bottom to top, four tracings: Surface EMG of Pelvic fl oor muscles activity (bottom); Urethral Pressure Profi le (second); 
Vesical pressure (third); Differential pressure: Urethral Pressure minus Vesical Pressure (top).
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sessions, the patient is also asked to place one hand on her lower 
abdomen to palpate the faulty abdominal contraction.

Biofeedback therapy provides the patient with better voli-
tional control over skeletal muscles such as levator ani and 
urinary sphincter, heightened sensory awareness of the pelvic 
fl oor area, and decreased muscle antagonist contractions. PFM 
strength and control are also important to the control of urge 
incontinence.79,82 Patients with urge incontinence are taught 
“urge strategies” to prevent loss of urine during detrusor contrac-
tions. Patients with urge incontinence typically report that they 
rush to the toilet when they experience a sensation of urgency to 
void. Voluntary PFM contraction to control urge has been shown 
to be effective in the management of urge incontinence.79,82,87,88 
Godec and colleagues89 inhibited refl ex contraction of the detru-
sor muscle with an electrically stimulated contraction of the 
PFM. Refl ex inhibition of detrusor contractions may accompany 
repeated voluntary pelvic fl oor contractions.90 Patients are taught 
a more effective pattern of responding to urgency. They are told 
not to rush to the toilet, because this movement increases abdom-
inal pressure on the bladder, increasing the likelihood of incon-
tinence. Instead, they are encouraged to pause, sit down if 
possible, practice relaxing, and contract the PFMs maximally 
several times in an effort to diminish urgency, inhibit detrusor 
contraction, and prevent urine loss. When urgency subsides, they 
then proceed at a normal pace to the toilet.79,82,87 Multichannel 
systems (Figs. 19-5 and 19-6) allow pressure and EMG measure-
ments as well as abdominal measurements, thereby providing the 
clinician with multiple methods of biofeedback.

Clinical Results

Many studies have demonstrated that treatment with biofeed-
back reduces incontinence. The data show clearly that the treat-
ments are safe and effective, and they yield high levels of patient 
satisfaction. Cardozo and colleagues91 reported a study of 34 
women between the ages of 16 and 65 years treated by bladder 
biofeedback. They were given an average of 5.4 sessions of cysto-
metric biofeedback. Female patients were treated in 4- to 8-hour 

sessions at weekly intervals, during which the bladder was fi lled 
two to three times using 0.9% saline prewarmed to body tem-
perature. A total of 87% were cured or improved subjectively and 
60% objectively. No patient’s condition was worsened by bio-
feedback. The six patients who failed to improve had severe 
detrusor instability, with detrusor contractions greater than 
60  cm H2O and a cystometric capacity of less than 200  mL. They 
found it impossible to inhibit detrusor activity. One of them was 
later found to have multiple sclerosis. Patient follow-up proved 
diffi cult, but of 11 women who were initially cured or improved, 
4 remained completely cured and 2 had undergone surgery. 
These long-term results seem disappointing, but all the patients 
in the group had previously failed drug therapy.92

Millard and Oldenburg93 used bladder training, bladder bio-
feedback, or a combination of both to treat 59 women with fre-
quency, nocturia, urgency, and urge incontinence. The women 
underwent urodynamic testing, which revealed detrusor instabil-
ity alone in 38 women, detrusor instability and sphincter incom-
petence in 6, sensory urgency in 12, and sensory urgency and 
sphincter incompetence in 3. All patients were initially hospital-
ized for 5 to 14 days and then assigned to either a Frewen-type 
bladder training program or a weekly outpatient biofeedback 
program. Millard and Oldenburg stated that “biofeedback was 
undoubtedly the most useful of the techniques.”55 They claimed 
a 74% rate of cure or major improvement for patients with detru-
sor instability. None of the patients with detrusor instability and 
urethral incompetence was cured, although three of them 
improved, with conversion to stable cystometry. Of the women 
with sensory urgency, 92% benefi ted. It is diffi cult to see how 
biofeedback could have helped them, because their symptoms 
could not have been associated with cystometric changes. We 
think that patients were using their inhibition skills to abort 
detrusor contractions and give themselves enough time to reach 
the bathroom; it is diffi cult to separate components of treatment 
(bladder retraining, biofeedback).

Kjolseth and colleagues94 assessed the outcome of biofeedback 
therapy (bladder fi lling with visual stimuli) in 15 children (6 to 
12 years of age) and 7 adults (aged 20 to 50 years) with cysto-
metrically proven detrusor instability. Detrusor pressure was 
visually conveyed to the patient during repeated bladder 
fi llings.

Patients were instructed to inhibit detrusor pressure incre-
mentally by tensing the pelvic fl oor musculature. None of the 
children was completely cured, but nine showed a marked 
decrease in the number or extent of symptoms. Two children 
showed moderate improvement, and for four children the treat-
ment failed. One adult was completely cured, two showed mod-
erate improvement, and four remained the same. None of these 
patients was converted to stable bladder.

In an uncontrolled study, Burgio and colleagues79,82 demon-
strated an 88% reduction in incontinence episodes in elderly men 
with urge incontinence who participated in an average of four 
30-minute biofeedback training sessions. O’Donnell and Doyle95 
treated 20 male patients (>65 years old) with urge incontinence 
using 1-hour sessions twice weekly for 5 weeks. The mean number 
of incontinence episodes was decreased from 5.1 to 2.0 per day 
after treatment. Burns and colleagues96,97 conducted a random-
ized clinical trial of vaginal EMG biofeedback in the treatment of 
SUI or mixed UI.9 As part of this trial, older women (>55 years 
old) were assigned to 8 weeks of biofeedback-assisted PFMT. A 
no-treatment control group contained 38 subjects. Biofeedback 
combined with daily practice resulted in a mean 61% reduction 
in frequency of urine losses; this was not signifi cantly better than 

Figure 19-4 The initial step in treatment is to help the patient 
identify the pelvic fl oor muscles. During the session, the patient 
needs to be comfortably installed with legs slightly apart and 
abducted. Patient is instructed to breathe evenly and to relax 
abdominal muscles.
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training without biofeedback, which resulted in a mean 59% 
reduction of incontinence. Both results were signifi cantly better 
than the mean 9% increase in incontinence demonstrated by the 
control group.

Because the mechanisms of urge incontinence are in some 
ways different from the mechanisms for SUI, the role that bio-
feedback plays in treating these conditions may be different as 
well. The contribution of biofeedback in the treatment of urge 
incontinence was examined in a randomized study of 20 older 
men and women with persistent urge incontinence.98 Patients 
who were trained without biofeedback responded as well to treat-
ment as those trained with bladder-sphincter biofeedback. Later, 
a larger randomized controlled trial corroborated this fi nding. 
Burgio and colleagues82,88 studied 222 older women with pre-
dominantly urge incontinence. Patients were randomly assigned 
to behavioral training with biofeedback, behavioral training 
without biofeedback, or behavioral training with a self-help 
booklet. Instead of biofeedback, training was done with verbal 
feedback based on vaginal palpation. Patients in the biofeedback 
group showed a 63% reduction of incontinence, which was not 
signifi cantly different from the 69% reduction in the verbal feed-

Figure 19-6 Multichannel system allows pressure and 
electromyographic measurements as well as abdominal 
measurements. (Courtesy of Incare Medical Products Inc.).

Figure 19-5 The unit used by the patient at home could be connected the stationary device. (Courtesy of HMT Inc.)

Ch019-X2339.indd   224 1/31/2008   2:18:54 PM



 Chapter 19 CONSERVATIVE MANAGEMENT OF OVERACTIVE BLADDER 225

back group. These fi ndings indicate that careful training with 
verbal feedback is as effective as biofeedback in the fi rst-line treat-
ment of urge incontinence, and that biofeedback can be reserved 
for those cases in which women cannot successfully identify their 
muscles. Stein and colleagues evaluated the long-term effective-
ness of transvaginal or transrectal EMG biofeedback in 28 patients 
with stress and urge incontinence.99 Sixty percent of the patients 
had detrusor instability, as demonstrated by urodynamics. 
Biofeedback successfully treated 5 (36%) of 14 patients with 
SUI and 9 (43%) of 21 with urge incontinence. The treatment 
response was durable throughout follow-up, from 3 to 36 months, 
in all of the responding patients. The authors concluded that 
biofeedback is a moderately effective treatment for stress and 
urge incontinence and should be offered to patients as a treat-
ment option.

PFMT with biofeedback is also effective for treatment of pre-
dominantly urge incontinence. Burgio and colleagues82,87 con-
ducted a randomized clinical trial to compare biofeedback-assisted 
behavioral training with drug therapy (oxybutynin chloride) for 
treatment of urge incontinence in ambulatory, community-
dwelling older women. A volunteer sample of 197 older women 
(55 to 92 years of age) was evaluated. Subjects were randomized 
to four sessions (8 weeks) of biofeedback-assisted behavioral 
treatment, drug treatment, or a placebo control condition. Daily 
bladder diaries were completed by patients before, during, and 
after treatment. Behavioral training, which resulted in a mean 
80.7% improvement, was signifi cantly more effective than drug 
treatment (mean, 68.5% improvement; P = .009). Similarly, a 
larger proportion of subjects in the behavioral group achieved at 
least 50% and 75% reductions of incontinence (P = .002 and 
P = .001, respectively). Although the values for full recovery of 
continence (100%) followed a similar pattern, the differences 
were not statistically signifi cant (P = .07). Several secondary 
outcome measures were used to assess the patients’ perceptions 
of treatment. On every parameter, the behavioral group reported 
the highest perceived improvement and satisfaction with treat-
ment progress (P < .001).

Wyman and colleagues compared the effi cacy of bladder 
training, PFM exercise with biofeedback-assisted instruction, and 
combination therapy in women with genuine SUI and in those 
with detrusor instability.100 This was a large randomized clinical 
trial with three treatment groups. Women with incontinence 
(N = 204: 145 with SUI and 59 with urge incontinence due to 
instability) received a 12-week intervention program, including 
six weekly offi ce visits and six weekly mail or telephone contacts. 
They were followed up immediately and after 3 months. The 
combination therapy group had signifi cantly fewer incontinent 
episodes, better quality of life, and greater treatment satisfaction 
immediately after the therapy. No differences between groups 
were observed at the 3-month follow-up. The authors concluded 
that combination therapy consisting of bladder training and 
PFMT with biofeedback had the greatest immediate effi cacy in 
the management of female UI.

ELECTRICAL STIMULATION

Basic Principles and Mechanism of Action

Electrical currents are applied therapeutically to stimulate muscle 
contraction, usually through activation of nerves that supply 
muscles. Electrical stimulation was fi rst used in the management 

of UI in 1952, when Bors101 described the infl uence of electrical 
stimulation on the pudendal nerves, and in 1963, when Caldwell102 
developed electrodes that were permanently implanted into the 
pelvic fl oor and controlled by radiofrequency.

Godec and associates103 fi rst described the use of nonim-
planted stimulators specifi cally for bladder inhibition. Initial 
work in animals indicated the potential of this therapy, and early 
clinical experience in Europe supported its likely effi cacy. Much 
confusion surrounds electrical stimulation, and some is the result 
of inconsistent nomenclature. Commonly used terms include 
“functional electrical stimulation” and “neuromuscular electrical 
stimulation.” Further confusion has arisen because of the wide 
range of stimulators, probes, and applications used.

Electrical stimulation is an effective treatment for urge incon-
tinence. This technique uses natural pathways and the micturi-
tion refl exes , and its effi cacy relies on a preserved refl ex arc, with 
complete or partial integrity of the PFM innervation.104 Based on 
animal experiments, direct stimulation of afferent or efferent 
fi bers appears to be the most important mechanism to enhance 
the refl ex response.

The mechanism of electrical stimulation for urge incontinence 
is a refl ex inhibition of detrusor contraction. Bladder inhibition 
is accomplished through three mechanisms105,106:

1. Activation of afferent fi bers within the pudendal nerve by 
activation of the hypogastric nerve at low intravesical pres-
sure, corresponding to the fi lling phase

2. Direct inhibition of the pelvic nerve within the sacral cord 
at high intravesical pressure

3. Supraspinal inhibition of the detrusor refl ex

In principle, defective control of the urinary bladder, resulting 
in urge incontinence, is caused by a central nervous dysfunction 
that affects central inhibitory control of the micturition refl ex. 
Appropriate electrical stimulation may restore the inhi bition 
effect.107 Threshold intensity varies inversely with fi ber diameter.

Any pulse confi guration can provide nerve activation, and 
many stimulation waveforms have been used to cause neural 
excitation.105,107 These include biphasic capacitively coupled 
pulses, monophasic square pulses, biphasic square pulses, and 
monophasic capacitively coupled spike pulses. Pulse durations 
ranged from 0.08 milliseconds up to 100 milliseconds but the 
most common used pulse duration is 0.2 milliseconds. To mini-
mize electrochemical reactions at the electrode-mucosa interface, 
biphasic or alternating pulses are recommended.108 The effects of 
electrical stimulation on detrusor inhibition are optimal with 
different stimulation parameters: 10 to 20 Hz. The sacral afferent 
nerves, particularly the autonomic nerves of the pelvic organs, 
are poorly myelinated (Aδ) or unmyelinated (C) fi bers, which 
conduct current at a slow rate of 5 to 20 Hz. Thus, in the treat-
ment of bladder instability and hyperrefl exia, low-frequency 
stimulation is applied to the pudendal nerve afferents through 
probes. In both forms of electrical stimulation, the frequencies 
are chosen based on the clinical diagnosis. In mixed inconti-
nence, two strategies are used. One strategy involves the use of a 
compromise setting of approximately 20 Hz; the other involves 
delivering both low-frequency and high-frequency stimuli.109 
Low frequencies (1 to 5 Hz) generate twitch contractions, allow-
ing little sustained tension to develop in the muscle. Slow-twitch 
muscle fi bers have a natural fi ring rate of 10 to 20 Hz, whereas 
fast-twitch fi bers fi re at 30 to 60 Hz.

Treatment of chronic lower urinary tract dysfunction can be 
challenging and diffi cult. Behavioral and medical therapies in 
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patients with urge incontinence often result in unsatisfactory 
outcomes, leaving the patient with refractory incontinence no 
other option but surgery (e.g., bladder transsection phenoliza-
tion, clam-ileocystoplasty).110 To sidestep surgery, electrostimu-
lation offers an alternative for therapy-resistant urge incontinence. 
During the past decades, electrical stimulation of the bladder, 
sacral roots, and pudendal nerves has been explored with varying 
success. However, these treatments involve technical problems, 
high cost, or low patient compliance because of the discomfort 
associated with treatment procedures.111-113

Transcutaneous electrical nerve stimulation (TENS) of the S3 
segment is a useful alternative in patients with detrusor instabil-
ity.114 Okada and coworkers stimulated thigh muscles and 
observed clinical improvement for several weeks to months.115 
However, TENS therapy can induce skin irritation and allergy at 
the stimulation site due to chemical and mechanical irritation. 
Consequently, other stimulation approaches have been explored. 
Research has focused on the effect of stimulation of afferent 
nerves in the lower limb. In cat experiments, Lindstrom and 
Sudsuang demonstrated detrusor inhibition through stimulation 
of the myelinated afferents of the hip adductor muscles.116 
Inspired by acupuncture points over the tibial and peroneal 
nerves, McGuire and Zhang applied TENS to these nerves to treat 
bladder overactivity. They reported restoration of bladder control 
in a small group of patients.117 Stoller proposed percutaneous 
posterior tibial nerve stimulation (PTNS) for treatment of bladder 
and pelvic fl oor dysfunction.118 In this multicenter study, PTNS 
was used for the treatment of symptoms related to bladder over-
activity. The posterior tibial nerve is a mixed nerve, containing 
motor and sensory nerve fi bers. Correct placement of the needle 
electrode induces a motor and sensory response (Fig. 19-7). 
Centrally, the posterior tibial nerve projects to the sacral spinal 
cord in the same area where bladder projections are found (i.e., 

the sacral micturition center and the nucleus of Onuf). These 
are most probably the areas where the therapeutic effect of 
neuromodulation of the bladder through PTNS takes place.

PTNS has a clear carry-over effect: 30 minutes of stimulation 
induces a lasting benefi cial effect. In cat experiments, a 5-minute 
stimulation of afferent nerves resulted in more than 1 hour of 
bladder inhibition.119 Perhaps some kind of learned behavior is 
activated by intermittent stimulation such as PTNS. This suppo-
sition suggests that higher regions within the cortical central 
nervous system are also involved. Furthermore, in rats, PTNS 
exerted its infl uence on FOS expression, suggesting neuromodu-
lating action.120 In addition, activation of endorphin pathways at 
sites within the spinal cord could affect detrusor behavior.121 
Parallel to the gate control theory for pain, it can be suggested 
that stimulation of large somatic fi bers modulates or inhibits the 
thinner afferent Aδ or C fi bers, thus decreasing the perception of 
urgency.122

Clinical Practice and Selection of Patients

Different types of electrical stimulation (see Figs. 19-4 and 19-5) 
include offi ce therapy and the home treatment program.123,124 
Offi ce therapy is also called the outpatient program or in-clinic 
treatment. With this approach, a stationary device with a wide 
range of electrical parameters is used in the offi ce or clinic under 
the control of the therapist. The system can be modifi ed to suit 
the needs of each patient. Devices with microcomputers allow the 
caregiver to change the stimulation parameters (e.g., waveform, 
pulse width, frequency) based on patient history and urodynamic 
data.

Many probes are available (Fig. 19-8), including a standard 
two-ring vaginal probe; an intra-anal probe; and a two-channel 
vaginal and anal insertion probe. Special conditions that affect 
the choice of probe include the following:

■ Vaginal size (depth of 4 to 12 cm) and shape (e.g., atresia 
or gaping vagina)

■ Vaginal angle (10 to 45 degrees) and quality of the levator 
ani (thin or thick fi bers)

■ Type and degree of vaginal wall descent

Accurate assessment of individual anatomic differences allows 
the therapist to select the appropriate electrodes to obtain the 
most effective results. Low frequencies (10 to 20 Hz) are used for 
urge incontinence. Some stimulators have controls that are used 
to adjust frequency, duty cycle, and timing. The stimulus and 
intensity of the current are also adjustable, and all of these systems 
allow easy graduation in the intensity of contraction.

Therapeutic stimulation is recommended for women with UI 
who have undergone unsuccessful PFMT as a fi rst-line treat-
ment.125,126 Pelvic fl oor electrical stimulation is one of the non-
surgical approaches when treating UI. The stimulation decreases 
detrusor contractions in cases of OAB. Electrical stimulation 
must be performed in conjunction with a bladder drill and 
biofeedback.

The main contraindications to electrical stimulation are as 
follows:

1. Demand heart pacemakers
2. Pregnancy, if the risk of pregnancy exists
3. Postvolume residual (PVR) greater than 100 mL
4. Obstruction of the urethra, a fi xed and radiated urethra, or 

a heavily scarred urethra

Figure 19-7 Transcutaneous electrical stimulation of the peripheral 
nerves may facilitate inhibition of detrusor activity, with specifi c 
parameters: intensity of 5 to 8 V, frequency of 10 Hz, and pulse 
width of 5 to 20 msec. Transcutaneous posterior nerve stimulation 
is performed with a needle inserted 5 cm cephalad to the medial 
malleolus.

Ch019-X2339.indd   226 1/31/2008   2:18:56 PM



 Chapter 19 CONSERVATIVE MANAGEMENT OF OVERACTIVE BLADDER 227

5. Bleeding
6. Urinary tract infection or vaginal discharge
7. Complete peripheral denervation of the pelvic fl oor
8. Severe genital prolapse with complete eversion of the 

vagina

There are a few strict contraindications,1,2,6,7 and there is 
general agreement that a patient with pelvic fl oor disorder asso-
ciated with other conditions4,5,8 will not respond to treatment. 
Although patients with severe genital prolapse are poor candi-
dates, mild prolapse is not a signifi cant problem. Many patients 
will not accept treatment with vaginal or anal probes because of 
ethical and religious beliefs. These concerns must be taken into 
account before this therapy is advocated. This issue is especially 
relevant when home treatment is being considered, because 
some patients will not agree to insert the device themselves, and 
some will refuse this type of treatment altogether. Functional, 
anatomic, and attitudinal barriers are more common in frail 
elderly people. Cognitively or functionally impaired subjects 
require a participating caregiver. In the elderly, home care treat-
ment could be performed by a nurse or a physical therapist.

Patients with mild to moderate incontinence are the best can-
didates for this treatment, regardless of age. Because of the slight 
discomfort and embarrassment that may occur during stimula-
tion, motivated patients of any age are the best candidates for this 
therapy. For unmotivated patients, another technique may be 
recommended, such as PTNS or electromagnetic stimulation.

In PTNS, the posterior tibial nerve is stimulated. This nerve 
closely relates to pelvic nerves for bladder and perineal fl oor; 
therefore, a retrograde stimulation of S3 roots and of sacral spinal 

cord can be obtained. Several studies on the effects of this treat-
ment on OAB syndrome have been published.127,128 TENS of acu-
puncture points (see Fig. 19-7) may be used to inhibit detrusor 
activity. Surface electrodes are placed bilaterally over both tibial 
nerves or both common peroneal nerves.129 Percutaneous stimu-
lation of peripheral S2 and S3 afferents by way of the posterior 
tibial nerve modulates unstable detrusor activity. PTNS130 is per-
formed with a 34-gauge needle inserted 5 cm cephalad to the 
medial malleolus TENS of the peripheral nerves may facilitate 
inhibition of detrusor activity with specifi c parameters, such as 
intensity of 5 to 8 V, frequency of 2 to 10 Hz, and pulse width of 
5 to 20 msec.

Clinical Results

One major problem in reviewing the literature on incontinence 
is the lack of data on the pretreatment status of patients, particu-
larly when noninvasive forms of therapy are studied.131 The inter-
pretation of data may be limited because patients often are not 
classifi ed urodynamically. Nonimplanted stimulators are effec-
tive in treating UI: overall, an improvement or cure rate of 
approximately 50% is common. No serious morbidity is reported 
with this type of therapy. Side effects that are common with drug 
therapy (e.g., anticholinergics, α-adrenergics) do not occur with 
electrical stimulation.

Eriksen and Eik-Nes132 performed a study of chronic stimula-
tion with a dual vaginal-anal electrode in 55 patients. They found 
an initial response rate of 68%, with 47% of the overall group 
becoming dry. The objective response was an improved stress 

Figure 19-8 Many probes are available with special conditions that affect the choice of probe. A, A probe designed specifi cally for patients 
with a wide vaginal hiatus (top left). B, The reference electrode is inserted in the middle of the vaginal probe (top right). C, During a severe 
relaxation of the pelvic fl oor or an important defect of levator ani muscles, the “fi nger” probe is used (bottom left). The patient is in 
lithotomy position with a one leg well supported while the therapist stimulates one side of the pubococcygeal portion of the levator ani with 
the “fi nger probe,” which is a two channel probe. D, An anal probe with the reference electrode inserted in the middle (bottom right).
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profi le. Kralj133 studied the infl uence of the type of idiopathic 
urge incontinence on the effi cient outcome of treatment with 
acute maximal electrical stimulation. Eighty-eight female patients 
were divided into a motor urge group (n = 40) and a sensory 
group (n= 48). Both groups underwent vaginal stimulation for 
20 minutes. Of the 40 patients in the motor urge group, 55% 
were cured and 20% showed improvement, whereas 25% showed 
no change. Of the 48 patients in the sensory group, 87.5% were 
cured and 12.5% showed improvement.

Bent and associates134 conducted a study of 45 patients with 
genuine SUI (n = 14), detrusor instability (n = 10), or mixed 
incontinence (n = 21) and assessed the applicability of electrical 
stimulation and patient response to short-term electrical home 
therapy. Treatment was administered for 15 minutes twice daily 
for 6 weeks. Treatment consisted of biphasic stimulation at 20 
Hz for urge incontinence and at 50 Hz for genuine SUI. The 
ratio of the duty cycle was 2 seconds “on” and 4 seconds “off.” 
Subjective results showed improvement in 71% of patients with 
genuine SUI, 70% of patients with urge incontinence, and 52% 
of patients with mixed incontinence. The pressure-transmission 
ratio improved in four patients, and urethral pressure profi les 
improved in fi ve patients with genuine SUI. Bladder capacity 
during cystometry improved in only one patient with detrusor 
instability.

Bourcier and Juras135 conducted a study to establish the effec-
tiveness of two different modalities: home treatment, consisting 
of treatment for 20 minutes twice daily for a 6-week period, and 
offi ce therapy, consisting of twice-weekly treatment administered 
in the clinic for an average of 12 sessions. Of the 95 patients 
included in the study, 50 received home treatment and 45 received 
offi ce therapy. Twelve patients had undergone a hysterectomy, 
and six had previously undergone colposuspension. All were 
evaluated with urodynamic tests. Patients with urge incontinence 
received biphasic capacity-coupled pulses with a continuous 
current of 20 Hz at a pulse width of 0.75 msec. Patients with 
genuine SUI received biphasic square pulses of 50 Hz at a pulse 
width of 1 msec. Current intensity was 0 to 90 mA or 0 to 24 V. 
During the fi rst follow-up period (3 months), 71% of patients in 
the offi ce therapy group reported subjective improvement, as did 
51% of patients in the home treatment group. During the late 
follow-up period (6 months), 85 patients were studied (7 patients 
in the home treatment group and 3 in the offi ce therapy group 
withdrew). Of the patients who participated in late follow-up, 47 
were in the offi ce therapy group (28 patients with genuine SUI 
and 19 with urge incontinence) and 38 were in the home treat-
ment group (23 patients with genuine SUI and 15 with urge 
incontinence). The cure rate was approximately 50%. This study 
showed that both offi ce therapy and home treatment are effective 
forms of treatment for patients with genuine SUI or urge incon-
tinence. In addition, this treatment has no side effects. The results 
showed a higher degree of improvement with offi ce therapy than 
with home treatment. The number of patients who did not con-
tinue physiotherapy was much higher in the group with urge 
incontinence (43%) than in the group with genuine SUI (15%). 
Patients with urge incontinence had less motivation to continue 
with therapy and also had a higher degree of psychological factors 
(e.g., chronic depression, psychosomatic disturbances, hysterical 
personality), which included reluctance to cooperate actively 
with treatment.

Many factors (e.g., age, severity of incontinence) are less 
crucial than previously thought, but the single factor that is con-
sistently associated with positive outcome is greater motivation 

and/or compliance with the intervention.136 Brubaker and col-
leagues137 compared electrical stimulation with sham electrical 
stimulation in women with urodynamically proven detrusor 
instability and found a signifi cant reduction in detrusor overac-
tivity in the electrical stimulation group only. This prospective 
double-blind, randomized control trial included 121 women who 
had genuine SUI (n = 60), urge incontinence (n = 28), or mixed 
incontinence (n = 33). The study had two groups: a treated group 
(n = 61) and a placebo-controlled group (n = 60) with sham 
electrical stimulation. Patients underwent 8 weeks of treatment. 
Electrical stimulation was administered twice daily for 20 minutes 
with a vaginal probe at 20 Hz, a pulse duration of 0.1 msec, and 
a duty cycle of 2 seconds “on” and 4 seconds “off.” The output 
was 0 to 100 mA; in the placebo group, sham electrical stimula-
tion was characterized by no current in patient circuit. Objective 
cure was reported in 49% of patients in the treatment group who 
had detrusor instability, but no change was observed in patients 
with genuine SUI in either group. The authors found no signifi -
cant change in the number of women who had genuine SUI on 
urodynamic testing at 2 months.

In a prospective multicenter study,138 35 patients with com-
plaints of urge incontinence underwent 12 weekly sessions of 
PTNS at one of fi ve sites in the Netherlands and one site in Italy. 
FVCs and I-QoL and SF-36 questionnaires were completed at 0 
and 12 weeks. Success was analyzed by using subjective and 
objective criteria. Overall subjective success was defi ned as the 
willingness to continue treatment, whereas objective success was 
defi ned as a signifi cant decrease (to <50%) in total number of 
leakage episodes. Twenty-two patients (63%) reported a subjec-
tive success. Twenty-four patients (70%) showed a 50% or greater 
reduction in total number of leakage episodes. Sixteen (46%) of 
these patients were completely cured (i.e., no leakage episodes) 
after 12 sessions. Quality-of-life parameters improved signifi -
cantly. The authors concluded that PTNS is an effective, mini-
mally invasive option for treatment of patients with complaints 
of urge incontinence, because improvement was seen in subjec-
tive as well as objective parameters.

One of the latest studies compared the three different 
approaches of conservative treatment: PFMT, biofeedback-
assisted PFMT, and electrical stimulation (ES) in the manage-
ment of OAB in women.139 Exclusion criteria included pregnancy, 
deafness, neurologic disorders, diabetes mellitus, use of a pace-
maker or intrauterine device, genital prolapse greater than stage 
two of the ICS grading system, residual urine volume 100 mL or 
greater, and urinary tract infection. Inclusion criteria included 
age between 16 and 75 years, symptoms and/or signs of OAB for 
more than 6 months, frequency of voiding eight or more times 
per day, and urgency of voiding one or more times per day. After 
the calculation of sample size, which disclosed that the total 
sample size should be at least 102 women, randomization of the 
eligible participants into the three treatment groups was per-
formed. Initial assessment included a detailed medical history, a 
pelvic examination in the dorsal lithotomy position, a 1-hour pad 
test, and a fi lling and voiding cystometry, as well as a 4-day 24-
hour FVC. Other assessments were evaluation of PFM strength 
using internal digital assessment according to the Oxford grading 
system and measurement of vaginal pressure with a balloon 
probe connected to a pressure transducer, as well as the Kings 
Health Questionnaire. The interventions included a PFMT 
program, an EMG-based biofeedback-assisted PFMT program 
with an intravaginal probe accompanied by a home program, and 
an electrical stimulation program using a biphasic symmetric 
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probe current with a frequency of 10 Hz, a pulse width of 400 
milliseconds, and a duty cycle of 5 sec “on” and 10 sec “off.”

The treatment period consisted of 12 weeks. Patients also 
returned twice a week to the physiotherapy unit for mentoring 
of their progress. The treatment protocol for the biofeedback-
assisted PFMT and electrical stimulation groups was conducted 
twice a week at the physiotherapy unit. The main outcome mea-
sures were post-treatment PFM strength, the record of the FVC, 
and the Kings Health Questionnaire. A total of 137 women with 
clinically proven OAB were recruited for the study; 120 subjects 
were randomly allocated to the three different treatment groups 
after 17 women were excluded for various reasons. Another 17 
women dropped out during the treatment, leaving 34 women in 
the PFMT group, 34 in the biofeedback-assisted PFMT group, 
and 35 in the electrical stimulation to complete the study. 
Signifi cant differences were noted between the biofeedback-
assisted PFMT and electrical stimulation groups and also between 
the electrical stimulation and PFMT groups in specifi c gravity 
(P = 0.22 and P = .003, respectively) and the number of subjects 
in menopause (P = .025 and P = .001, respectively). A signifi cant 
difference in parity (P = .01) was also noted between the electrical 
stimulation and PFMT groups. With regard to PFM strength, 
compared to the electrical stimulation group, the biofeedback-
assisted PFMT group and the PFMT group both showed signifi -
cant post-treatment versus pretreatment improvements in scale 
of power (P = .001 and P = .001, respectively), time of fast con-
traction (P = .007 and P = .012, respectively), and degree of 
vaginal pressure (P = .001 and P = .001, respectively). However, 
between the biofeedback-assisted PFMT and PFMT groups 
there were no signifi cant pretreatment or post-treatment differ-
ences in these three variables. Based on comparison of the main 
outcome measures, either biofeedback-assisted PFMT or PFMT 
resulted in signifi cantly better PFM strength and better quality 
of life than electrical stimulation and therefore was more effective 
than electrical stimulation in the management of OAB in 
women.

CONCLUSION

Although adjunctive therapies are useful because they may 
actively involve the patient in treatment, a combination of behav-
ioral and pharmacologic approaches to the OAB syndrome offers 
the greatest chance of success.140 Bladder training is a modifi ca-
tion of bladder drill that is conducted more gradually on an 
outpatient basis and has resulted in signifi cant reduction of 
incontinence in older, community-dwelling women. Multicom-
ponent behavioral training is another form of behavioral treat-
ment that includes PFM exercises. Patients may learn strategies 
to inhibit bladder contraction using PFM contraction and other 
suppression strategies.19 Biofeedback is a treatment methodology 
that has considerable potential application for urogynecologic 
conditions and represents an important consideration in the 
initial treatment of UI for women of all ages. Further, it may be 
used to help relieve symptoms such as urge incontinence, detru-
sor instability, and irritative symptoms. Biofeedback-assisted 
training may be used as a conservative fi rst-line therapy for urge 
or mixed incontinence, either alone or in combination with other 
behavioral or pharmacologic therapy.

Correction of continence with electrical stimulation has been 
achieved with various techniques, with results showing bladder 
inhibition. Electrical stimulation is indicated for patients who are 
not strongly motivated to perform pelvic fl oor exercises and for 
those with weak PFM activity. As the use of electrotherapy grows 
due to advances in technology, it is necessary that health care 
professionals carefully analyze innovative applications and 
demand a demonstration of the effi cacy of this therapy.

Behavioral treatments are effective in only half of patients with 
OAB syndrome. It is not yet clear whether these approaches 
should be the fi rst-line treatment for all patients with OAB 
syndrome or whether they should be used in conjunction with 
anticholinergic agents. In addition, it is not yet known which 
behavioral therapies are most appropriate for various subgroups 
of patients with OAB.141
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Chapter 20

DRUG TREATMENT OF URINARY 
INCONTINENCE IN WOMEN
Alan J. Wein and M. Louis Moy

The lower urinary tract has two basic functions: the storage and 
emptying of urine. The physiology and pharmacology of micturi-
tion have been described by many qualifi ed authors, each of 
whom has reported his or her own particular concept of the 
neuroanatomy, neurophysiology, and neuropharmacology of the 
smooth and striated muscle structures involved; of the periph-
eral, autonomic, and somatic neural factors; and of the spinal and 
supraspinal infl uences that are necessary for normal function.1-5 
Although there are signifi cant disagreements about the fi ner 
details, it is important to realize that exact agreement about neu-
romorphology, neurophysiology, and neuropharmacology is not 
necessary for an understanding of the pharmacologic principles 
and applications involved in drug-induced alterations of voiding 
function and dysfunction. Despite such disagreements, “experts” 
would agree that, for the purposes of description and teaching, 
urinary continence requires, fi rst, accommodation of increasing 
volumes of urine at a low intravesical pressure and with appro-
priate sensation; second, a bladder outlet that is closed at rest and 
remains so during increases in intra-abdominal pressure; and 
third, absence of involuntary bladder contractions (IVCs), 
including non-neurogenic and neurogenic detrusor overactivity 
(DO).

As a result of advances in understanding of the neuropharma-
cology and neurophysiology of the lower urinary tract, effective 
pharmacologic therapy now exists for the management of urinary 
incontinence. Because of the number of drug therapies available 
along with the varying quality and quantity of studies performed 
using them, the International Consultation on Incontinence has 
assessed many of the available agents for voiding dysfunction and 
made recommendations regarding their use (Table 20-1).

This chapter summarizes the pharmacologic treatments avail-
able for female urinary incontinence within this functional clas-
sifi cation. As an apology to others in the fi eld whose works have 
not been specifi cally cited in this chapter, it should be noted that 
citations have generally been chosen primarily because of their 
review or informational content, or sometimes for their contro-
versial nature, and not because of originality or initial publication 
on a particular subject.

CLINICAL UROPHARMACOLOGY OF THE LOWER 
URINARY TRACT

Some Useful Concepts

Clinical uropharmacology of the lower urinary tract is based 
primarily on an appreciation of the innervation and receptor 
content of the bladder and its related anatomic structures. The 
targets of pharmacologic intervention in the bladder body, base, 
or outlet include nerve terminals that alter the release of specifi c 

neurotransmitters, receptor subtypes, cellular second-messenger 
systems, and ion channels identifi ed in the bladder and urethra. 
Peripheral nerves and ganglia, spinal cord, and supraspinal areas 
are also sites of action of some agents discussed. Because auto-
nomic innervation and receptor content are ubiquitous through-
out the human body’s organ systems, there are no agents in 
clinical use that are purely selective for action on the lower 
urinary tract. The majority of side effects attributed to drugs 
facilitating bladder storage or emptying are collateral effects on 
organ systems that share some of the same neurophysiologic or 
neuropharmacologic characteristics as the bladder.
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Table 20-1 International Consultation on Incontinence 
Assessments of Pharmacotherapy for Voiding 
Dysfunction, 2004

Drug Level* Grade†

Antimuscarinics
 Tolterodine 1 A
 Trospium 1 A
 Darifenacin 1 A
 Solifenacin 1 A
 Propantheline 2 B
 Atropine, hyoscyamine 3 C
Drugs with mixed actions
 Oxybutynin 1 A
 Propiverine 1 A
 Dicyclomine 3 C
 Flavoxate 2 D
Antidepressants
 Imipramine 3 C
Vasopressin analogues
 Desmopressin 1 A
β-Adrenergic receptor agonists‡ 3 C
Baclofen 3 C
Capsaicin 2 C
Resiniferatoxin 2 C
Botulinum toxin 2 B

*Levels: 1—systematic reviews, meta-analyses, good-quality randomized 
controlled clinical trials; 2—randomized controlled trials, good-quality pro-
spective cohort studies; 3—case-controlled studies, case series; 4—expert 
opinion.
†Grades: A—based on level 1 evidence (highly recommended); B—
consistent level 2 or 3 evidence (recommended); C—level 4 studies or 
“majority evidence” (optional); D—evidence inconsistent or inconclusive 
(no recommendation possible).
‡Class includes terbutaline, salbutamol, and clenbuterol.
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Generally speaking, the simplest and least hazardous form of 
treatment should be tried fi rst. A combination of therapeutic 
maneuvers or pharmacologic agents can sometimes be used to 
achieve a particular effect, especially if their mechanisms of action 
are different and their side effects are not synergistic. At the 
outset it should be noted that, in our experience, although great 
improvement often occurs with rational pharmacologic therapy, 
a perfect result (restoration to “normal” status) is seldom, if ever, 
achieved.

Facilitation of Urine Storage

The pathophysiology of failure of the lower urinary tract to fi ll 
with or to store urine adequately may be secondary to problems 
related to the bladder, the outlet, or both.6 DO can be expressed 
as discrete IVCs or as reduced compliance with or without phasic 
contractions. It may manifest symptomatically as overactive 
bladder (OAB) syndrome, a syndrome of urgency that may be 
associated with frequency and nocturia. IVCs are most com-
monly associated with infl ammatory or irritating processes in the 
bladder wall or with bladder outlet obstruction, or they may be 
idiopathic. Decreased compliance during fi lling may be second-
ary to the sequelae of neurologic injury or disease but may also 
result from any process that destroys the elastic or viscoelastic 
properties of the bladder wall. Purely sensory urgency may result 
from infl ammatory, infectious, neurologic, or psychological 
factors, or it may be idiopathic. A fi xed decrease in outlet resis-
tance may result from degeneration of or damage to innervation 
of the structural elements of the smooth or striated sphincter or 
from neurologic disease or injury, surgical or other mechanical 
trauma, or aging. Classic stress urinary incontinence (SUI) or 
genuine SUI in women implies a failure of the normal transmis-
sion of increases in intra-abdominal pressure to the area of the 
bladder neck and proximal urethra due to changes in the ana-
tomic position of the vesicourethral junction and proximal 
urethra during increases in intra-abdominal pressure (hypermo-
bility). The pathophysiology of SUI may also involve a decrease 
in the refl ex striated sphincter contraction, which occurs with a 
number of maneuvers that increase intra-abdominal pressure. 
Treatment of abnormalities related to the fi lling or storage phase 
of micturition are directed toward inhibiting bladder contractil-
ity, increasing bladder capacity, decreasing sensory input during 
fi lling, or increasing outlet resistance, either continuously or only 
during abdominal straining.

DECREASING BLADDER CONTRACTILITY

Anticholinergic Agents

Physiologic bladder contractions are thought to be primarily trig-
gered by acetylcholine-induced stimulation of postganglionic 
parasympathetic muscarinic cholinergic receptor sites on bladder 
smooth muscle.1,5 Atropine and atropine-like agents should 
depress normal bladder contractions and IVCs of any cause.6-8 In 
patients taking such agents, the volume accumulated before the 
fi rst IVC is generally increased, the amplitude of the IVC is 
decreased, and the maximum bladder capacity is increased. 
However, although the volume and pressure thresholds at which 
an IVC is elicited may increase, the “warning time” (the time 
between perception of an IVC about to occur and its occurrence) 

and the ability to suppress an IVC are not increased. Therefore, 
urgency and incontinence still occur unless such therapy is com-
bined with a regimen of timed voiding or toileting. McGuire and 
Savastano9 reported that atropine increased both the compliance 
and the capacity of the neurologically decentralized primate 
bladder.10 However, the effect of pure antimuscarinics in those 
who exhibit only decreased compliance has not been well studied. 
Outlet resistance, at least as refl ected by urethral pressure mea-
surements, does not seem to be clinically affected by anticholin-
ergic therapy.

Although antimuscarinic agents can produce signifi cant clini-
cal improvement in patients with IVCs and associated symptoms, 
only partial inhibition results. In many animal models, atropine 
only partially antagonizes the response of the whole bladder to 
pelvic nerve stimulation and of bladder strips to fi eld stimulation, 
although it does completely inhibit the response of bladder 
smooth muscle to exogenous cholinergic stimulation. Of the 
theories proposed to explain this phenomenon, termed atropine 
resistance, the most attractive and most commonly cited is the 
idea that a portion of the neurotransmission involved in the fi nal 
common pathway of bladder contraction is nonadrenergic non-
cholinergic (NANC)—that is, it occurs secondary to a release of 
a transmitter other than acetylcholine or noradrenaline.1,2,5 
Although the existence of atropine resistance in human bladder 
muscle is by no means agreed on, this concept is the most 
common hypothesis invoked to explain clinical diffi culty in abol-
ishing IVCs with anticholinergic agents alone, and it is also used 
to support the rationale of treatment of such types of bladder 
activity with agents that have different mechanisms of action. 
Brading11,12 and Andersson5 both discussed the diffi culty of evalu-
ating apparently confl icting data in the literature with respect to 
atropine resistance. Brading12 stated that the size of the atropine-
resistant component varies markedly among species and, in a 
given preparation, also depends on the frequency of nerve stimu-
lation. Andersson5 stated that “most probably normal human 
detrusor muscle exhibits little atropine resistance,” but that this 
does not exclude its existence in morphologically or functionally 
abnormal bladders.

At least fi ve different genetically established muscarinic sub-
types (M1 through M5) exist, as determined by cloning experi-
ments13; the cholinergic muscarinic receptor genes are designated 
CHRM1 through CHRM5. The protein products of the M1 
through M4 subtypes have been defi ned pharmacologically with 
the use of receptor subtype agonists and antagonists.5,14,15 A phys-
iologic role for the product of the M5 coding region remains 
undefi ned.15 Pirenzepine (a selective muscarinic blocker) was 
originally used to subdivide muscarinic receptors into M1 and M2 
categories; using this subclassifi cation, detrusor muscarinic 
receptors were classifi ed as the M2 type.5,16,17 On further analysis 
of the M2 receptor population, a small proportion of glandular 
M2 receptors were found which could represent the pharmaco-
logic type responsible for muscarinic agonist-induced contrac-
tions. This subtype is now called the M3 receptor.5,14 Although it 
appears that the majority of the muscarinic receptors in human 
smooth muscle, including bladder, are of the M2 subtype,18 in 
vitro data indicate that most smooth muscle contraction, includ-
ing that of the urinary bladder, is mediated by the M3 receptor 
subtype.18,19 Muscarinic receptor subtyping becomes important 
when considering the possibility of pharmacologically selecting 
(and blocking) those receptors responsible for urinary bladder 
smooth muscle contraction while minimally affecting other mus-
carinic receptor sites throughout the body. Ideally, this approach 

Ch020-X2339.indd   234 1/31/2008   2:19:23 PM



 Chapter 20 DRUG TREATMENT OF URINARY INCONTINENCE 235

would effectively treat the underlying problem (DO) while elimi-
nating the unpleasant systemic side effects of most nonspecifi c 
antimuscarinic agents (e.g., dry mouth, constipation, blurred 
vision), which, in many cases, are worse than the problem they 
are treating and result in patient noncompliance.

Specifi c Drugs
Propantheline bromide is the classically described oral agent used 
for producing an antimuscarinic effect in the lower urinary tract. 
The usual adult oral dose is 15 to 30 mg every 4 to 6 hours, 
although higher doses are often necessary. Propantheline is a 
quaternary ammonium compound that is poorly absorbed after 
oral administration. No available oral drug has a direct in vitro 
antimuscarinic binding potential that is closer to that of atropine 
than propantheline bromide.20,21 There is a surprising lack of 
valuable data on the effectiveness of propantheline for the treat-
ment of bladder overactivity. As Andersson pointed out,8 anti-
cholinergic drugs in general have been reported to have both 
great and poor effi cacy for this indication. Zorzitto and col-
leagues22 concluded that propantheline bromide administered 
orally in doses of 30 mg four times a day to a group of institu-
tionalized incontinent geriatric patients had marginal benefi ts 
that were outweighed by the side effects. Blaivas and colleagues,7 
on the other hand, increased the dose of propantheline (up to 60 
mg four times a day) until incontinence was eliminated or side 
effects precluded further use and obtained a complete response 
in 25 of 26 patients with IVCs. Differences in bioavailability, 
selective drug delivery, receptor selectivity, receptor density, atro-
pine resistance, pathophysiology, susceptibility to dose-limiting 
side effects, and mental status are all potential factors that could 
explain such disparate results. The Agency for Health Care Policy 
and Research (AHCPR) Clinical Practice Guidelines23 listed fi ve 
randomized controlled trials for propantheline, in which 82% of 
the patients were women. The percentage of cure was listed as 
ranging from zero to 5%, reduction in urge incontinence from 
zero to 53%, side effects from zero to 50%, and dropouts from 
zero to 9% (all fi gures refer to overall percentage minus percent-
age on placebo).

Atropine is reported to be available in a 0.5-mg tablet, although 
we have yet to fi nd it. Atropine and all related belladonna alka-
loids are well absorbed from the gastrointestinal tract. Atropine 
is said to have almost no detectable central nervous system (CNS) 
effects at clinically used doses.24 It has a half-life of about 4 
hours.

Scopolamine is another belladonna alkaloid marketed as a 
soluble salt. It has prominent central depressive effects at low 
doses, probably because of its greater penetration (compared 
with atropine) through the blood-brain barrier. Transdermal 
scopolamine has been used for treatment of IVCs.25 The “patch” 
provides continuous delivery of 0.5 mg daily to the circulation 
for 3 days. Cornella and associates,26 however, reported poor 
results with this dosage in 10 patients with DO: only 2 patients 
showed a positive response; 1 showed a slight improvement, and 
the drug was discontinued in 8 patients because of side effects. 
Side effects were related to the CNS (ataxia, dizziness) and 
included blurred vision and dry mouth. A double-blind placebo-
controlled study using transdermal scopolamine was performed 
on 20 patients with DO: after a 14-day treatment period, the 10 
patients randomized to transdermal scopolamine treatment 
showed statistically signifi cant improvements in frequency, noc-
turia, urgency, and urge incontinence compared with the placebo 
group; no adverse effects of the therapy were reported.27 A 

double-blind placebo study on the effects of transdermal scopol-
amine in patients who had undergone suprapubic prostatectomy 
was performed to investigate its use in the treatment or preven-
tion of pain, IVCs, urgency, and bladder pressure rises of 15 cm 
H2O. No statistical differences were found.28 In our experience of 
treating IVCs with this method, results were very erratic, and skin 
irritation with the patch was a problem for some patients. Because 
of the fi xed dose, caution should be exercised in the use of the 
patch in elderly and young patients.

Hyoscyamine and hyoscyamine sulphate are reported to have 
anticholinergic actions and side effects similar to those of other 
belladonna alkaloids. Hyoscyamine sulphate is available as a sub-
lingual formulation, a theoretical advantage, but controlled 
studies of its effects on bladder overactivity are lacking. Glycopyr-
rolate is a synthetic quaternary ammonium compound that is a 
potent inhibitor of both M1 and M2 receptors but has a preference 
for the M2 subtype.29 It is available in both oral and parenteral 
preparations; the latter is commonly used as an antisialagogue 
during anesthesia. An anticholinergic agent with a signifi cant 
ganglionic-blocking action as well as such action at the peripheral 
receptor level might be more effective in suppressing bladder 
contractility. Although methantheline has a higher ratio of gan-
glionic blocking to antimuscarinic activity than does propanthe-
line, the latter drug seems to be at least as potent in each respect, 
clinical dose for dose. Methantheline does have similar effects on 
the lower urinary tract, and some clinicians still prefer it over 
other anticholinergic agents. Few solid data are available regard-
ing its effi cacy.

The potential side effects of all antimuscarinic agents include 
inhibition of salivary secretion (dry mouth), blockade of the 
ciliary muscle of the lens to cholinergic stimulation (blurred 
vision for near objects), tachycardia, drowsiness, and inhibition 
of gut motility. Those agents that possess some ganglionic-block-
ing activity may also cause orthostatic hypotension and erectile 
dysfunction at high doses (at which nicotinic activity becomes 
manifest). Antimuscarinic agents are contraindicated in patients 
with narrow-angle glaucoma and should be used with caution in 
patients with signifi cant bladder outlet obstruction, because 
complete urinary retention may be precipitated.

A lack of selectivity is a major problem with all antimuscarinic 
compounds, because they tend to affect parasympathetically 
innervated organs in the same order; in general, larger doses are 
required to inhibit bladder activity than to affect salivary, bron-
chial, nasopharyngeal, and sweat secretions. Several new receptor 
antagonists with varying degrees of specifi city for the lower 
urinary tract show some promise in decreasing the side effect 
profi les of this class of medications without compromising 
effi cacy.

Tolterodine and its primary metabolite, PNU-200577,30 have 
shown some selectivity for bladder tissue over salivary tissue in 
in vitro and in vivo studies in the anesthetized cat.31,32 These 
tissue-selective effects do not appear to be related to muscarinic 
receptor subtype selectivity30,31 but may be the result of differen-
tial affi nities of the receptors in the salivary gland and detrusor 
muscle for tolterodine compared with oxybutynin. Although it 
appears that the binding affi nity of tolterodine and oxybutynin 
to muscarinic receptors in the urinary bladder (in the guinea pig) 
are very similar, the affi nity of tolterodine for muscarinic 
receptors in the parotid gland is eight times lower than that of 
oxybutynin.33 Tolterodine is available in two formulations: an 
immediate-release (IR) form (2 mg twice daily) and an extended-
release (ER) form (2 mg or 4 mg once daily).
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In a pilot study in 12 healthy men, tolterodine was shown to 
have a greater objective and subjective effect on bladder function 
than on salivation.34 Jonas and colleagues35 looked at the urody-
namic effects of tolterodine in a multicenter, randomized, 
double-blind, placebo-controlled study: 242 patients were 
enrolled and treated over a 4-week period with 1 or 2 mg tol-
terodine or placebo twice daily. Compared with placebo, 2 mg 
tolterodine (but not 1 mg) produced statistically signifi cant 
improvements in mean volume to fi rst IVC (from 141 to 230  mL 
in the 2-mg group, 142 to 210  mL in the 1-mg group, and 140 to 
181  mL in the placebo group), mean maximal strength of IVC 
(52 to 37  cm H2O, 41 to 35  cm H2O, and 47 to 40  cm H2O in the 
three groups, respectively), and maximal cystometric capacity 
(272 to 316  mL, 276 to 294  mL, and 264 to 268  mL, respectively). 
The proportion of adverse effects in the treated groups, com-
pared with placebo, was not statistically signifi cant; however, dry 
mouth, the most common event, was reported in 9% of treated 
patients, signifi cantly less than the 50% incidence reported in the 
literature for other commonly used anticholinergic prepara-
tions.36 Furthermore, the dry mouth was classifi ed as “severe” by 
only 1% of patients. At higher doses, the incidence of side effects 
of tolterodine may be more signifi cant and may approach that of 
other commonly used anticholinergic drugs.

Rentzhog and colleagues37 noted that, at a dose of 2 mg or less, 
the incidence of adverse effects (including dry mouth) due to 
tolterodine was comparable to that of placebo (2/13 patients in 
the placebo group versus 9/51 patients in the tolterodine group 
reported dry mouth); however, when the dose of tolterodine was 
increased to 4  mg, a substantial increase in the incidence of dry 
mouth occurred (9/16 patients). Overall, it appears that toltero-
dine is safe and effi cacious for the treatment of DO. A favorable 
side-effect profi le exists at lower doses (less effect on salivary 
glands), which may diminish in a dose-dependent fashion.

There have been have been several randomized controlled 
studies documenting the effectiveness of tolterodine in reducing 
micturition frequency and incontinence episodes.38,39 There have 
also been comparative trials comparing it to other agents.

The Overactive Bladder: Judging Effective Control and Treat-
ment (OBJECT) trial performed by Appell and colleagues40 com-
pared tolterodine IR 2  mg twice daily to oxybutynin ER 10  mg 
daily. This was a randomized, double blind, parallel-group study 
that included 378 patients with OAB. Patients were treated for 
12 weeks. The outcome measures included number of episodes 
of urge incontinence, total incontinence, and micturition fre-
quency. The study showed oxybutynin ER to be signifi cantly 
more effective than tolterodine in each of the outcome measures 
when adjusted for baseline. The most common adverse event was 
dry mouth, which was reported by 28% and 33% of those taking 
oxybutynin ER and tolterodine IR, respectively. Rates of other 
adverse events including CNS side effects were generally low and 
comparable between the two groups.

In the Overactive Bladder: Performance of Extended Release 
Agents (OPERA) study, Diokno and colleagues41 compared tolt-
erodine ER 4  mg daily to oxybutynin ER 10  mg daily in 790 
women with OAB symptoms. This too was a randomized, double-
blind study with a duration of 12 weeks. Patients kept 24-hour 
voiding diaries to document the number of incontinence epi-
sodes (primary outcome), total incontinence, and micturition 
frequency at weeks 2, 4, 8, and 12. Improvements in weekly urge 
incontinence episodes were similar between the two treatment 
groups. Oxybutynin ER was more effective in reducing micturi-
tion frequency, and 23.0% of women taking it reported no epi-

sodes of urinary incontinence, compared with to 16.8% of women 
taking tolterodine ER. Dry mouth was more common in the 
oxybutynin ER group, with both groups having similar discon-
tinuation rates. The conclusions were that the two drugs had 
similar reductions in weekly urge incontinence and total incon-
tinence episodes. Those taking oxybutynin ER had more dry 
mouth, but the tolerability between the two drugs was 
comparable.

In the Antimuscarinic Clinical Effectiveness Trial (ACET), 
Sussman and Garely42 performed an open-label trial in patients 
with OAB comparing tolterodine ER 2  mg or 4  mg to oxybutynin 
ER 5  mg or 10  mg. A total of 1289 subjects participated in the 
study. After 8 weeks, 70% of patients taking tolterodine ER 4  mg 
perceived an improved bladder condition, compared with about 
60% in the other groups. There were fewer withdrawals from the 
study in the tolterodine ER 4 mg group (12%) than in either the 
oxybutynin ER 5  mg group (19%) or the oxybutynin 10  mg 
group (21%). Patients taking tolterodine ER 4 mg reported sig-
nifi cantly less dry mouth than those taking oxybutynin ER 10  mg. 
Although the fi ndings suggest that tolterodine ER 4 mg may have 
improved clinical effi cacy and tolerability compared with oxybu-
tynin ER 10  mg, the open-label design of this study makes for a 
less convincing conclusion.

Zinner and colleagues43 performed a 12-week randomized, 
double-blind, placebo-controlled study to evaluate the effi cacy, 
safety, and tolerability of tolterodine ER in treating OAB symp-
toms in older (≥65 years) and younger (<65 years) patients. 
Objective measures by micturition diaries as well as subjective 
measures were evaluated. There were signifi cant improvements 
among patients taking tolterodine ER in micturition chart vari-
ables, compared with placebo. There were no age-related differ-
ences. Dry mouth was the most common adverse event in both 
arms. No CNS or cardiac events were seen. Tolterodine ER 
appeared to be well tolerated by both age groups.

Freeman et al44 presented a secondary analysis of a double-
blind, placebo-controlled study looking at the effects of toltero-
dine ER 4 mg on the symptoms of urinary urgency in patients 
with OAB. A total of 772 patients with eight or more micturitions 
per 24 hours and urge incontinence (≥5/week) were randomized 
to drug or placebo therapy and treated for 12 weeks. Effi cacy was 
assessed by using patient perception evaluations. Patients taking 
tolterodine ER 4 mg had a greater improvement in urgency (44% 
versus 32%) and bladder symptoms (62% versus 48%) than those 
taking placebo. Patients taking tolterodine ER 4  mg were also 
signifi cantly more likely to hold their urine after experiencing 
urgency.

Recently, several pharmacologic agents have been approved 
by the Food and Drug Administration (FDA) for use in the 
United States. Darifenacin, a tertiary amine, is a selective musca-
rinic M3 receptor antagonist. Its theoretical advantage is its ability 
to selectively block the M3 receptor, which is the most important 
subtype in bladder contraction, and thereby decrease the adverse 
events related to blockade of other muscarinic subtypes.

Darifenacin has been studied in several randomized controlled 
studies. Haab and colleagues performed a multicenter, random-
ized, double-blind, placebo-controlled study comparing darife-
nacin 3.75  mg, 7.5  mg, 15  mg, and placebo once daily.45 The 
treatment period was 12 weeks. Using an electronic voiding 
diary, patients recorded daily incontinence episodes, micturition 
frequency, volume voided, frequency and severity of urgency, 
incontinence episodes necessitating a change of clothing or pads, 
and nocturnal awakenings due to bladder symptoms. The 
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7.5- and 15-mg doses of darifenacin had a quick onset of action, 
with signifi cant improvements over placebo being seen at week 
2. The clinical parameters in which the treatment arm were sig-
nifi cantly better than placebo included improvements in micturi-
tion frequency, bladder capacity, frequency of urgency, severity 
of urgency, and number of incontinence episodes. No signifi cant 
change occurred in nocturnal awakening due to bladder symp-
toms. The most common side effects seen were mild-to-
moderate dry mouth and constipation. No patients withdrew 
from the study due to dry mouth, and the discontinuation rate 
due to constipation was rare (0.9% for darifenacin versus 0.6% 
for placebo). The CNS and safety profi le were similar for darife-
nacin and placebo.

An analysis of the pooled data from phase 3 trials was per-
formed by Chapple and associates.46 A total of 1059 patients (85% 
female) with symptoms of urgency, urge incontinence, and fre-
quency were randomized to into three arms: darifenacin 7.5 mg, 
darifenacin 15  mg, or placebo daily for 12 weeks. Once again, 
patient voiding diaries were maintained electronically. The 
parameters monitored included incontinence episodes, frequency 
and severity of urgency, micturition frequency, and volume 
voided. Compared to baseline, there was a signifi cant dose-
related decrease in the number of incontinence episodes per 
week, with darifenacin 7.5  mg reducing episodes by 8.8, and dari-
fenacin 15  mg reducing episodes by 10.6 per week. Signifi cant 
decreases in the frequency and severity of urgency, micturition 
frequency, and number of incontinent episodes requiring a 
change of clothing or pads were seen, as well as an increase in 
bladder capacity. Although the most common side effect was dry 
mouth, this led to few discontinuations (darifenacin 7.5  mg, 
0.5%; darifenacin, 15  mg, 2.1%; placebo, 0.3%), and the inci-
dence of CNS and cardiovascular adverse events was similar to 
placebo.

Cardozo and colleagues47 performed a study to determine the 
effects of darifenacin on “warning time,” or the ability of the 
medication to allow patients to postpone micturition once urge 
was sensed. This was a multicenter, randomized, double-blind, 
placebo-controlled study with a 2-week treatment phase of dari-
fenacin 30  mg daily or placebo. Darifenacin treatment resulted 
in a signifi cant increase in the mean warning time (median 
increase, 4.3 minutes) compared with placebo. Overall, 47% of 
darifenacin-treated subjects and 20% of those receiving placebo 
achieved a greater than 30% increase in mean warning time. 
Although this study used a higher than usual dose of therapeutic 
agent and the treatment period was short, it was the fi rst to evalu-
ate changes in warning time. This effect may be particularly 
germane to patients with severe symptoms of urgency and urge 
incontinence.

Solifenacin (YM-905) is a tertiary amine, once-daily antimus-
carinic. It is well absorbed from the gastrointestinal tract and 
undergoes signifi cant hepatic metabolism by the cytochrome 
P450 enzyme system. There have been several large trials examin-
ing the effects of solifenacin.

Chapple and colleagues performed a multinational study 
comparing various does of solifenacin (2.5, 5, 10, and 20  mg) to 
tolterodine IR 2  mg twice daily and placebo48 in patients with 
OAB. A total of 225 patients were treated for 4 weeks and moni-
tored for an additional 2 weeks. To be included in the study, all 
patients had to have at least eight micturitions in 24 hours and 
one episode of incontinence or one episode of urgency daily, as 
recorded by a 3-day voiding diary. Micturition frequency was the 
primary outcome. In patients treated with solifenacin, there was 

a statistically signifi cant reduction in micturition frequency for 
those taking 5, 10, or 20  mg. This was not seen in the other two 
arms of the study. Additionally, these doses of solifenacin, when 
compared with placebo, resulted in a signifi cant increase in 
volume voided and a reduction in episodes of frequency and 
incontinence. The onset of action was rapid, occurring at 2 weeks, 
the earliest follow-up point in the study. Discontinuation rates 
were similar among the various treatments except for solifenacin 
20  mg, which was higher. The 5- and 10-mg doses of solifenacin 
had a lower rate of dry mouth than tolterodine did.

Another dose-ranging, placebo-controlled study of solifena-
cin 2.5 to 20  mg, was performed by Smith and colleagues in the 
United States.49 The treatment duration was 4 weeks, with 2 
weeks of follow-up. There was a signifi cant reduction in micturi-
tion frequency in the solifenacin 10-mg and 20-mg groups, com-
pared with placebo. The onset of effi cacy was seen at 7 days, with 
continued improvement at 28 days. Signifi cant increases in 
volume voided were seen in those taking 5, 10, or 20  mg of soli-
fenacin. The 10  mg solifenacin dose also had a signifi cant decrease 
in incontinent episodes.

There were four phase 3 trials to evaluate effi cacy, safety, and 
tolerability of solifenacin in adult patients with OAB. The primary 
outcome in all the studies was 24-hour micturition frequency. 
Secondary outcomes included change in number of urgency and 
incontinence episodes and mean volume voided.

Chapple and colleagues50 performed a multicenter, random-
ized, placebo-controlled and tolterodine-controlled study. 
Subjects were treated for 12 weeks with solifenacin 5  mg daily, 
solifenacin 10  mg daily, tolterodine IR 2  mg twice daily, or 
placebo. Both doses of solifenacin resulted in a signifi cant decrease 
in urgency episodes at 24 hours, compared with placebo, but 
tolterodine did not. In the solifenacin group, there was a signifi -
cant decrease in incontinence episodes; and the mean number of 
voids in 24 hours was signifi cantly lower in all three active treat-
ment arms. As with most antimuscarinics, the most common side 
effect was dry mouth, occurring in 14% in the solifenacin 5  mg 
group and in 21.3% of the solifenacin 10  mg group.

Cardozo and colleagues51 performed a multicenter random-
ized, placebo-controlled study comparing solifenacin 5  mg and 
10  mg once daily with placebo. They found that both of the doses 
signifi cantly improved frequency compared with placebo. Solif-
enacin was also better than placebo in improving urgency, 
increasing volume voided, and decreasing incontinence episodes 
over 24 hours. The reduction in urgency was slightly greater than 
50% for both doses of solifenacin, whereas placebo resulted in a 
reduction of 33%. The percentage increases in voided volume per 
micturition were 25.4%, 29.7%, and 11% for solifenacin 5  mg, 
10  mg, and placebo, respectively. The percentage decreases in 
overall incontinence episodes were 60.7%, 51.9%, and 27.9%, 
respectively. Only a small percentage of patients (2% to 4%) did 
not complete the study due to adverse events, which were com-
parable in all groups. The incidence of dry mouth was 2.3%, 
7.7%, and 23.1% in placebo, solifenacin 10  mg, and solifenacin 
20 mg groups, respectively. There were no changes in electrocar-
diographic parameters.

Two double-blind trials of solifenacin were performed52 in the 
United States, in which a total of 1208 patients participated. 
Findings included a reduction in the number of micturitions per 
24 hours, a decrease in the number of incontinence and urgency 
episodes per 24 hours, and an increase in the volume voided per 
micturition. Among patients who were incontinent at baseline, a 
signifi cant percentage of those taking solifenacin became 
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continent, compared to those taking placebo (53% versus 31%, 
respectively).

Musculotropic Relaxants

Musculotropic relaxants affect smooth muscle directly at a site 
that is metabolically distal to the cholinergic or other contractile 
receptor mechanism. Although the agents discussed in this 
section do relax smooth muscle in vitro by papaverine-like 
(direct) action, all have also been found to possess variable anti-
cholinergic and local-anesthetic properties. There is still some 
uncertainty about how much of their clinical effi cacy is due only 
to their atropine-like effect. If, in fact, any of these agents do exert 
a clinically signifi cant inhibitory effect that is independent of 
antimuscarinic action, a therapeutic rationale exists for combin-
ing them with a relatively pure anticholinergic agent.

Oxybutynin chloride is a moderately potent anticholinergic 
agent that has strong independent musculotropic relaxant activ-
ity as well as local-anesthetic activity. The recommended oral 
adult dose is 5 mg three or four times a day; side effects are anti-
muscarinic and dose-related. Initial reports documented success 
in depressing neurogenic DO,53 and subsequent reports docu-
mented success in inhibiting other types of bladder overactivity 
as well.8 A randomized double-blind, placebo-controlled study 
comparing 5  mg oxybutynin three times a day with placebo in 30 
patients with DO was carried out by Moisey and colleagues: 17 
of 23 patients who completed the study with oxybutynin had 
symptomatic improvement, and 9 showed evidence of urody-
namic improvement, mainly an increase in maximum bladder 
capacity.54 Hehir and Fitzpatrick55 reported that 16 of 24 patients 
with neuropathic voiding dysfunction secondary to myelome-
ningocele were cured or improved (17% dry, 50% improved) 
with oxybutynin treatment; average bladder capacity increased 
from 197 to 299  mL with oxybutynin compared to 218 mL with 
placebo, and maximum bladder fi lling pressure decreased from 
47 to 37  cm H2O with oxybutynin versus 45  cm H2O with placebo. 
In a prospective randomized study of 34 patients with voiding 
dysfunction secondary to multiple sclerosis, Gajewski and Awad56 
found that 5  mg oral oxybutynin three times a day produced a 
good response more frequently than 15  mg propantheline three 
times a day; they concluded that oxybutynin was more effective 
in the treatment of neurogenic DO secondary to multiple sclero-
sis. Holmes and associates57 compared the results of oxybutynin 
and propantheline in a small group of women with DO. The 
experimental design was a randomized crossover trial with a 
patient-regulated variable-dose regimen. This kind of dose-
titration study allows the patient to increase the drug dose to 
whatever she perceives to be the optimum ratio between clinical 
improvement and side effects—an interesting way of comparing 
two drugs while minimizing differences in oral absorption. Of 
the 23 women in the trial, 14 reported subjective improvement 
with oxybutynin as opposed to 11 with propantheline. Both 
drugs signifi cantly increased the maximum cystometric capacity 
and reduced the maximum detrusor pressure on fi lling. The only 
signifi cant objective difference was a greater increase in the 
maximum cystometric capacity with oxybutynin. The mean total 
daily dose of oxybutynin tolerated was 15 mg (range, 7.5 to 
30  mg), and that of propantheline was 90 mg (range, 45 to 
145  mg).

Thuroff and colleagues58 compared oxybutynin with prop-
antheline and placebo in a group of patients with symptoms of 
instability and either neurogenic and non-neurogenic DO. Oxy-

butynin (5  mg three times a day) performed best, but propanthe-
line was used at a relatively low dose (15 mg three times a day). 
The incidence of side effects was higher for oxybutynin at approx-
imately the level of clinical and urodynamic improvement. The 
mean grade of improvement on a visual analogue scale was higher 
for oxybutynin (58.2%) than for propantheline (44.7%) or 
placebo (43.4%). Urodynamic volume at the fi rst IVC increased 
more with oxybutynin (51  mL, versus 11.2  mL for propantheline 
and 9.7  mL for placebo), as did the change in maximum cysto-
metric capacity (80.1, 48.9, and 22.5 mL, respectively). Residual 
urine volume also increased more (27.0, 2.2, and 1.9  mL, respec-
tively). The authors further subdivided their overall results into 
the categories of excellent (>75% improvement), good (50% to 
74%), fair (25% to 49%), and poor (<25%). Results for treatment 
with oxybutynin were 42% excellent, 25% good, 15% fair, and 
18% poor. The authors concluded that their 67% rate of good or 
excellent results compared favorably with those reported in seven 
other oxybutynin series in the literature (some admittedly poorer 
studies included), which ranged from 61% to 86%. The results 
of propantheline treatment generally ranked between those of 
oxybutynin and placebo but did not reach signifi cant levels over 
placebo in any variable. Subdivision of propantheline results into 
excellent, good, fair, and poor categories yielded percentages of 
20%, 30%, 14%, and 36%, respectively. The 50% ratio of good 
or excellent results were consistent with those achieved in six 
other propantheline studies reported in the literature (30% to 
57%). Although this study was better than most in the literature, 
it did have drawbacks, and anyone using it in a meta-analysis 
would be well advised to read it and the other cited studies very 
carefully.

Zeegers and colleagues59 reported on a double-blind, prospec-
tive, crossover study comparing oxybutynin, fl avoxate, emepro-
nium, and placebo. Although there was a high dropout rate (19 
of 60 patients) and the entry criteria were vague (frequency, 
urgency, urge incontinence), the results, scored as 5 (excellent 
overall effect) to 1 (no improvement) by both patient and physi-
cian, were combined into a single number. The percentages of 
results in categories 3 to 5 for the agents used were oxybutynin, 
61%; placebo, 41%; emepronium, 34%; and fl avoxate, 31%. The 
results of the fi rst treatment gave corresponding percentages of 
only 63%, 29%, 18% (probably refl ecting eight dropouts due to 
side effects), and 44%, respectively.

Ambulatory urodynamic monitoring and pad weighing were 
used to assess the effects of oxybutynin on DO by Von Doorn 
and Zwiers.60 The 24-hour average frequency of IVCs decreased 
from 8.7 to 3.4; the maximum contraction amplitude decreased 
from 32 to 22  cm H2O, and the duration of the average IVC 
decreased from 90 to 60 seconds. However, the daily micturition 
frequency did not change (11 to 10), nor did the amount of urine 
lost—fi ndings the authors tried to minimize by pointing out that 
some patients also had sphincteric incontinence and that, during 
treatment, there may have been a higher fl uid intake.

The AHCPR guidelines23 list six randomized controlled trials 
for oxybutynin; 90% of patients were women. The percentage of 
cure was listed as ranging from 28% to 44%, reduction in urge 
incontinence from 9% to 56%, side effects from 2% and 66%, 
and dropouts from 3% to 45% (all fi gures refer to overall per-
centage minus percentage on placebo). There were some negative 
reports on the effi cacy of oxybutynin. Zorzitto and colleagues61 
came to conclusions similar to those resulting from their study 
of propantheline in a double-blind placebo-controlled trial con-
ducted in 24 incontinent geriatric institutionalized patients: 
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oxybutynin 5  mg twice a day was no more effective than placebo 
with scheduled toileting in treating incontinence in this type of 
population with DO. An incontinence profi le was used to assess 
results, and the only signifi cant difference noted was an increase 
in residual urine volume (from 159 to 92  mL). Ouslander and 
colleagues62 reported similar conclusions in a smaller study of 
geriatric patients, and in an accompanying article they concluded 
simply that the drug is safe for use in the elderly at doses of 2.5 
to 5  mg three times a day.62,63

An ER form of oxybutynin is available that releases the active 
compound over a period of 24 hours. Aside from the ease of 
once-daily administration, the potential benefi t of the ER formu-
lation is that stabilization of serum levels throughout the day 
should lower the incidence of side effects.64 Another theoretical 
advantage may be that less absorption occurs in the proximal 
portion of the gastrointestinal tract which drains into the portal 
system, so there is less fi rst-pass metabolism.

IR and ER oxybutynin were compared in a multicenter ran-
domized, double-blind trial of 106 patients, all of whom had 
previously responded to IR oxybutynin.65 For patients currently 
taking anticholinergic therapy, after a 1-week washout period, a 
dose-titration schedule was used to reach the maximum allow-
able dose (20  mg IR or 30  mg ER daily), or to the dose at which 
no urge urinary incontinence (UUI) episodes occurred over the 
course of 2 days (as measured from a diary) or until a dose was 
reached with intolerable side effects (at which point, the fi nal 
dose was decreased by 5 mg). Thirteen patients discontinued 
therapy during the trial, four because of anticholinergic events. 
Overall, similar effi cacy was noted for both formulations of 
oxybutynin in overall number of episodes (27.4 to 4.8 for ER 
and 23.4 to 3.1 for IR), in the percentage decrease in weekly 
UUI episodes (84% for ER and 88% for IR), and in overall 
incontinence episodes (urge, stress, and mixed). The number and 
proportion of patients achieving continence was also similar 
between the groups (41% for ER, and 40% for IR). Curiously, 
voiding frequency increased in both groups, with a statistically 
signifi cant percentage increase of voiding frequency in patients 
receiving the ER compared with those receiving the IR formula-
tion (54% versus 17%; P < .001). Anticholinergic side effects 
were noted in both groups. Dry mouth was the most frequent 
symptom, occurring in a majority of patients. Dry mouth was 
reported as moderate or severe by 25% and 46% of patients 
receiving the ER and IR formulations, respectively (P = .03). 
Other anticholinergic side effects were reported with similar 
frequency in the ER and IR groups: somnolence (38% versus 
40%), blurred vision (28% versus 17%), constipation (30% 
versus 31%), dizziness (28% versus 38%), impaired urination 
(25% versus 29%), nervousness (25% versus 23 %), and nausea 
(19% versus 17%).

In an open-label trial66 with 256 patients (23.4 % of whom 
were taking an anti-incontinence medication at baseline and 
switched over to oxybutynin ER for the study), oxybutynin ER 
reduced the number of incontinence episodes per week from 18.8 
at baseline to 2.8 at the end of the study (83.1% reduction); 31% 
of patients remained free of UUI throughout the study. A 14.7% 
reduction in voiding frequency was noted on therapy compared 
with baseline, as measured from the voiding diary. Dry mouth 
was reported by 58.6% of patients; 23.0% reported moderate or 
severe dry mouth. Only 1.6% of patients discontinued therapy 
because of dry mouth. Overall, 7.8% of patients discontinued 
therapy because of adverse events, of which nausea, dry mouth, 
and somnolence were most frequent.

Topical application of oxybutynin and other agents to normal 
or unstable bladders has been suggested and implemented.67 
This conceptually attractive form of alternative drug administra-
tion, delivered by periodic intravesical instillation of either 
liquid or timed-released pellets, awaits further clinical trials 
and the development of preparations specifi cally formulated 
for this purpose. Several nonrandomized, unblinded and non–
placebo-controlled studies have demonstrated the effi cacy of 
this therapy in a variety of patients with neurogenic bladders, 
showing statistically signifi cant improvements in cystometric 
capacity, volume at fi rst IVC, bladder compliance, and overall 
continence.68-70

Madersbacher and Jilg reviewed the intravesical usage of 5 mg 
of oxybutynin dissolved in 30  mL distilled water in 13 patients 
with complete suprasacral cord lesions who were on clean inter-
mittent catheterization.71 Of the 10 patients who were inconti-
nent, 9 remained dry for 6 hours. For the group, the changes in 
bladder capacity and maximum detrusor pressure were statisti-
cally signifi cant. Some of the more interesting data were given in 
a fi gure showing plasma oxybutynin levels for a group of patients 
in whom administration was intravesical or oral. The level 
achieved after an oral dose rose to 7.3  mg/mL within 2 hours and 
then precipitously dropped to slightly less than 2  mg/mL at 4 
hours. After intravesical administration, the level rose gradually 
to a peak of about 6.2  mg/mL at 3.5 hours, but at 6 hours it was 
still greater than 4  mg/mL and at 9 hours it was still between 3 
and 4  mg/mL. From these data, it is unclear whether the intra-
vesically applied drug acted locally or systemically.

In a later study, Madersbacher and Knoll72 administered oxy-
butynin intravesically and then, 1 week later, gave oxybutynin 
orally to six patients with neurogenic bladders in order to study 
the pharmacokinetics of the drug and investigate the pharmaco-
logic properties responsible for its clinical effects. Serum drug 
levels were correlated with urodynamic effects 20 minutes and 2 
hours after administration of the drug. The authors concluded 
that the main effect of intravesical oxybutynin was a result of 
systemic absorption; however, a secondary direct local effect 
(smooth muscle relaxation or topical anesthetic effect) could not 
be excluded.

Weese and colleagues73 reported use of a similar dose of oxy-
butynin (5  mg in 30  mL sterile water) to treat 42 patients with 
IVCs for whom oral anticholinergic therapy had failed (11 
patients) or who had intolerable side effects (31 patients): 20 had 
neurogenic DO, 19 had non-neurogenic DO, and 3 had bowel or 
DO after augmentation. The drug was instilled two or three times 
each day for 10 minutes by catheter. Nine patients (21%) with-
drew from the study because they were unable to tolerate clean 
intermittent catheterization or to retain the solution properly, 
but there were no reported side effects. Of the patients (33) who 
were able to follow the protocol, 18 (55%) reported at least a 
moderate subjective improvement in incontinence and urgency. 
Nine patients became totally continent and experienced com-
plete resolution of their symptoms; 18 patients improved and 
experienced a decrease of 2.5 pads per day. There were no uro-
dynamic data. Follow-up ranged from 5 to 35 months (mean, 
18.4 months).

The lack of side effects prompted some speculation about the 
mechanism of drug action: one possibility was simply a more 
prolonged rate of absorption; another was a decreased pass 
through the liver and therefore a decrease in metabolites, the 
hypothesis being that perhaps the metabolites and not the primary 
compound are responsible for the side effects.
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Enzelsberger and associates74 reported on the use of intravesi-
cal oxybutynin in the treatment of DO in 52 women. In the only 
published randomized, double-blind, placebo-controlled study 
of this intravesical administration, patients received once-daily 
intravesical oxybutynin (20 mg in 40 mL sterile water) or placebo 
for 12 days. The results revealed statistically signifi cant differ-
ences in fi rst desire to void (from 95 mL before treatment to 
150  mL after treatment), cystometric capacity (205 to 310  mL), 
maximal pressure during fi lling (16 to 9  cm H2O), daytime fre-
quency (7.5 to 4), and nocturia (5.1 to 1.8). Side effects were 
similar in the treated and placebo groups (17% versus 10%, 
respectively). For unexplained reasons, 19 of 23 patients in the 
treated group continued to have symptomatic relief after termi-
nation of the study.

In an increasing effort to maintain or improve the effi cacy 
of oxybutynin while minimizing its side effects, the use of trans-
dermal oxybutynin has been investigated. In one study,75 the 
daily-dose patch signifi cantly reduced the number of weekly 
incontinence episodes while reducing average daily urinary fre-
quency by increasing the average voided volume. Dry mouth 
rates were similar to those reported with placebo (7% versus 
8.3%). A recent study76 comparing transdermal oxybutynin and 
oxybutynin IR demonstrated equivalent reduction in incontinent 
episodes but signifi cantly less dry mouth with the patch (38% 
versus 94%). In a third study,77 transdermal oxybutynin was 
compared to placebo and tolterodine ER. The two drugs had 
similarly signifi cant reduced daily incontinence episodes and 
increased voided volume, but tolterodine ER was associated with 
a higher rate of antimuscarinic adverse events. The major side 
effect for transdermal oxybutynin was pruritus at the application 
site in 14% and erythema in 8.3% of patients.

Dicyclomine hydrochloride is also reported to exert a direct 
relaxant effect on smooth muscle in addition to an antimusca-
rinic action.78 An oral dose of 20 mg three times a day in adults 
has been reported to increase bladder capacity in patients 
with neurogenic DO.79 Beck and coworkers80 compared the use 
of 10  mg dicyclomine, 15 mg propantheline, and placebo three 
times a day in patients with DO81: the rates of cure or improve-
ment were 62%, 73%, and 20%, respectively. Awad and associ-
ates82 reported that 20 mg dicyclomine three times a day caused 
resolution or signifi cant improvement in 24 of 27 patients with 
IVCs.

Flavoxate hydrochloride has a direct inhibitory action on 
smooth muscle but very weak anticholinergic properties.8,83 In 
cats, at least, there is some evidence that fl avoxate may also have 
central effects on the inhibition of the micturition refl ex in addi-
tion to its effects on the relaxation of smooth muscle.84 Clinical 
studies addressing the effi cacy of fl avoxate in the treatment of 
DO have been mixed. Milani and colleagues85 performed a 
double-blind, crossover study comparing fl avoxate 1200 mg/day 
with oxybutynin 15 mg daily in 41 women with idiopathic motor 
or sensory urgency, using clinical and urodynamic criteria. The 
two drugs had similar effi cacy, with fl avoxate having fewer side 
effects. However, Briggs and colleagues86 reported that this drug 
had essentially no effect on non-neurogenic DO in an elderly 
population, an experience that coincides with the laboratory 
effects obtained by Benson and associates.87 There were few 
reported side effects. Although the effi cacy of fl avoxate compared 
with other agents in this group has not been proven, a short 
clinical trial may be worthwhile.

Trospium and propiverine are classifi ed as predominantly 
antispasmodic agents (smooth muscle relaxants) with some anti-

cholinergic effects as well. Although both drugs have been used 
in Europe for years, trospium chloride has been recently approved 
by the FDA and is now available for use in the United States. It 
is a quaternary amine and has limited ability to cross the blood-
brain barrier, therefore in theory leading to minimal cognitive 
dysfunction.88-90 Trospium has no selectivity for a muscarinic 
subtype.

Several randomized controlled trials have shown the benefi -
cial effects of trospium91,92 in both neurogenic and non-neuro-
genic DO.93-97 Stohrer and colleagues performed a multicenter, 
placebo controlled, double-blind study to determine the effects 
of trospium on urodynamic parameters in patients with neuro-
genic DO secondary to spinal cord injury.91 Patients were ran-
domized to either trospium 20  mg twice daily or placebo for 3 
weeks. The treatment group showed an increase in maximum 
cystometric capacity, decreased maximal detrusor pressure, and 
increased compliance. No such effects were seen in the placebo 
group. A similar study by Madersbacher and coworkers92 com-
pared the use of trospium and oxybutynin in the treatment of 
neurogenic DO. The two medications appeared to have equal 
effects, but those patients taking trospium had fewer side 
effects.

The effectiveness of trospium in the treatment of non-neuro-
genic DO has also been well documented. Allouis and colleagues93 
performed a randomized, double-blind, placebo-controlled study 
in 309 patients with non-neurogenic DO. The treatment group 
received trospium 20  mg twice daily, and the study length was 3 
weeks. They found a signifi cant increase over placebo in volume 
at fi rst involuntary detrusor contraction and in maximum bladder 
capacity. Cardozo and colleagues94 also performed a randomized, 
placebo-controlled, double-blind study in patients with non-
neurogenic DO. A total of 208 patients participated in the study 
and were given placebo or trospium 20  mg twice daily for 2 
weeks. They similarly found an increase in volume at which the 
fi rst involuntary detrusor contraction took place as well as an 
increase in maximum cystometric capacity.

In a study comparing the effi cacy of trospium 20  mg twice 
daily with tolterodine 2  mg twice daily and placebo in patients 
with urodynamically proven DO, Junemann and colleagues 
found trospium to be signifi cantly more effective in decreasing 
the frequency of micturition than either tolterodine or placebo.95 
Trospium was also found to cause a greater reduction in the 
number of incontinence episodes and produced similar rates of 
dry mouth as tolterodine.

Halaska and associates96 performed a long-term tolerability 
and effi cacy study comparing trospium 20  mg twice daily and 
oxybutynin 5  mg twice daily in patients with DO. Patients were 
treated for 52 weeks. Urodynamic studies were performed at 
baseline, 26 weeks, and 52 weeks, and patient voiding diaries were 
also kept at baseline, 2, 26, and 52 weeks. A signifi cant increase 
in mean maximum cystometric capacity was found, with 92  mL 
at 26 weeks and 115  mL at 52 weeks in the trospium group. No 
other signifi cant difference in urodynamic parameters was noted 
between the two treatment groups. Voiding diaries revealed a 
decrease in frequency, frequency of incontinence, and urgency 
episodes in both groups. At least one adverse event occurred in 
patients (64.8% and 76.6% in the trospium and oxybutynin 
groups, respectively). The most common side effect in both 
groups was dry mouth. Overall, the two drugs were comparable 
in effi cacy in improving urinary symptoms, but trospium 
had a better benefi t-risk ratio than oxybutynin due to better 
tolerability.
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In a large multicenter, placebo controlled, randomized, paral-
lel study, Zinner and colleagues, from the Trospium Study 
Group,97 compared the effects of trospium 20 mg twice daily and 
placebo in patients with OAB and urge incontinence. The study 
length was 12 weeks, with the primary end points being a change 
in the mean number of voids and a change in urge incontinent 
episodes in a 24-hour period. Other variables, such as mean 
volume per void, urge severity, diurnal and nocturnal micturi-
tion episodes, and onset of action, were also examined. Com-
pared with placebo, trospium produced a signifi cant reduction 
in the mean frequency of toilet voids and in urge incontinent 
episodes. A signifi cant increase in volume voided and decrease in 
urge severity and diurnal frequency were also seen. The effects 
were seen after 1 week of treatment and were maintained through-
out the remainder of the study. Once again, the most common 
side effect was dry mouth, occurring in 21.8% of patients, 
followed by constipation in 9.5% and headache in 6.5%. Similar 
results were confi rmed by Rudy and colleagues98 in a large 
multicenter study in the United States that included 658 
patients.

Propiverine is a musculotropic smooth muscle relaxant with 
anticholinergic activity. It is rapidly absorbed and has a high 
fi rst-pass metabolism.99 Thuroff and associates100 reviewed nine 
randomized studies on a total of 230 patients and found reduc-
tions in frequency and micturitions per 24 hours of 30% and 
17%, respectively. There was a 77% subjective improvement, and 
side effects were found in 14% of the patients. In a study by 
Stohrer and colleagues,101 superiority of propiverine over placebo 
was documented in patients with neurogenic DO. In controlled 
trials comparing propiverine, fl avoxate, and placebo or  propiv-
erine, oxybutynin, and placebo,102 they confi rmed the effi cacy of 
propiverine and suggested that the drug may have equal effi cacy 
and fewer side effects than oxybutynin.

Madersbacher and colleagues103 compared the tolerability and 
effi cacy of propiverine (15 mg three times daily), oxybutynin (5 
mg twice daily) and placebo in 366 patients with urgency and 
urge incontinence in a randomized, double-blind, placebo-
controlled clinical trial. The urodynamic effi cacy of propiverine 
was similar to that of oxybutynin, but the incidence and severity 
of dry mouth was less. Dorschner and colleagues104 performed a 
double-blind, multicenter, placebo-controlled randomized study 
to test the effi cacy and cardiac safety of propiverine in elderly 
patients with urgency, urge, or mixed incontinence. There were 
98 patients with a mean age of 68 years who received propiverine 
15 mg or placebo three times daily for 4 weeks. Propiverine 
resulted in a signifi cant reduction in micturition frequency and 
a decrease in incontinence episodes. The adverse events were very 
low. Therefore, propiverine appears to have an acceptable side 
effect profi le and reasonable effi cacy.

Calcium Antagonists

The role of calcium as a messenger in linking extracellular stimuli 
to the intracellular environment is well established, including its 
involvement in excitation-contraction coupling in striated, 
cardiac, and smooth muscle.1,5 Interference with calcium infl ow 
or intracellular release is a very potent potential mechanism for 
bladder smooth muscle relaxation.

Nifedipine has been shown to be an effective inhibitor of 
contraction induced by several mechanisms in human and guinea 
pig bladder muscle.8,105 It has also been shown to block com-
pletely the noncholinergic portion of the contraction produced 

by electrical fi eld stimulation in rabbit bladder.106 Nifedipine 
more effectively inhibited contractions induced by potassium 
than those induced by carbachol in rabbit bladder strips, whereas 
terodiline, an agent with both calcium-antagonistic and anticho-
linergic properties, had the opposite effect. However, terodiline 
did cause complete inhibition of the response of rabbit bladder 
to electrical fi eld stimulation. At low concentrations, terodiline 
has mainly an antimuscarinic action, whereas at higher concen-
tration a calcium-antagonistic effect becomes evident. Experi-
ments in vitro appeared to show that these two effects were at 
least additive with regard to bladder contractility. Other experi-
mental studies confi rmed the inhibitory effect of the calcium 
antagonists nifedipine, verapamil, and diltiazem on a variety of 
experimental models of the activity of spontaneous and induced 
bladder muscle strips and whole bladder preparations.101,108 
Andersson and colleagues109 showed that nifedipine effectively 
(and with some selectivity) inhibited the nonmuscarinic portion 
of the contraction of rabbit detrusor strips, whereas verapamil, 
diltiazem, fl unarizine, and lidofl azine caused a marked depres-
sion of both the total and the nonmuscarinic part of contraction, 
suggesting that differences exist between various calcium-channel 
blockers with respect to their effects, at least on electrically 
induced bladder muscle contraction. These results were used as 
support for the view that, even if “atropine-resistant” contrac-
tions in rabbit and human bladder had different causes, com-
bined muscarinic-receptor and calcium-channel blockade might 
offer a more effective way of treating bladder overactivity than 
the single-mechanism therapies currently available.

A number of clinical studies on the inhibitory action of tero-
diline on bladder overactivity have shown clinical effectiveness.110 
In a double-blind crossover study of 12 women with motor urge 
incontinence, Ekman and colleagues111 reported increases in 
bladder capacity and the volume at which sensation of urgency 
was experienced in all but one of the patients treated with tero-
diline, whereas placebo treatment had no objective or subjective 
effect. Peters112 reported the results of a multicenter study that 
ultimately included data from 89 patients (from an original 128) 
and compared terodiline and placebo in women with motor urge 
incontinence. The daily dose in this study was 12.5  mg in the 
morning and 25  mg at night. The authors concluded that terodi-
line was more effective than placebo but noted that this improve-
ment was much more apparent on subjective than on objective 
assessment of cystometric and micturition data; 63% of patients 
preferred terodiline, regardless of treatment sequence. Although 
statistically signifi cant objective differences between terodiline 
and placebo were recorded, they were not very impressive. Tapp 
and colleagues113 reported on a double-blind placebo-controlled 
study that used a dose-titration technique and included 70 
women with urodynamically proven DO and bladder capacities 
of less than 400  mL. Of the 34 women in the terodiline group, 
62% considered themselves improved, and 38% were unchanged; 
of the 36 women in the placebo group, 42% considered them-
selves improved, 47% unchanged, and 11% worse—a statistically 
signifi cant response in favor of terodiline with regard to the 
improvement percentage. Micturition variables of daytime fre-
quency, daytime incontinence episodes, number of pads used, 
and average voided volumes were statistically changed in favor 
of terodiline, but the absolute changes were relatively small (e.g., 
a change in daytime incontinence episodes among patients taking 
placebo from 2.5 to 1.9 per day, as opposed to a reduction from 
3.7 to 1.6 for those taking terodiline). Urodynamic data, although 
showing a trend in favor of terodiline in each parameter, showed 
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no statistically signifi cant differences in any category. Side effects 
were noted in a large number of patients and with equal fre-
quency in both groups after the dose-titration phase. However, 
the incidence of anticholinergic side effects was higher in the drug 
group: 29% of the terodiline group and 11% of the placebo group 
spontaneously complained of a dry mouth, and 20% of the tero-
diline group but none of the placebo group complained of blurred 
vision. The AHCPR guidelines23 list seven randomized controlled 
trials for terodiline; 94% of patients were women. The percentage 
of cure was listed as ranging from 18% to 33%, reduction in urge 
incontinence from 14% to 83%, side effects from 14% to 40%, 
and dropouts from 2% to 8% (all fi gures refer to overall percent-
age minus percentage on placebo).

Terodiline also exhibited an inhibitory effect on experimental 
neurogenic DO in the rabbit whole-bladder model, suggesting a 
possible role for local administration as well.114 Terodiline is 
almost completely absorbed from the gastrointestinal tract and 
has a low serum clearance. The recommended dosage in adults 
is 25  mg twice a day, reduced to an initial dose of 12 mg twice a 
day in geriatric patients. The half-life is approximately 60 hours. 
Abrams110 logically proposed, on this basis, a once-daily dose but 
emphasized the necessity of dose titration for each patient.

The common side effects seen with calcium antagonists 
(hypotension, facial fl ushing, headache, dizziness, abdominal 
discomfort, constipation, nausea, rash, weakness, and palpita-
tions) have not been reported in larger initial clinical studies with 
terodiline, its side effects consisting primarily of those conse-
quent on its anticholinergic action. However, questions have 
been raised about the occurrence of a rare arrhythmia (torsades 
de pointes) among patients taking terodiline simultaneously with 
antidepressants or antiarrhythmic drugs.116,117 Stewart and col-
leagues118 reported a prolongation of the QT and QTc (corrected 
QT) intervals and a reduction in heart rate among elderly patients 
taking 12.5  mg terodiline twice a day; these effects were apparent 
after 1 week but not after 1 day of therapy. These investigators 
also reported polymorphic ventricular tachycardia in four 
patients (three older than 80 years of age) receiving the drug. 
They advised avoidance of the drug in patients with cardiac 
disease requiring cardioactive drugs, in those with hypokaliemia, 
and in combination with other drugs that can prolong the QT 
interval, such as tricyclic antidepressants or antipsychotics. After 
other reports of apparent cardiac toxicity, the drug was volun-
tarily withdrawn by the manufacturer pending the results of 
further safety studies. The studies conducted for approval by the 
FDA were likewise voluntarily halted by the manufacturer 
pending the results of further safety studies.

Other calcium-antagonist drugs have not been widely used to 
treat voiding dysfunction. A bladder-specifi c membrane calcium 
channel is not known to exist, and there is no agent that specifi -
cally blocks intracellular calcium release only in bladder smooth 
muscle cells. Available information does not suggest that sys-
temic therapy with calcium antagonists is an effective way to 
treat DO.

Potassium Channel Openers

Potassium channel openers relax various types of smooth muscle, 
including the detrusor, by increasing potassium effl ux, resulting 
in membrane hyperpolarization.8 Hyperpolarization reduces the 
opening probability of ion channels involved in membrane depo-
larization, and excitation is reduced. Andersson119 summarized 
studies showing that, in isolated human and animal detrusor 

muscle, potassium channel openers reduced spontaneous con-
tractions and contractions occurring in response to electrical 
stimulation, carbachol, and low (but not high) external potas-
sium concentrations. There are some suggestions that bladder 
instability—at least that associated with intravesical obstruction 
and detrusor hypertrophy—may be secondary to supersensitivity 
to depolarizing stimuli. Theoretically, then, potassium channel 
openers might be an attractive alternative for the treatment of 
DO in such circumstances without inhibiting the normal volun-
tary contractions necessary for bladder emptying.120

Pinacidil is a compound that, in a concentration-dependent 
fashion, inhibits not only spontaneous myogenic contractions 
but also contractile responses induced by electrical fi eld stimula-
tion and carbachol in isolated human detrusor121 and in normal 
and hypertrophied rat detrusor muscle. However, a preliminary 
study of this agent in a double-blind, crossover format produced 
no effects on symptoms in nine patients with DO and bladder 
outlet obstruction.122 Nurse and associates123 reported on the use 
of cromakalim, another potassium channel opener, in 17 patients 
who had refractory DO or neurogenic DO or had stopped other 
drug therapy because of intolerable side effects. Six (37.5%) of 
16 patients who completed the study showed a decrease in fre-
quency and an increase in voided volume. Long-term observa-
tion was not possible, because the drug was withdrawn owing to 
reported adverse effects of high doses in animal toxicology 
studies. Levcromakalim (the pharmacologically active enantio-
mer of cromakalim) was administered intravenously to six 
patients with high spinal cord lesions and refl ex micturition124: 
other than an increase in the duration of the detrusor contrac-
tion, no other urodynamic parameters associated with the neu-
rogenic DO were signifi cantly affected. Levcromakalim resulted 
in a rapid and signifi cant drop in blood pressure which precluded 
studies at a higher dose. Overall, potassium channel openers are 
not at present very specifi c for the bladder and are more potent 
in relaxing other tissues—hence, their potential utility in the 
treatment of hypertension, asthma, and angina. If tissue-selective 
potassium-activator drugs can be developed, they may prove very 
useful for the treatment of detrusor instability, irritable bowel 
syndrome, and epilepsy.125 Intravesical use has also been sug-
gested124,125 as a method of potentially eliminating some of the 
intolerable systemic side effects that limit the clinical utility of 
these agents.

Side effects of pinacidil have been studied best; they include 
headache, peripheral edema (in 25% to 50% of patients and 
dose-related), weight gain, palpitations, dizziness, and rhinitis. 
Hypertrichosis and symptomatic T-wave changes have also been 
reported (30%). Fewer data are available on cromakalim, which 
can produce dose-related headache but rarely edema.119

Prostaglandin Inhibitors

Prostaglandins are ubiquitous compounds that have a potential 
role in the excitatory neurotransmission to the bladder, the 
development of bladder contractility or tension occurring during 
fi lling, the emptying contractile response of bladder smooth 
muscle to neural stimulation, and even the maintenance of ure-
thral tone during the storage phase of micturition, as well as the 
release of this tone during the emptying phase. Downie and 
Karmazyn126 suggested a different type of contractile infl uence of 
prostaglandins on detrusor muscle. They found that mechanical 
irritation of the epithelium of rabbit bladder increased basal 
tension and spontaneous activity in response to electrical stimu-
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lation and that these responses, related to the intensity of the 
irritative trauma, were mimicked by prostaglandins. The effect 
was signifi cantly reduced by pretreatment of the epithelium, but 
not the muscle, with prostaglandin synthetase inhibitors. Anders-
son8 suggested a possible sensitization of sensory afferent nerves 
by prostaglandins, increasing afferent input at a given degree of 
bladder fi lling and contributing to the triggering of IVCs at a 
small bladder volume. Therefore, there are many mechanisms 
whereby prostaglandin synthetase inhibitors might decrease 
bladder contractility in response to various stimuli; however, 
objective evidence that such effects can occur is scant.

Cardozo and colleagues127 reported on a double-blind placebo 
study of the effects of 50 mg fl urbiprofen (a prostaglandin syn-
thetase inhibitor) given three times a day on 30 women with DO. 
They concluded that the drug did not abolish IVCs or abnormal 
bladder activity but did delay the intravesical pressure rise to a 
greater degree of distention. Of these patients, 43% experienced 
side effects—primarily nausea, vomiting, headache, indigestion, 
gastric distress, constipation, and rash. Cardozo and Stanton128 
reported symptomatic improvement in patients with detrusor 
instability who were given indomethacin in doses of 50 to 200 
mg daily, but this was a short-term study with no cystometric 
data, and the drug was compared only with bromocriptine. The 
incidence of side effects was high (19 of 32 patients), although 
no patient had to stop treatment because of them. Numerous 
prostaglandin synthetase inhibitors exist, most of which belong 
in the category of nonsteroidal anti-infl ammatory drugs. It 
should be remembered that these drugs can interfere with platelet 
function and contribute to excess bleeding in surgical patients; 
some may also have adverse renal effects.129

b-Adrenergic Agonists

The presence of β-adrenoceptors in human bladder muscle has 
prompted attempts to increase bladder capacity with β-
adrenergic stimulation. Such stimulation can cause signifi cant 
increases in the capacity of animal bladders, which contain a 
moderate density of β-adrenoceptors.1 Studies in vitro show a 
strong dose-related relaxant effect of β2-agonists on the bladder 
body of rabbits but little effect on the bladder base or proximal 
urethra. Terbutaline, in oral doses of 5 mg three times a day, was 
reported to have a “good clinical effect” in some patients with 
urgency and urgency incontinence but no signifi cant effect on the 
bladders of neurologically normal humans without voiding diffi -
culty.130 Although these results are compatible with those seen in 
other organ systems (e.g., β-adrenergic stimulation causes no 
acute change in total lung capacity in normal humans but does 
favorably affect patients with bronchial asthma), there are few 
adequate studies of the effects of β-adrenergic stimulation in 
patients with DO. Lindholm and Lose131 used 5 mg terbutaline 
three times a day in eight women with motor urge incontinence 
and seven with sensory urge incontinence. After 3 months of 
treatment, 14 patients claimed to have experienced benefi cial 
effects, and 12 became subjectively continent. In six of eight cases, 
the detrusor became stable on cystometric examination. The 
volume at fi rst desire to void increased in those patients with 
originally unstable bladders, from a mean of 200 mL to 302 mL, 
but the maximum cystometric capacity did not change. Nine 
patients had transient side effects, including palpitations, tachy-
cardia, or hand tremor, and in three of them the side effects con-
tinued but were acceptable to the patient. The drug was 
discontinued in one patient because of severe adverse symptoms. 

Gruneberger,132 in a double-blind study, reported that clenbuterol 
produced a good therapeutic effect in 15 of 20 patients with motor 
urge incontinence. Unfavorable results of β-agonist usage for 
bladder overactivity were published by Castleden and Morgan133 
and by Naglo and associates.134 As yet there have been no con-
trolled clinical trials on the treatment of OAB with β3-agonists.

Tricyclic Antidepressants

Many clinicians have found that tricyclic antidepressants, par-
ticularly imipramine hydrochloride, are useful for facilitating 
urine storage, both by decreasing bladder contractility and by 
increasing outlet resistance. These agents have been the subject 
of extensive and highly sophisticated pharmacologic investiga-
tion to determine the mechanisms of action responsible for their 
varied effects.135-137 Most data have been accumulated as a result 
of trying to explain the antidepressant properties of these agents 
and consequently involve primarily CNS tissue. Although the 
results, conclusions, and speculations based on the data are 
extremely interesting, it should be emphasized that it is essen-
tially unknown whether they apply to, or have relevance for, the 
lower urinary tract. In varying degrees, all of these agents have at 
least three major pharmacologic actions: they have central and 
peripheral anticholinergic effects at some (but not all) sites; they 
block the active transport system in the presynaptic nerve ending 
that is responsible for the reuptake of the released amine neu-
rotransmitters noradrenaline and serotonin; and they are seda-
tives, an action that occurs presumably on a central basis but is 
perhaps related to antihistaminic properties (at H1 receptors, 
although they also antagonize H2 receptors to some extent). 
There is also evidence that these agents desensitize at least some 
α2- and some β2-adrenoceptors. Paradoxically, they also have 
been shown to block some α- and serotonin-1 receptors. Imip-
ramine has prominent systemic anticholinergic effects but only a 
weak antimuscarinic effect on bladder smooth muscle.138,139 
However, it does have a strong direct inhibitory effect on bladder 
smooth muscle that is neither anticholinergic nor adrener-
gic.136,140,141 This may be the result of a local-anesthetic–like action 
at the nerve terminals in the adjacent effector membrane, an 
effect that seems to occur also in cardiac muscle,142 or it may be 
caused by an inhibition of the participation of calcium in the 
excitation-contraction coupling process.138,140 Akah143 provided 
supportive evidence in the rat bladder that desipramine, the 
active metabolite of imipramine, depresses the response to elec-
trical fi eld stimulation by interfering with calcium movement 
(perhaps not only extracellular calcium movement but also inter-
nal translocation and binding). Direct evidence suggesting that 
the effect of imipramine on noradrenaline reuptake occurs in 
lower urinary tract tissue as well as in brain tissue was provided 
by Foreman and McNulty144 in the rabbit. In addition, they 
described a signifi cantly greater but similar effect of tomoxetine 
in the bladder and urethra in this model. Tomoxetine inhibits 
noradrenaline reuptake selectively, whereas imipramine has a 
nonselective effect. This fact suggests a potential new clinical 
approach to the use of more selective and potent reuptake inhibi-
tors for the treatment of incontinence. In attempting to correlate 
clinical effects with mechanisms of action, one might also postu-
late a β-receptor–induced decrease in bladder body contractility 
if peripheral blockade of noradrenaline reuptake does occur there 
owing to the increased concentration of β-receptors compared 
with α-adrenoceptors in that area. An enhanced α-adrenergic 
effect in the smooth muscle of the bladder base and proximal 
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urethra, where α-receptors outnumber β-receptors, is generally 
considered the mechanism whereby imipramine increases outlet 
resistance.

Clinically, imipramine seems to be effective in decreasing 
bladder contractility and increasing outlet resistance.145-148 Cas-
tleden and colleagues148 began therapy in elderly patients with 
DO with a single 25-mg nighttime dose of imipramine, which 
was increased every third day by 25 mg until the patient was 
continent or had side effects or a dose of 150 mg was reached. 
Six of 10 patients became continent; in addition, among those 
who underwent repeated cystometry, bladder capacity increased 
by a mean of 105 mL and bladder pressure at capacity decreased 
by a mean of 18 cm H2O. Motor unit potential increased by a 
mean of 30 cm H2O. Although our subjective impression146 was 
that the bladder effects became evident only after days of treat-
ment, some patients in the Castleden series became continent 
after only 3 to 5 days of therapy. Our usual adult dose for treat-
ment of voiding dysfunction is 25 mg four times a day; less-
frequent administration is possible because of the drug’s long 
half-life. Half of that dose is given in elderly patients, in whom 
the drug half-life may be prolonged. In our experience, the effects 
of imipramine on the lower urinary tract are often additive to 
those of atropine-like agents; consequently, a combination of 
imipramine and an antimuscarinic or an antispasmodic is some-
times especially useful for decreasing bladder contractility.146 If 
imipramine is used in conjunction with an atropine-like agent, 
it should be noted that the anticholinergic side effects of the drugs 
may be additive.

It has been known for many years that imipramine is relatively 
effective for the treatment of nocturnal enuresis in children. 
Doses for this condition range from 10 to 50 mg daily. It is not 
known whether the mechanisms of drug action in this situation 
are the same as those for decreasing bladder contractility. Korczyn 
and Kish149 presented evidence that the mechanism of the anti-
neuritic effect differs from that of the peripheral anticholinergic 
effect and the drug’s antidepressant effect. The antineuritic effect 
occurs soon after initial administration, whereas the antidepres-
sant effects usually take 2 to 4 weeks to develop.

Doxepin is another tricyclic antidepressant that has been 
found (in rabbit-bladder strips in vitro) to be more potent than 
other tricyclic compounds with respect to antimuscarinic and 
musculotropic relaxant activity.142 Lose and colleagues,150 in a 
randomized, double-blind, crossover study of women with IVCs 
and frequency, urgency, or urge incontinence, found that this 
agent caused a signifi cant decrease in control over nighttime 
frequency and incontinence episodes, as well as a near-signifi cant 
decrease in urine loss (by the pad-weighing test) and in the cys-
tometric parameters of fi rst sensation and maximum bladder 
capacity. The dose of doxepin used was either a single 50-mg 
bedtime dose or this dose plus an additional 25 mg in the 
morning. The number of daytime incontinence episodes 
decreased in both doxepin and placebo groups, and the differ-
ence was not statistically signifi cant. Doxepin treatment was pre-
ferred by 14 patients, whereas 2 preferred placebo and 3  had no 
preference. Of the 14 patients who stated a preference for doxepin, 
12 claimed that they became continent during treatment and 2 
claimed improvement; the 2 patients who preferred placebo also 
claimed improvement. The AHCPR guidelines23 combine results 
for imipramine and doxepin, citing only three randomized con-
trolled trials, with an unknown percentage of women patients. 
The percentage of cure was listed as 31%, reduction in urge 
incontinence as ranging from 20% to 88%, and side effects as 

ranging from zero  to 70% (all fi gures refer to overall percentage 
minus percentage on placebo).

When the tricyclic antidepressants are used in the generally 
larger doses employed for antidepressant effects, their most fre-
quent side effects are those attributable to their systemic anticho-
linergic activity.135,136 Allergic phenomena, including rash, hepatic 
dysfunction, obstructive jaundice, and agranulocytosis, may also 
occur but are rare. CNS side effects may include weakness, 
fatigue, parkinsonian effects, fi ne tremors (noted mostly in the 
upper extremities), a manic or schizophrenic picture, and seda-
tion, probably from an antihistaminic effect. Postural hypoten-
sion may also be seen, presumably due to selective blockade (a 
paradoxical effect) of α1-adrenoceptors in some vascular smooth 
muscle. Tricyclic antidepressants may also cause excess sweating 
of obscure origin and a delay in orgasm or orgasmic impotence, 
the cause of which is likewise unclear. They may also produce 
arrhythmias and can interact in deleterious ways with other 
drugs; therefore, caution must be observed when using these 
drugs in patients with cardiac disease.135 Whether cardiotoxicity 
will prove to be a legitimate concern in patients receiving smaller 
doses (i.e., smaller than those used for treatment of depression) 
for lower urinary tract dysfunction remains to be seen, but it is 
a matter of potential concern. Consultation with a patient’s phy-
sician or cardiologist is always helpful before such therapy is 
instituted in questionable situations. The use of imipramine is 
contraindicated in patients receiving monoamine oxidase inhibi-
tors because severe CNS toxicity can be precipitated, including 
hyperpyrexia, seizures, and coma. Some potential side effects of 
antidepressants may be especially signifi cant in the elderly, spe-
cifi cally weakness, fatigue, and postural hypotension. If imipra-
mine or any of the tricyclic antidepressants is to be prescribed for 
the treatment of voiding dysfunction, the patient should be thor-
oughly informed about the fact that this is not the usual indica-
tion for this drug and that potential side effects exist. Reports of 
signifi cant side effects (severe abdominal distress, nausea, vomit-
ing, headache, lethargy, and irritability) after abrupt cessation of 
high doses of imipramine in children suggest that the drug should 
be discontinued gradually, especially in patients receiving high 
doses.

Botulinum Toxin

Botulinum toxin (BTX), is a presynaptic inhibitor of acetylcho-
line release and the release of other neurotransmitters and there-
fore decreases muscle contractility. It can be administered in the 
bladder by cystoscopic injection directly into the detrusor muscle. 
This produces a chemical denervation that is reversible after 
about 6 months. Of the seven subtypes of botulinum toxin that 
have been identifi ed, botulinum A toxin (BTX-A) is the most 
commonly used, with botulinum B toxin (BTX-B) being the next 
most commonly used.

There have been some open-label and a few double-blind 
studies reporting its use in the treatment of neurogenic and idio-
pathic DO. Preliminary studies using BTX-A look promising, but 
for the use of BTX-B is too early to tell. Schurch151 evaluated the 
use of BTX-A in patients with neurogenic DO secondary to spinal 
cord injury who were on intermittent catheterization. The study 
was prospective but nonrandomized. Twenty-one patients 
received 200 to 300 U of BTX-A. At 6 weeks, 17 of 19 patients 
were completely continent and could decrease or stop oral agents 
for their DO. The two who did not improve were given the lower 
dose of BTX-A (200 U). Urodynamics also demonstrated an 
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increase in mean bladder capacity, increased postvoid residual, 
and a decrease in maximum voiding pressure. In some of the 
patients, the improvements were still durable out to 36 weeks.

Reitz and colleagues from Europe describe the European 
experience with BTX-A.152 This retrospective study examined the 
data on 200 patients with neurogenic DO. At 12 weeks, there was 
a signifi cant increase in the mean maximum cystometric bladder 
capacity, postvoid residual, and compliance. A majority of the 
patients could reduce or discontinue their anticholinergic medi-
cations. Data at 36 weeks revealed continued improvement.

Two studies studied the use of BTX for the treatment of non-
neurogenic DO. Rapp and colleagues153 performed BTX-A intra-
detrusor injections in 35 patients (29 women and 6 men) with 
frequency, urgency, and/or urge incontinence. They used 300 U 
of BTX-A injected transurethrally into 30 different sites within 
the bladder. There was a signifi cant decrease in the scores recorded 
by the Incontinence Impact Questionnaire and Urinary Distress 
Inventory short forms. Overall, 60% of patients reported a slight 
to complete improvement in symptoms. Improvement was seen 
for at least 6 months. Dykstra and associates154 used escalating 
does of BTX-B in a similar cohort of patients; 14 of 15 patients 
reported decreased frequency of urination and subjective 
improvement. BTX does appear to be a promising new therapy 
for facilitating bladder storage. Further placebo-controlled studies 
need to be carried out to appreciate its true effi cacy and to deter-
mine the optimal dosages and locations of injections.

Dimethyl Sulfoxide

Dimethyl sulfoxide (DMSO), a naturally occurring organic com-
pound used as an industrial solvent for many years, has multiple 
pharmacologic actions (membrane penetration, anti-infl amma-
tory, local analgesic, bacteriostatic, diuretic, cholinesterase inhib-
itor, collagen solvent, vasodilator) and has been used for the 
treatment of arthritis and other musculoskeletal disorders. The 
formulation for human intravesical use is a 50% solution. Sant155 
summarized the pharmacology and clinical usage of DMSO and 
tabulated good-to-excellent results in 50% to 90% of collected 
series of patients treated with intravesical instillations for inter-
stitial cystitis. However, DMSO has not been shown to be useful 
in the treatment of neurogenic or non-neurogenic DO, nor in 
any patient with urgency or frequency without interstitial 
cystitis.

Polysynaptic Inhibitors

Baclofen is an agent that decreases outlet resistance secondary to 
striated sphincter dyssynergia. It is also capable of depressing 
neurogenic detrusor overactivity resulting from spinal cord 
injury.156 Taylor and Bates,157 in a double-blind crossover study, 
reported that baclofen was very effective in decreasing both 
day and night urinary frequency and incontinence in patients 
with idiopathic DO. Cystometric changes were not recorded, 
however, and considerable improvement was also obtained in the 
placebo group. The intrathecal use of baclofen for treatment 
of DO is a potentially exciting area, and further reports are 
awaited.

Other Potential Agents

Nitric oxide (NO) is hypothesized to be a mediator of the non-
adrenergic, noncholinergic relaxation of the outlet smooth 

muscle that occurs with bladder contraction.5 Evidence exists 
that it is also involved in relaxation of bladder body smooth 
muscle,158 and this provides interesting fodder for speculation: 
Is relaxation impaired in some types of overactivity, and can NO 
analogues or synthetase stimulators be developed as agents to 
inhibit detrusor contractility? Glyceryl trinitrate releases NO in 
vivo and achieves its cardiovascular effects by relaxing vascular 
smooth muscle. Although the ubiquity of NO might seem to 
mitigate its potential use in treating bladder overactivity (unless 
more organ-specifi c substrates or receptors are found), rando-
mized controlled trials should be conducted.

Soulard and colleagues159 described the effects of JO1870 on 
bladder activity in the rat. This non-anticholinergic probable 
opioid agonist increased bladder capacity and threshold pres-
sure responsible for micturition in a dose-dependent fashion, 
raising the possibility of the use or development of opioid ago-
nists with selectivity for receptors involved in the micturition 
refl ex.

Constantinou160,161 described the effects of thiphenamil hydro-
chloride on the lower urinary tract in healthy female volunteers 
and in those with detrusor incontinence. This drug was said to 
be a “synthetic antispasmodic.” In a randomized controlled trial, 
based on diary records from 14 patients with DO, it was reported 
that voiding frequency per day decreased signifi cantly (from 10.3 
to 8.0 times), but placebo values were not given. Daily inconti-
nence episodes decreased in nine analyzable patients, from 2.3 to 
1.6 (not signifi cant; placebo values not given), with pad dryness 
(rated on a scale of 0 to 4) improving from 1.6 to 1.2 (signifi cant, 
but again no placebo data were given). Objective urodynamic 
results (in 16 patients) showed no fl owmetry changes, no changes 
in bladder capacity, some increase in fi rst sensation of fullness, 
and a signifi cant decrease in detrusor voiding pressure (from 46.1 
to 31.9  cm H2O), compared with placebo. The data and interpre-
tation in this article are confusing, especially because the study 
of healthy volunteers showed no urodynamic differences except 
an increase in maximum fl ow rate (from 16.9 to 27.7  mL/sec) at 
a drug dose of 800 mg. The most that can be said about the clini-
cal use of thiphenamil is that, now a question has been raised, it 
needs to be addressed by further, “cleaner” studies with internally 
consistent results.

INCREASING BLADDER CAPACITY BY DECREASING 
SENSORY (AFFERENT) INPUT

Vanilloids: Capsaicin and Resiniferatoxin

Decreasing afferent input peripherally is the ideal treatment for 
both sensory urgency and DO in a bladder with relatively normal 
elastic or viscoelastic properties, in which the sensory afferents 
constitute the fi rst limb in the abnormal micturition refl ex. Maggi 
has written extensively about this type of treatment, specifi cally 
with reference to the properties of capsaicin.162-164 Capsaicin is an 
irritant and algogenic compound obtained from hot red peppers 
that has highly selective effects on a subset of mammalian sensory 
neurons, including polymodal receptors and warm thermore-
ceptors.165 Capsaicin produces pain by selectively activating poly-
modal nociceptive neurons by membrane depolarization and 
opening a cation-selective ion channel, which can be blocked by 
ruthenium red. Repeated administration induces desensitization 
and inactivation of sensory neurons by several mechanisms. Sys-
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temic and topical capsaicin produce a reversible antinociceptive 
and anti-infl ammatory action after an initially undesirable 
algesic effect. Local or topical application blocks C-fi ber conduc-
tion and inactivates neuropeptide release from peripheral nerve 
endings, accounting for local antinociception and reduction of 
neurogenic infl ammation. Resiniferatoxin (RTX) is an analogue 
of capsaicin and is approximately 1000 times more potent for 
desensitization than capsaicin,166 but it is only a few hundred 
times more potent for excitation.167 Systemic capsaicin produces 
antinociception by activating specifi c receptors on afferent nerve 
terminals in the spinal cord; spinal neurotransmission is subse-
quently blocked by a prolonged inactivation of sensory neu-
rotransmitter release. With local administration (intravesical), 
the potential advantage of capsaicin is a lack of systemic side 
effects. The actions are highly specifi c when the drug is applied 
locally: the compound affects primarily small-diameter nocicep-
tive afferents, leaving the sensations of touch and pressure 
unchanged, although heat (but not cold) perception may be 
reduced; motor fi bers are not affected. The effects are reversible, 
although it is not known whether initial levels of sensitivity are 
regained.

Maggi164 reviewed the therapeutic potential of capsaicin-like 
molecules. Capsaicin-sensitive primary afferents (CSPAs) inner-
vate the human bladder, and intravesical instillation of capsaicin 
into human bladder produces a concentration-dependent 
decrease in fi rst desire to void, decreased bladder capacity, and a 
warm burning sensation. Maggi162 used doses of 0.01, 1.0 and 
10 μmol/L, administered in ascending order at intervals of 10 to 
15 minutes as constant infusions of 20 mL/min until micturition 
occurred. Five capsaicin-treated patients with “hypersensitive 
disorder” reported either a complete disappearance of symptoms 
(four patients) or marked attenuation of symptoms (one patient), 
beginning 2 to 3 days after administration and lasting for 4 to 16 
days; after that time, the symptoms gradually reappeared but 
were no worse.164 Fowler and colleagues169 found that consider-
ably higher doses (up to 1 to 2  mmol/L for 30 minutes) were 
necessary to produce an effect in humans170 however, they 
reported that bladder control improved within 2 days, and the 
improvement lasted for 3 to 6 months. Lower doses (0.1 to 
100  μmol/L) produced “no long-lasting benefi t.” In a later study, 
Fowler and colleagues171 administered intravesical capsaicin to 14 
patients with DO and intractable urinary incontinence, 12 of 
whom had known spinal cord disease. A single intravesical instil-
lation of 1 or 2 mmol/L capsaicin produced a response in nine 
patients (all of whom had spinal cord disease), with four of these 
patients having only a “partial” response and fi ve patients having 
complete and durable (3 weeks to 6 months) responses, defi ned 
as complete continence on intermittent catheterization. Among 
the nine patients who responded to treatment, mean bladder 
capacity increased from 106 to 302  mL and maximum detrusor 
pressure decreased from 54 to 36  cm H2O. There were no long-
term adverse effects from the therapy.

Similar results were noted by Das and colleagues,172 who 
treated seven patients with neurogenic bladders with four increas-
ing doses of intravesical capsaicin over a period of several weeks 
(100  μmol/L, 500  μmol/L, 1  mmol/L, and 2  mmol/L). Only fi ve 
of seven patients were able to complete the therapy, owing to the 
discomfort induced by the instillation. Of these fi ve patients, 
three had symptomatic and urodynamic improvement. Geirsson 
and associates173 treated 10 patients with traumatic spinal cord 
injury and neurogenic bladder with 2  mmol/L intravesical cap-
saicin; urodynamic improvement (decreased voiding pressure 

and increased bladder capacity) was noted in 9 of the 10 patients 
at 6 weeks. Subjective improvement was noted in 4 patients at 2 
to 7 months after therapy, 2 of whom became continent. All 10 
patients had no improvement or a worsening of symptoms 
during the fi rst 1 to 2 weeks after instillation. Adverse reactions 
included severe burning on instillation in those patients with 
partial spinal lesions, precipitation of autonomic dysrefl exia in 
several other patients, and gross hematuria in four patients. 
Chandiramani and colleagues174 were able to reduce signifi cantly 
the short-term toxicity (triggering of involuntary detrusor con-
tractions) and discomfort of intravesical capsaicin therapy by 
pretreatment with an instillation of 2% topical lidocaine. Pre-
treatment with lidocaine did not alter the therapeutic effi cacy of 
the capsaicin.

An efferent function of CSPAs is the release of neurotransmit-
ters from the peripheral endings of these sensory neurons, 
such as tachykinins and calcitonin gene-related peptide.162 These 
neurotransmitters can produce events collectively known as neu-
rogenic infl ammation, which can include smooth muscle con-
tractions, increased plasma protein extravasation, vasodilatation, 
mast cell degranulation, facilitation of transmitter release from 
nerve terminals, and recruitment of infl ammatory cells. This is 
another reason why intravesical capsaicin could theoretically be 
useful in treating the pain and related problems of interstitial 
cystitis and certain types of bladder overactivity that originate in 
primary afferents.

The peripheral terminals of CSPAs form a dense plexus just 
below the bladder urothelium, and fi bers penetrating the urothe-
lium come into contact with the lumen. This location, combined 
with their peculiar chemosensitivity, permits CSPAs to detect 
“backfl ow” of chemicals across the urothelium, which is thought 
to occur during conditions leading to breakdown of the “barrier 
function” of the urothelium.164 If the “barrier” theory or “leaky 
urothelium” theory of the pathogenesis of the interstitial cystitis 
is true for some or many of the patients with this condition, the 
CSPAs in such patients may be stimulated by urine constituents’ 
leaking back across the urothelium; under these circumstances, 
a local release of neuropeptides may well contribute to the pro-
duction of neurogenic infl ammation. If this is so, as Maggi sug-
gested,164 a local treatment leading to desensitization of CSPAs 
would be doubly advantageous. With capsaicin, however, excita-
tion precedes desensitization, somewhat limiting the potential 
for therapy in humans. A preferable analogue would produce the 
latter action while reducing or eliminating the former. Last, 
Maggi164 discussed the possible long-term disadvantages of such 
therapy as related to the potential physiologic roles (trophic 
or protective) of CSPAs and their secretions in response to 
stimulation.

RTX has been shown to be benefi cial in several studies.175-179 
de Seze and colleagues compared the effi cacy and tolerability of 
nonalcohol capsaicin (1 mmol/L) and RTX (100 nmol/L) in 10% 
alcohol in a randomized, double-blind, parallel group study in 
39 spinal cord–injured patients with neurogenic DO. Follow-up 
was 3 months. On day 30, similar clinical and urodynamic 
improvements were found—in 78% and 83% of patients receiv-
ing capsaicin and 80% and 60% of those receiving RTX. 
The benefi t remained in two thirds of the two groups after 3 
months. There was no difference in side effects between the two 
groups.

Overall, intravesical capsaicin and RTX treatment may be a 
promising therapy for DO, and possibly for sensory dysfunction 
of the lower urinary tract; however, many problems exist. Optimal 
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dosage, method and timing of delivery, and optimum delivery 
vehicle (diluent) remain unclear. The patients most likely to 
respond to this therapy are not yet defi ned, and randomized 
placebo-controlled studies to determine overall effi cacy have not 
yet been performed. Finally, discomfort and triggering of invol-
untary bladder activity with instillation and postinstillation gross 
hematuria may be problematic.

INCREASING OUTLET RESISTANCE

a-Adrenergic Agonists

The bladder neck and proximal urethra contain a preponderance 
of α-adrenergic receptor sites, which, when stimulated, produce 
smooth muscle contraction.1,2,5 The static infusion urethral 
pressure profi le is altered by such stimulation, producing an 
increase in motor unit potential and maximum urethral closure 
pressure (MUCP). α-Adrenergic stimulants generally increase 
outlet resistance to a variable degree but are most often limited 
by their potential side effects, including blood pressure elevation, 
anxiety and insomnia due to stimulation of the CNS, headache, 
tremor, weakness, palpitations, cardiac arrhythmias, and 
respiratory diffi culties. All such agents should be used with 
caution in patients with hypertension, cardiovascular disease, or 
hyperthyroidism.180

The use of ephedrine to treat SUI was mentioned as early as 
1948.178 Ephedrine is a noncatecholamine sympathomimetic 
agent that enhances release of noradrenaline from sympathetic 
neurons and directly stimulates both α- and β-adrenoceptors.154 
The oral adult dosage is 25 to 50 mg four times a day. Some 
tachyphylaxis develops in response to its peripheral actions, 
probably as a result of depletion of noradrenaline stores. Pseu-
doephedrine, a stereoisomer of ephedrine, is used for similar 
indications and carries similar precautions. The adult dosage is 
30 to 60 mg four times a day, and the 30-mg dose form is avail-
able in the United States without prescription. Diokno and 
Taub181 reported a “good-to-excellent” result in 27 of 38 patients 
with sphincteric incontinence treated with ephedrine sulphate. 
Benefi cial effects were most often achieved in those with minimal-
to-moderate wetting; little benefi t was achieved in patients with 
severe SUI. A dose of 75 to 100 mg norephedrine chloride has 
been shown to increase motor unit potential and MUCP in 
women with SUI.182 At a bladder volume of 300 mL, motor unit 
potential rose from 82 to 110 cm H2O, and MUCP from 63 to 93 
cm H2O. The functional profi le length did not change signifi -
cantly. Obrink and Bunne,183 however, noted that 100 mg nor-
ephedrine chloride given twice a day did not improve severe SUI 
suffi ciently to offer it as an alternative to surgical treatment. They 
further noted in their group of 10 patients that the MUCP was 
not infl uenced at rest or with stress at low or moderate bladder 
volumes. Lose and Lindholm184 treated 20 women with SUI with 
norfenefrine, an α-agonist, given as a slow-release tablet: 19 
patients reported reduced urinary leakage, and 10 reported no 
further SUI. MUCP increased in 16 patients during treatment, 
the mean rise being from 53 to 64 cm H2O. It is interesting and 
perplexing that most patients reported an effect only after 4 days 
of treatment. This delay is diffi cult to explain on the basis of drug 
action, unless one postulates a change in the number or sensitiv-
ity of α-adrenoceptors.

The group at Kolding Hospital in Denmark has published 
three other articles of note on the use of norfenefrine for sphinc-

teric incontinence, with interesting results. Forty-four patients 
with SUI were randomized to treatment with norfenefrine (15 to 
30 mg three times a day) versus placebo for 6 weeks.185 Subjec-
tively, 12 (52%) of 23 of the norfenefrine group reported improve-
ment, as opposed to 7/21 (33%) of the placebo group—a 
difference that was not signifi cant. Continence was reported by 
six (26%) norfenefrine patients and three (14%) placebo patients 
(not signifi cant). Judged by a stress test, seven patients in each 
group became continent; 11 (48%) of 23 improved both subjec-
tively and objectively in the norfenefrine group, as did 5/21 
(24%) of the placebo group (P = .09). MUCP increased signifi -
cantly (from 50 to 55  cm H2O in the norfenefrine group, but also 
from 55 to 65  cm H2O in the placebo group). Although the 
patients were said to have “genuine SUI,” 5 of 12 patients with 
“urge incontinence” were reported cured with norfenefrine, and 
4 of 7 with placebo.

Diernoes and associates186 reported on the results of a 1-hour 
pad test in 33 women with either SUI or combined SUI and 
urgency treated with 30 mg norfenefrine three times a day. 
Leakage of more than 10 g was required for entry into the study. 
Subjective improvement was reported by 10 patients (30%). 
Continence as shown by pad test was found in six patients (18%). 
Pad tests were graded on a scale of 1 to 4. At 12 weeks, 20 patients 
(61%) had improved by at least one grade (P < .05), but at 3 
weeks the number was 13 (39%; not signifi cant).

Lose and colleagues187 studied 44 women scheduled for opera-
tion for SUI who were treated with 15 to 30 mg norfenefrine three 
times a day versus placebo for 3 to 4.5 months and were then 
evaluated for outcome after a median observation period of 30 
months. The description and categorization of results were some-
what confusing, but the results were interesting. Originally, 23 
patients were allocated to the norfenefrine group and 21 to 
placebo. Results were categorized as follows: cured or much 
improved with no further treatment wanted; underwent surgery 
for relief; wanted medical therapy reinstituted; uncertain about 
what kind of treatment they wanted; used pads or pelvic fl oor 
exercises. At the end of a 6-week initial treatment period and 
re-evaluation, patients whose initial treatment had had no effect 
at all were crossed over to the other group. It is obvious that 
a powerful placebo effect occurred, for reasons unknown, 
and therefore caution must be exercised in the evaluation of 
all modalities of therapy for sphincteric (and detrusor) 
incontinence.

Phenylpropanolamine (PPA) hydrochloride shares the phar-
macologic properties as ephedrine and is approximately equal in 
peripheral potency while causing less central stimulation.188 It is 
available in tablets of 25 or 50  mg and in 75-mg timed-release 
capsules and is a component of numerous proprietary mixtures 
marketed for the treatment of nasal and sinus congestion (usually 
in combination with an H1 antihistamine) or as appetite suppres-
sants. Using doses of 50  mg three times a day, Awad and associ-
ates189 found that 11/13 women and 6/7 men with SUI were 
signifi cantly improved after 4 weeks of therapy. MUCP increased 
from a mean of 47 to 72  cm H2O in patients with an empty 
bladder and from 43 to 58  cm H2O in patients with a full bladder. 
Using a capsule containing 50  mg PPA, 8  mg chlorpheniramine 
(an antihistamine), and 2  mg isopropamide (an antimuscarinic), 
Stewart and colleagues190 found that, of 77 women with SUI, 18 
were “completely cured” with one sustained-release capsule; 
28 patients were “much better,” six were “slightly better,” and 25 
were “no better.” In 11 men with SUI after prostatectomy, the 
numbers in the corresponding categories were 1, 2, 1, and 7. The 
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formulation of Ornade has now been changed, and each capsule 
of drug contains 75 mg PPA and 12 mg chlorpheniramine. Collste 
and Lindskog191 reported on a group of 24 women with SUI who 
were treated with PPA or placebo with crossover after 2 weeks. 
Severity of SUI was graded 1 (slight) or 2 (moderate). Average 
MUCP overall increased signifi cantly with PPA compared with 
placebo (from 48 to 55 cm H2O versus 48 to 49 cm H2O). This 
was a signifi cant difference in grade 2 but not in grade 1 patients. 
The average number of leakage episodes per 48 hours was reduced 
signifi cantly overall for PPA patients but not for placebo patients 
(5 to 2 versus 5 to 6). This was signifi cant for grade 1 but not for 
grade 2 patients. Subjectively, 6 of 24 patients thought that both 
PPA and placebo were ineffective. Among the 18 patients (of 24) 
who reported a subjective preference, 14 preferred PPA and 4 
preferred placebo. Improvements were rated subjectively as good, 
moderately good, or slight. Improvements obtained with PPA 
were signifi cant compared with those for placebo for the entire 
population and for both groups separately. The AHCPR guide-
lines23 reported eight randomized controlled trials with PPA 50 
mg twice a day for SUI in women. The percentage cure was listed 
as ranging from zero to 14%, reduction in incontinence from 
19% to 60%, side effects from 5% to 33%, and dropouts from 
zero to 4.3% (all fi gures refer to overall percentage minus per-
centage on placebo).

Some authors have emphasized the potential complications of 
PPA. Mueller192 reported on a group of 11 patients who had sig-
nifi cant neurologic symptoms (acute headache, psychiatric 
symptoms, or seizures) after taking “look-alike pills” thought to 
contain amphetamines but actually containing PPA. Baggioni 
and associates193 emphasized the possibility of blood pressure 
elevation, especially in patients with autonomic impairment. 
Lasagna194 pointed out that previously reported blood pressure 
elevations occurred with a product that differed from American 
PPA and probably contained a different and much more potent 
isomer. He noted that, although a huge volume of PPA has been 
consumed in the form of decongestants and anorectic medica-
tions, the world literature has reported only a minimum number 
of possible toxic reactions, most of which involved excessively 
high doses in combination medications. Liebson and colleagues195 
found no cardiovascular or subjective adverse effects with doses 
of 25 mg three times a day or with a 75-mg sustained-release 
preparation in a population of 150 healthy normal volunteers. 
Blackburn and colleagues,196 in a larger series of healthy subjects 
using many over-the-counter formulations, concluded that a sta-
tistically signifi cant but clinically unimportant pressor effect 
existed during the fi rst 6 hours after administration of PPA and 
that this was greater with sustained-release preparations. Caution 
should still be exercised in individuals known to be signifi cantly 
hypertensive and in elderly patients, in whom pharmacokinetic 
function may be altered.

Midodrine is a long-acting α-adrenergic agonist that is 
reported to be useful in the treatment of seminal emission and 
ejaculation disorders after retroperitoneal lymphadenectomy. 
Treatment with 5 mg twice a day for 4 weeks in 20 patients with 
SUI produced a cure in 1 and improvement in 14 patients.197 The 
MUCP rose by 8.3%, and the planometric index of the conti-
nence area on profi lometry increased by 9%. The actions of imip-
ramine have already been discussed. On a theoretical basis, an 
increase in urethral resistance might be expected if, indeed, an 
enhanced α-adrenergic effect at this level resulted from an inhibi-
tion of noradrenaline reuptake. However, as mentioned previ-

ously, imipramine also causes α-adrenergic blocking effects, at 
least in vascular smooth muscle. Many clinicians have noted 
improvement in patients treated with imipramine primarily for 
bladder overactivity but who had in addition some component 
of sphincteric incontinence. Gilja and colleagues198 reported a 
study of 30 women with SUI who were treated with 75 mg imip-
ramine daily for 4 weeks: 21 women subjectively reported conti-
nence, and the mean MUCP for the group increased from 34.06 
to 48.23 cm H2O.

Although some clinicians have reported spectacular cure and 
improvement rates with α-adrenergic agonists and agents that 
produce an α-adrenergic effect in the outlet of patients with 
sphincteric urinary incontinence, our own experience coincides 
with those who report that such treatment often produces satis-
factory or some improvement in mild cases but rarely total 
dryness in patients with severe or even moderate SUI. Neverthe-
less, a clinical trial, when possible, is certainly worthwhile, espe-
cially in conjunction with pelvic fl oor physiotherapy or 
biofeedback.

b-Adrenergic Antagonists and Agonists

Theoretically, β-adrenergic blocking agents might be expected to 
“unmask” or potentiate an α-adrenergic effect, thereby increas-
ing urethral resistance. Gleason and colleagues199 reported success 
in treating certain patients with SUI with propranolol, using oral 
doses of 10 mg four times a day; the benefi cial effect became 
manifest only after 4 to 10 weeks of treatment. Cardiac effects 
occur rather promptly after administration of this drug, but 
hypotensive effects do not usually appear as rapidly, although it 
is diffi cult to explain such a long delay in onset of the therapeutic 
effect on incontinence on this basis. Kaisary200 also reported 
success with propranolol in the treatment of SUI. Although such 
treatment has been suggested as an alternative to α-agonists in 
patients with sphincteric incontinence and hypertension, few, if 
any, subsequent reports of such effi cacy have appeared. Others 
have reported no signifi cant changes in urethral profi le pressures 
in normal women after β-adrenergic blockade.201 Although 10 
mg four times a day is a relatively small dose of propranolol, it 
should be recalled that the major potential side effects of the drug 
are related to the therapeutic β-blocking effects. Heart failure 
may develop, as well as an increase in airway resistance, and 
asthma is a contraindication to its use. Abrupt discontinuation 
may precipitate an exacerbation of anginal attacks and rebound 
hypertension.188

β-Adrenergic stimulation is generally conceded to decrease 
urethral pressure, but β2-agonists have been reported to increase 
the contractility of fast-contracting striated muscle fi bers (exten-
sor digitorum longus) from guinea pigs and to suppress that of 
slow-contracting fi bers (soleus).202 Clenbuterol, a selective β2-
agonist, has been reported to potentiate, in a dose-dependent 
fashion, the fi eld stimulation-induced contraction in isolated 
periurethral muscle preparation in the rabbit. The potentiation 
was greater that that produced by isoprenaline and was sup-
pressed by propranolol. Kishimoto and colleagues203 reported an 
increase in urethral pressure with clinical use of clenbuterol and 
speculated on its promise in the treatment of sphincteric incon-
tinence. Although the differential effects on the smooth and stri-
ated musculature of the outlet and even on different fi ber types 
of the striated sphincter may be functionally antagonistic, one 
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should not ignore the possibility of an augmentative effect on 
outlet resistance by a drug such as clenbuterol under certain 
physiologic conditions. Other β2-agonists are salbutamol and 
terbutaline.

Duloxetine

Duloxetine, a combined serotonin- and norepinephrine-reup-
take inhibitor, increases sphincteric muscle activity during the 
fi lling and storage phase of micturition in the model of the irri-
tated bladder in the cat. This relatively new pharmacologic agent 
has been used clinically as an antidepressant.204 In a study of its 
effects on the lower urinary tract in the cat, Thor and Katofi asc205 
noted that duloxetine signifi cantly increased bladder capacity 
(probably through a CNS effect) and also enhanced external 
urethral sphincter activity with no effect on sphincter activity 
during voiding.

To date, there have been several randomized controlled studies 
documenting the effects of duloxetine in the treatment of SUI. 
Dmochowski and colleagues206 enrolled 683 patients in a double-
blind, placebo-controlled study comparing duloxetine 40 mg 
twice daily to placebo. There was a signifi cantly greater decrease 
in incontinence episode frequency in the duloxetine group (50%) 
compared with the placebo group (27%), as well as improvement 
in quality of life. The improvements with duloxetine were associ-
ated with signifi cant increases in the voiding interval (20 minutes 
versus 2 minutes) compared to placebo. The discontinuation rate 
was higher in the duloxetine group (24%) than with placebo 
(4%), and discontinuation was most frequently due to nausea 
(6.4%), which was usually transient.

Similar results were reported by Millard207 and van Keere-
broek208 in investigations of the effects of duloxetine in the treat-
ment of SUI outside the United States. At present time, this 
medication is not indicated for the treatment of SUI in the United 
States.

Estrogens

Although estrogens were recommended for the treatment of 
female urinary incontinence as early as 1941,201 there is still con-
troversy concerning their use and the benefi t-risk ratio for this 
purpose. Numerous clinical studies exist, but there has been little 
consistency in methodology, many of the studies have been 
observational, different formulations of estrogens have been 
tested, and the data can be confl icting. In some cases, raw data 
seem to have been ignored in favor of statistics; however, as 
always, there is no lack of opinions.

Signifi cant work has been done on the effects of estrogenic 
hormones on the lower urinary tract. Hodgson and associates209 
reported that the sensitivity of the rabbit urethra to α-adrenergic 
stimulation was estrogen dependent. Levin and coworkers209,210 
showed that parenteral estrogen administration can change the 
autonomic receptor content and the innervation of the lower 
urinary tract of immature female rabbits, increasing the response 
to α-adrenergic, muscarinic, and purinergic stimulation in the 
bladder body, but not in the base, and signifi cantly increasing the 
number of α-adrenergic and muscarinic receptors in the bladder 
body but not in the base. Other work5 showed a decrease in 
muscarinic receptor density after estradiol treatment of mature 
female rabbits and either no change or a decreased detrusor 
response to cholinergic and electrical stimulation. Levin and 

coworkers211 concluded that pregnancy induced an increase in 
the purinergic and a decrease in the cholinergic responses of the 
rabbit bladder to fi eld stimulation, and Tong and colleagues212 
reported a decrease in the α-adrenergic response of the mid-part 
and base of the bladder of pregnant as opposed to virgin rabbits. 
Larsson and associates213 reported that estrogen treatment of the 
isolated female rabbit urethra caused an increased sensitivity to 
noradrenaline. The mechanism was postulated to be related to a 
more than twofold increase in the α-adrenergic receptor number. 
Callahan and Creed214 reported that pretreatment with estrogen 
of oophorectomized dogs and wallabies did increase sensitivity 
of urethral strips to α-adrenergic stimulation, but that this did 
not occur in the rabbit or guinea pig. Bump and Friedman215 
reported that sex hormone replacement with estrogen, but not 
testosterone, enhanced the urethral sphincter mechanism in the 
castrated female baboon by effects that were unrelated to skeletal 
muscle. They added that these effects might be related not just to 
changes in the urethral smooth musculature but to changes in 
the urethral mucosa, submucosal vascular plexus, and connective 
tissue.

Estrogens have been considered in the treatment for SUI 
because the urethra has four estrogen-sensitive layers that may 
play a role in maintaining a positive urethral pressure. These 
layers are the epithelium, the vasculature, the connective tissue, 
and the musculature.

Two meta-analyses have shed some light on the use of estro-
gen therapy in the treatment of SUI. In the fi rst, a report by the 
Hormones and Urogenital Therapy Committee, the use of estro-
gens to treat all causes of incontinence in postmenopausal women 
was examined.216 Of 166 articles reviewed, there were only 6 
controlled and 17 uncontrolled series. Although there was a sub-
jective improvement in UI, when an objective parameter (amount 
of urine loss) was examined, there was no signifi cant change. 
Maximum urethral closure pressure was also increased in one 
study. In a second study, by Sultana and Walters,217 estrogens 
were found to be not effi cacious in the treatment of SUI. The 
authors did, however, believe estrogens might be useful in the 
treatment of urgency and urge incontinence. Estrogen alone may 
not be effective treatment for urinary incontinence, but in com-
bination with other therapies, both pharmacologic and pelvic 
fl oor exercises, it may be more effi cacious and useful.

Estrogen therapy certainly seems to be capable of facilitating 
urinary storage in some postmenopausal women. Whether this 
effect is related just to changes in the autonomic innervation, 
receptor content, or function of the smooth muscle or to changes 
in estrogen-binding sites218 or in the vascular or connective tissue 
elements of the urethral wall has not been settled. After meno-
pause, urethral pressure parameters normally decrease slightly219; 
although this change is generally conceded to be related in some 
way to decreased estrogen levels, it is still largely a matter of 
speculation whether the actual changes occur in smooth muscle, 
blood circulation, supporting tissues, or the “mucosal seal 
mechanism.” Versi and associates220 described a positive correla-
tion between skin collagen content (which does decline with 
declining estrogen status) and parameters of the urethral pres-
sure profi le, suggesting that the estrogen effect on the urethra 
may be predicted, at least in part, by changes in the collagen 
component.

Beisland and colleagues221 carried out a randomized, open, 
comparative, crossover trial in 20 postmenopausal women with 
urethral sphincteric insuffi ciency. Both oral PPA, 50  mg twice a 
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day, and estriol vaginal suppositories, 1 mg daily, signifi cantly 
increased the MUCP and the continence area on profi lometry. 
PPA was clinically more effective than estriol, but not suffi ciently 
so to obtain complete continence. However, with combined 
treatment, eight patients became completely continent, nine were 
considerably improved, and only one remained unchanged. Two 
patients dropped out of the study because of side effects. Bhatia 
and colleagues222 used 2  g of conjugated-estrogen vaginal cream 
daily for 6 weeks in 11 postmenopausal women with SUI; six were 
cured or improved signifi cantly. Favorable response was corre-
lated with increased closure pressure and increased pressure 
transmission. Negative effects from estrogen alone on SUI were 
reported by Walter and colleagues,223 Hilton and Stanton224 and 
Samsioe and associates;225 however, in each of these studies, urge 
symptomatology was favorably affected. In a review article, 
Cardozo226 concluded that “there is no conclusive evidence that 
oestrogen even improves, let alone cures, stress incontinence,” 
although it “apparently alleviates urgency, urge incontinence, 
frequency, nocturia and dysuria”.

Kinn and Lindskog227 described the results of treatment of 36 
postmenopausal women with SUI with oral estriol and PPA, 
alone or in combination, in a double-blind trial after a 4-week 
run-in period with PPA. Although some of the data are diffi cult 
to interpret, the authors concluded that PPA alone and PPA plus 
estriol raised the intraurethral pressure and reduced urinary loss 
by 35% (signifi cant) in a standardized physical strain test. Leakage 
episodes and amounts were signifi cantly reduced by estriol and 
PPA given separately (28%) or in combination (40%); the authors 
found no evidence of a synergistic effect but did indicate that an 
additive effect was present. Walter and colleagues228 completed a 
complicated but logical study of 28 postmenopausal women with 
SUI (out of 38 original subjects). After 4 weeks of a placebo run-
in, patients were randomized to oral estriol or PPA alone for 4 
weeks and then to combined therapy for 4 weeks. In the group 
that sequentially received placebo, PPA, and PPA/estriol, the per-
centages reporting cure or improvement, respectively, were 0% 
and 13%, 13% and 20%, and 21% and 14%. In the group receiv-
ing placebo, estriol, and estriol/PPA, the corresponding percent-
ages were 0% and 0%, 14% and 29%, and 64% and 7%. Objective 
parameters showed the following: the number of leak episodes 
per 24 hours in patients treated with PPA fi rst showed a 31% 
decrease (from ∼3 to 2) compared with placebo (P < .003). For 
those treated with estriol fi rst, the change was not signifi cant 
(∼1.5 to 0.8). Combined treatment produced a mean decrease of 
48% compared with placebo. There was a greater effect with 
estriol/PPA than with PPA/estriol. Pad weights (in grams in a 1-
hour test) decreased signifi cantly with PPA alone (∼27 to 6  g), 
but there was no difference between PPA and PPA/estriol. Estriol 
alone signifi cantly decreased pad weights (∼47 to 15  g). Although 
estriol/PPA was not signifi cantly different, there was further 
numerical loss, from ∼15 to 3  g. The overall conclusions were 
that estriol and PPA are each effective in treating SUI in post-
menopausal women and that, on the basis of the subjective data, 
combined therapy is better than either drug alone. This conclu-
sion was substantiated by a signifi cant decrease in the number of 
leak episodes among those patients to whom estriol was given 
before PPA but was not confi rmed statistically by pad-weighing 
tests.

Confusing the data on the potential benefi ts of estrogen is a 
recent study by Hendrix and collegues.229 They reviewed data 
from 27,347 postmenopausal women participating in the 
Women’s Health Initiative, which was a double blind, random-

ized, placebo-controlled study of menopausal hormone therapy, 
to assess the effects of hormonal therapy on stress, urge, and 
mixed incontinence. Depending on the presence of absence of a 
uterus, patients were treated with placebo, 0.625  mg/day of con-
jugated equine estrogen (CEE), or a combination of 0.625  mg/
day CEE and 2.5mg/day of medroxyprogesterone acetate (MPA). 
They evaluated 23,296 women whose urinary incontinence 
symptoms were known. They found that menopausal hormonal 
therapy increased all types of urinary incontinence, with SUI 
being the most common, in women who were continent at base-
line after 1 year of use. For those women with urinary inconti-
nence at baseline, frequency worsened with both CEE alone and 
the combination of CEE and MPA.

Sessions and associates230 reviewed the benefi ts and risks of 
estrogen-replacement therapy. Improvements in vasomotor 
symptomatology and osteoporosis prevention are well estab-
lished. There is also substantial evidence of a decreased risk of 
cardiovascular disease, perhaps because of an effect on the lipid 
profi le. There is little question, however, that unopposed estro-
gen use in those with an intact uterus increases the risk of endo-
metrial cancer. Progestogen treatment exerts a protective effect, 
and daily administration of an estrogen and a progestogen pro-
vides an attractive alternative because of a lack of withdrawal 
bleeding (with sequential therapy) and consequent increased 
patient compliance. Whether progestogen administration 
adversely affects the results of estrogen treatment of SUI is 
unknown but must be considered. Progestogens may also cause 
mastalgia, edema, and bloating. It is concluded, further, that 
there is no evidence for an increase in thromboembolism or 
hypertension with estrogen replacement. Transdermal adminis-
tration of estrogen avoids any theoretical problems associated 
with the fi rst-pass effect through the liver with oral administra-
tion (alteration in clotting factors and increase in renin sub-
strate). The evidence does suggest an association between breast 
cancer and estrogen replacement therapy, but only for those 
who have received such therapy for more than 15 years. A pre-
ventive role of progestogens in this regard is controversial, as 
is the dose of estrogen necessary to produce this effect. Grodstein 
and colleagues231 looked at the relationship between long-term 
postmenopausal hormonal replacement therapy and overall 
mortality in a cohort of nurses over an 18-year period. Although 
they noted an overall lower risk of death (relative risk, 0.63) 
for active estrogen users compared with subjects who had 
never taken hormones, the apparent benefi t decreased some-
what (relative risk 0.80) after 10 years of therapy owing to an 
increased mortality from breast cancer in the hormone-treated 
group.

As to the type of estrogen preparation preferred, transdermal 
administration seems to be as effective as oral, and subcutaneous 
implants appear to produce physiologic serum levels. Percutane-
ous and intramuscular estrogen seem to produce variable serum 
levels. Vaginal creams are said to produce variable serum levels 
but physiologic estradiol/estrone ratios.230 We agree that “hands 
on” application to the “affected area” may have a psychological 
benefi t as well, as suggested by Murray.232 A unique new method 
for delivering vaginal estrogen involves a silicone ring with an 
estradiol-loaded core containing 2 mg of 17β-estradiol inserted 
into the vagina by the patient or the physician. A low, constant 
dose (5 to 10 g/24 hr) is delivered over a period of 90 days. This 
mode of administration not only is more acceptable to certain 
women233 but also offers a more continuous delivery of estrogen 
to the affected tissues.234
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CIRCUMVENTING THE PROBLEM

Antidiuretic Hormone–Like Agents

The synthetic antidiuretic hormone (ADH) peptide analogue 
desmopressin acetate (DDAVP; 1-desamino-8-d-arginine vaso-
pressin) has been used for the symptomatic relief of refractory 
nocturnal enuresis in both children and adults.232,235 The drug can 
be administered conveniently by intranasal spray at bedtime (in 
a dose of 10 to 40 μg) and effectively suppresses urine production 
for 7 to 10 hours. Its clinical long-term safety has been established 
by continued use in patients with diabetes insipidus. Normal 
water-deprivation tests, as described by Rew and Rundle,236 indi-
cate that long-term use does not cause depression of endogenous 
ADH secretion, at least in patients with nocturnal enuresis. 
Changes in diuresis during 2 months of treatment in an elderly 
group of 6 men and 12 women with increased nocturia and 
decreased ADH secretion were reported by Asplund and Oberg.237 
Nocturia decreased 20% (in milliliters) in men and 34% in 
women; the number of voids between 20:00 to 08:00 hours 
decreased from 4.5 to 4.3 in men and from 3.5 to 2.8 in women, 
but the drug was not given until 20:00 hours. At present, this 
novel circumventive approach to the treatment of urinary fre-
quency and incontinence has been largely restricted to those with 
nocturnal enuresis and diabetes insipidus. The fact that the drug 
seems to be much more effective than simple fl uid restriction 
alone for the former condition is perhaps explained by relatively 
recent reports suggesting a decreased nocturnal secretion of ADH 
by such patients.235 Recently, suggestions have been made that 

desmopressin might be useful in patients with refractory noctur-
nal frequency and incontinence who do not belong in the cate-
gory of primary nocturnal enuresis. Kinn and Larsson238 reported 
that micturition frequency “decreased signifi cantly” in 13 patients 
with multiple sclerosis and urge incontinence who were treated 
with oral tablets of desmopressin and that less leakage occurred. 
The actual approximate average change in the number of voids 
during the 6 hours after drug intake was from 3.2 to 2.5.

A similar circumventive approach is to give a rapidly acting 
loop diuretic 4 to 6 hours before bedtime. This, of course, assumes 
that the nocturia is not caused by obstructive uropathy. A ran-
domized, double-blind, crossover study of this approach using 
bumetanide in a group of 14 general practice patients was 
reported by Pedersen and Johansen.239 Control nocturia episodes 
per week averaged 17.5; with placebo, this decreased to 12, and 
with bumetanide to 8. Bumetanide was preferred to placebo by 
11 of 14 patients.

CONCLUSIONS

There are more pharmacologic therapies available for the treat-
ment of urinary incontinence in women than ever before. The 
treatments available are limited by their effi cacy and their side 
effects. Continued investigation and a greater understanding 
of the pathophysiology of urinary incontinence will certainly 
lead to improvements in treatment of this highly prevalent 
condition.
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Chapter 21

PHARMACOLOGIC NEUROMODULATION
Raymond R. Rackley and Patrick J. Shenot

INTRAVESICAL CAPSAICIN AND RESINIFERATOXIN

Anatomy and Function of the Uroepithelium

The internal surface of the urinary bladder is lined with transi-
tional epithelium. Three distinct layers of the uroepithelium 
have been described.1 Large umbrella cells form the superfi cial 
lining of the bladder urothelium. The permeability barrier of the 
urothelium is maintained in this stratum by tight junctions 
that prevent the paracellular passage of urinary solutes across 
this outer layer into the bloodstream. Umbrella cells are 
associated with a group of crystalline protein plaques called 
uroplakins that also contribute to the permeability barrier of 
the urothelium. Beneath the umbrella cell layer is the inter-
mediate layer of moderately sized cells and a basal layer of small 
cells.2 In the bladder, suburothelial afferent fi bers form a dense 
plexus that innervates both the detrusor itself and the basal 
layer of the urothelium.3 These afferent fi bers are critical for 
sending sensory input to the central nervous system. The uroepi-
thelium was once thought to serve only as a passive barrier to 
the contents of the bladder, but there is a growing body of 
evidence that confi rms reciprocal communication between the 
neuronal system and the uroepithelium. This implies that the 
uroepithelium may play a signifi cant role in regulating bladder 
activity via a number of neuron-like properties that modulate 
bladder sensory function and may represent a potential novel 
therapeutic target for pharmacologic intervention for bladder 
dysfunction.

Afferent Innervation of the Urinary Bladder

Normal storage of urine is dependent on spinal refl ex mecha-
nisms that activate somatic and sympathetic pathways to the 
bladder outlet and detrusor muscle as well as tonic inhibitory 
pathways that suppress parasympathetic excitatory activity 
leading to detrusor relaxation and bladder fi lling. Micturition 
requires efferent nerve input to the bladder from the spinal cord 
as well as afferent input from the bladder to central nervous 
system. Sensory information, including the sensations of bladder 
fullness and pain, is conveyed to the spinal cord via afferent fi bers 
in the pelvic and hypogastric nerves. The most important affer-
ents controlling the micturition process are the small myelinated 
Aδ fi bers, which transmit signals mainly from mechanoreceptors 
that detect wall tension and bladder fullness, and unmyelinated 
C fi bers, which detect noxious signals and initiate painful sensa-
tions.4-6 At other sites in the body, such as the skin and mucous 
membranes, C-fi ber afferents transmit nociceptive information 
into the central nervous system and modulate various refl ex 
responses to noxious stimuli such as hot temperatures (see later 
discussion).

After suprasacral spinal cord injury, there is signifi cant reor-
ganization of micturition refl exes that leads to the emergence of 
primitive spinal bladder refl exes triggered by C-afferent neurons. 
Afferent C-fi ber activation may also occur in infectious or irrita-
tive conditions in the bladder and serve to facilitate or trigger 
voiding. This may be viewed as a defense mechanism to eliminate 
bladder irritants or bacteria. Bladder wall C fi bers may be respon-
sible for afferent signals that trigger detrusor overactivity (DO). 
As specifi c C-fi ber neurotoxins, capsaicin and resiniferatoxin 
(RTX), its ultrapotent analogue, may be used to study and treat 
lower urinary tract dysfunction.7,8

Vanilloid Pharmacology

Current pharmacologic treatment of the overactive bladder relies 
on partially blocking the efferent parasympathetic innervation to 
the detrusor with anticholinergic drugs. These drugs often have 
troublesome side effects and are often used in doses insuffi cient 
to provide signifi cant clinical benefi t. The afferent pathways of 
the voiding refl ex may be targeted by intravesical instillation of 
drugs with relative selectivity for sensory nerves. Capsaicin 
and RTX are potent neurotoxins that desensitize these C-fi ber 
afferent neurons, which may be responsible for signals that 
trigger DO.

Hot peppers have been eaten and used by humans since pre-
historical times.9 Hogyes, in 1878, reported that the pungent and 
irritant action of capsicol, an extract of Capsicum, is mediated by 
sensory nerves.10 Capsaicin and its ultrapotent analogue, RTX, 
collectively belong to class of neurotoxic agents referred to as 
vanilloids. RTX is isolated from some species of Euphorbia, a 
cactus-like plant. These compounds are characterized by a termi-
nal homovanilloid moiety that interacts with a specifi c mem-
brane receptor (Fig. 21-1) The action of vanilloid compounds on 
sensory neurons is mediated via interaction of the homovanilloid 
moiety with the vanilloid receptor TRPV1 (transient receptor 
potential V1 or VR1 receptor), a nonspecifi c, heat-gated cation 
channel that mediates the infl ux of calcium and sodium, resulting 
in depolarization of nociceptive afferents to initiate a nerve 
impulse passing through the dorsal root ganglion into the central 
nervous system.11,12 Vanilloid receptors are expressed not only 
by small unmyelinated C fi bers but also by uroepithelial cells 
themselves.

As intracellular calcium levels rise, voltage-sensitive calcium 
channels are fi rst activated leading initially to local transmitter 
release, and then inhibited, serving to block the very same 
response. Noxious temperatures are also sensed via this mecha-
nism, explaining the characteristic sensation of heat that is expe-
rienced when eating chili peppers.13 Therefore, capsaicin mimics 
the action of physiologic/endogenous stimuli that activates the 
“nociceptive pathway.” At the molecular level, nociception is 
carried out by ion channels or receptors.
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Both capsaicin and RTX cause initial excitation of sensory 
neurons with a subsequent lasting refractory state termed desen-
sitization. Jancso discovered that, after a period of initial intense 
excitation of sensory neurons, animals treated with capsaicin 
become unresponsive to noxious chemical stimuli and fail to 
develop infl ammation.14,15 A large number of studies have since 
confi rmed this fi nding and established capsaicin as an useful 
agent for the study of sensory neuron function.16

Vanilloid Potency
The Scoville heat unit scale is commonly used commercially to 
compare the potency of pepper strengths. Wilbur Scoville, in 
1912, calibrated the potency of peppers by extracting capsicum 
in alcohol and diluting it until pungency was fi rst detected after 
placing a drop on his tongue.17 This technique has since been 
standardized using high-pressure liquid chromatography 
(HPLC). In fact, if all known peppers were measured using this 
technique, their scale of pungency would range from 1 Scoville 
unit, for the bell pepper, to as much as 300,000 units for the 
habanero pepper. Pure capsaicin has a Scoville heat unit score of 
16 million, and RTX registers at 16 billion Scoville heat units, 
which is 1000 times the potency of capsaicin (Table 21-1).

Sensitization (Acute Excitatory Effects)
On fi rst contact with capsaicin, afferent neurons are invariably 
stimulated, and there seems to be no apparent difference 
whether the drug is applied to the peripheral or central endings 
or to the cell bodies of sensory neurons. Administration of 
vanilloids to peripheral nerve endings results in depolarization 
and discharge of action potentials, which in turn evokes a 
characteristic burning sensation via stimulation of C-fi ber poly-
modal nociceptors. Acute activation of the sensory neurons via 
the vanilloid receptor TRPV1 results initially in depolarization 
and transmitter (peptide) release with eventual neuronal 
degeneration.18,19

Desensitization (Secondary Neurotoxic Effects)
After vanilloid-induced stimulation of primary afferent neurons, 
excitation subsides and the neurons become unresponsive to 
further applications of drug. Capsaicin desensitization is charac-
terized by long-lasting, reversible suppression of sensory neuron 
activity.20 The rate and duration of desensitization is related to 
the dose and time of exposure to capsaicin and the time interval 
between consecutive dosings.7,21

Although C-fi ber neurons have well-described afferent func-
tions, they probably have important efferent functions as well, 
including local release in the periphery of substance P, neuroki-
nin A, calcitonin gene–related peptides (CGRP), and other 
neuropeptides that directly and indirectly produce tissue 
infl ammation.22-25 Desensitization of capsaicin-sensitive nerve 
fi bers is associated with eventual depletion of transmitter 
neuropeptides.26,27

Clinical Results of Intravesical Capsaicin

Hypersensitivity Disorders
Because capsaicin and RTX selectively activate sensory C fi bers 
that convey information about noxious stimuli to the central 
nervous system, the use of intravesical capsaicin or RTX for inter-
stitial cystitis and other types of sensory or infl ammatory bladder 
conditions is logical.

Maggi and coworkers reported the clinical urologic applica-
tion of intravesical capsaicin.28 Intravesical instillation of capsa-
icin (0.1 to 10 μmol/L) in six patients with bladder hypersensitivity 
produced a concentration-related reduction of the fi rst desire to 
void, bladder capacity, and pressure threshold for micturition. 
All patients reported disappearance or marked attenuation of 
their symptoms for a few days after capsaicin application. In three 
other patients, intravesical instillation of the vehicle (0.1% 
ethanol in saline) alone did not produce signifi cant cystometric 
changes nor modify the symptomatology, suggesting that capsa-
icin-sensitive nerves exist in the human bladder. A second series 
using intravesical capsaicin, a randomized, placebo-controlled 
trial in patients with bladder hypersensitivity, confi rmed the ben-
efi cial effect of intravesical instillation of capsaicin on voiding 
parameters but did not confi rm improvement in pain score after 
capsaicin treatment compared with placebo.29

Although intravesical capsaicin has been proposed as a treat-
ment option for interstitial cystitis, its utility has not been widely 
explored. One small pilot study of intravesical capsaicin in fi ve 
patients with interstitial cystitis, using criteria of the National 
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Figure 21-1 Chemical composition of capsaicin and its ultrapotent 
analogue, resiniferatoxin. These compounds are characterized by a 
terminal homovanilloid moiety that interacts with a specifi c 
membrane receptor.

Table 21-1 Heat Level Comparisons

Pepper or Derivative Scoville Value

Sweet Italian bell 0-1
Pepperoncini 100-500
Jalapeno 1000
Cayenne 30,000-50,000
Thai 50,000-100,000
Jamaican hot 100,000-200,000
Habanero 100,000-300,000
Pure capsaicin 16,000,000
Resiniferatoxin (RTX) 16,000,000,000
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Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), 
demonstrated subjective improvement in both symptom and 
pain score in four of them.30

Neurogenic Detrusor Overactivity
Fowler and associates reported the fi rst clinical experience with 
capsaicin in neurologically impaired patients with intractable 
incontinence due to multiple sclerosis and spinal cord injury.31,32 
After a single intravesical instillation of capsaicin (1 to 2 mmol/L) 
for 30 minutes, 10 of 14 patients exhibited an improved bladder 
capacity for up to 9 months without toxicity. Similar fi ndings 
were noted in small studies in other patients with neurogenic 
DO.33,34

De Ridder and associates described the long-term outcome of 
intravesical capsaicin instillation in 79 patients with spinal cord 
disease and treatment-resistant urinary incontinence.35 Repeated 
intravesical instillation of intravesical capsaicin (1 to 2 mmol/L 
in 30% ethanol) was effective, and the benefi t persisted for up to 
3 to 5 years. In patients with phasic detrusor hyperrefl exia, com-
plete continence was achieved in 44%, satisfactory improvement 
occurred in 36%, and treatment failure was observed in 20%. 
Clinical benefi t from a single instillation lasted 3 to 6 months and 
was repeated in some patients with similar improvement. There 
was no clinical or urodynamic improvement in patients treated 
with the ethanol vehicle alone, and there were no reported long-
term complications.

There have been only a few reported randomized, placebo-
controlled studies of capsaicin in patients with neurogenic DO. 
The results of these trials have been mixed. Wiart and colleagues 
reported that a single intravesical instillation of 1 mmol/L capsa-
icin resulted in clinical improvement with signifi cant regression 
of urine leakage episodes and urgency compared with those 
receiving vehicle (30% ethanol) alone.36 These fi ndings were sup-
ported by a later study in a similar population.37 A third placebo-
controlled crossover study of 12 patients by Petersen and 
associates showed no benefi t for intravesical capsaicin treatment 
therapy in patients with neurogenic DO.38

Resiniferatoxin

RTX is an ultrapotent capsaicin analogue present in the latex of 
a cactus-like plant, Euphorbia resinifera.19,39 It mimics most bio-
logic characteristics of capsaicin with approximately 1000-fold 
higher potency and minimal initial acute excitatory effects.9 
There are signifi cant differences in biologic response between 
RTX and capsaicin. RTX and capsaicin show striking differences 
in relative potencies to excite and desensitize primary sensory 
neurons. In most cases, when RTX and capsaicin differ in potency 
of a particular biologic end point, the response is such that RTX 
preferentially causes desensitization whereas capsaicin adminis-
tration leads to profound excitation.19

Intravesical RTX in concentrations as low as 100  nmol/L 
induced full desensitization, whereas a capsaicin concentration 
of 1  mmol/L was required to induce the same effect.40-42 In addi-
tion, 100  nmol/L RTX solutions were much less irritating to 
bladder afferents than 1  mmol/L capsaicin solutions. RTX-
induced desensitization may occur at concentrations so low that 
no noxious effect is elicited. Because of its potency and unique 
property of preferential desensitization, there has been much 
interest in the application of RTX therapy for patients with inter-
stitial cystitis and DO.

Clinical Results of Intravesical Resiniferatoxin

Interstitial Cystitis
The positive fi ndings of a number of small pilot studies evaluat-
ing the effi cacy of capsaicin in interstitial cystitis logically led to 
interest in the use RTX in the treatment of interstitial cystitis, a 
poorly understood condition. Most of these studies were poorly 
controlled, but one small, placebo-controlled study did suggest 
that RTX was effective in the treatment of urinary frequency, 
urgency, and pelvic pain.43 A recent, relatively large randomized, 
double-blind, placebo-controlled trial of a single dose of 0.01 to 
0.10 μmol/L RTX found that it was not effective in improving 
overall symptoms, pain, urgency, frequency, nocturia, or voided 
volume during 12 weeks of follow-up.44

Neurogenic Detrusor Overactivity
The fi rst clinical use of RTX in patients with neurogenic DO was 
reported by Cruz and colleagues in 1997.40 They treated seven 
patients with intravesical instillation of 50 to 100  nmol/L RTX 
dissolved in 100  mL solution of 10% alcohol. Itching or mild 
discomfort were the only symptoms evoked in four patients 
during the fi rst minutes of the treatment. Temporary exacerba-
tion of bladder symptoms, as seen during the fi rst 1 to 2 weeks 
after capsaicin administration, did not occur. In fi ve of the seven 
patients, urinary frequency decreased by 33% to 58%, and this 
effect was detected as soon as the fi rst day after treatment. Three 
patients were incontinent and became dry on most days. Improve-
ment was sustained for up to 3 months, the longest follow-up 
period available. Four patients had urodynamic improvement, 
with a rise in maximum cystometric capacity from 50% to 900% 
of pretreatment cystometric capacity.

Lazzeri and colleagues reported using intravesical RTX 
(10  nmol/L) in eight normal patients and seven patients with 
overactive bladder.42 RTX did not decrease the volume required 
to elicit the fi rst desire to void and did not produce warm or 
burning sensations at the suprapubic or urethral level during 
infusion in normal subjects. Mean capacity increased signifi -
cantly in patients with overactive bladder immediately after 
instillation but was not signifi cantly increased after 4 weeks. 
There was no signifi cant improvement in bladder capacity in the 
overall group, but two patients with detrusor hyperrefl exia did 
improve urodynamically in conjunction with clinical improve-
ment in frequency, nocturia, and incontinence episodes.

Although the results of several small studies suggested that 
intravesical RTX may have a role in the treatment of refractory 
neurogenic detrusor overactivity, its effi cacy has not been con-
clusively confi rmed in any randomized controlled trials.45-48 RTX 
has been demonstrated to adsorb to polyethylene, polyvinylchlo-
ride, and latex (but not silicone or glass) catheters and containers. 
These materials were used in some of these studies, possibly 
leading to lower than expected drug delivery, thereby confound-
ing the results obtained.49

A double-blind, randomized, controlled study comparing the 
effi cacy and tolerability of RTX to capsaicin demonstrated sig-
nifi cant clinical improvement in approximately two thirds of 
patients with neurogenic DO for 90 days after treatment with 
either agent.50 Patients in the capsaicin arm were treated with 
capsaicin dissolved in a novel glucidic solvent, whereas the RTX 
used in this study was diluted in 10% ethanol. There were no 
signifi cant differences in regard to incidence, nature, or duration 
of side effects in capsaicin- versus RTX-treated patients, suggest-
ing the importance of considering the role of vehicle solvent 
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when interpreting the effi cacy and tolerance of vanilloid 
instillation.

RTX has also been compared with intravesical injections of 
botulinum A toxin (BTX-A) into the detrusor muscle in patients 
with spinal cord injury and refractory DO.51 With both treat-
ments, there was a signifi cant reduction in mean catheterization 
and episodes of incontinence and a signifi cant increase in mean 
fi rst involuntary detrusor contraction and in mean maximum 
bladder capacity at 6, 12, and 24 months after therapy. Both RTX 
and BTX-A resulted in benefi cial clinical and urodynamic results, 
with reduction of DO and restoration of urinary continence in 
most patients. BTX-A injection, however, provided better clinical 
and urodynamic benefi ts than intravesical RTX.

Non-neurogenic Detrusor Overactivity
Enthusiasm for intravesical RTX as a treatment for neurogenic 
DO has led to its investigation as a potential therapy for non-
neurogenic detrusor overactivity. RTX instillation may delay 
or suppress involuntary detrusor contractions and increase 
mean maximal cystometric capacity for at least 90 days.52 Rela-
tively modest improvements in clinical symptoms were noted 
in several studies of patients with non-neurogenic DO in this 
population.53-55 To date, there has been no well-controlled 
randomized trial.

Technique of Intravesical Capsaicin and 
Resiniferatoxin Administration

Neither capsaicin nor RTX is currently approved for routine 
clinical intravesical use. Insertion of a small silicone urethral 
catheter with balloon occlusion of the bladder neck is recom-
mended. Care must be taken to avoid contact with polyethylene, 
polyvinylchloride, or latex which may result in a diminished 
effective administered dose. Intravesical lidocaine is commonly 
instilled before drug administration. Although a 1% to 2% lido-
caine solution is most commonly used, there is evidence that 4% 
lidocaine may improve tolerability.44

Capsaicin has typically been used as a 1- to 2-mmol/L solution 
dissolved in 30% ethanol in saline. RTX is administered as a 0.05- 
to 0.10-μmol/L solution in 10% ethanol. Both agents are usually 
left in the bladder for approximately 30 minutes.

Conclusions for Intravesical Capsaicin 
and Resiniferatoxin

Intravesical instillation of vanilloid agents appears to be a prom-
ising therapy for the treatment of neurogenic and non-neuro-
genic DO. These agents may be used to directly target sensory 
nerves on the afferent limb of the voiding refl ex without systemic 
side effects. Numerous studies have demonstrated improvement 
in lower urinary tract symptoms with minimal long-term com-
plications. Despite more than a decade of experience with these 
neurotoxic agents, however, the true effi cacy of these compound 
has not been clearly defi ned. RTX, which appears to have effi cacy 
similar to capsaicin but with fewer side effects, holds greater 
promise as a safe, effective treatment for DO. Prospective ran-
domized, placebo-controlled studies are necessary to truly defi ne 
the role of intravesical vanilloid therapy in the management of 
overactive bladder.

BOTULINUM TOXIN

Discovered by Professor Pierre Emile van Ermengem of Ellezelles 
in 1897, BTX is a neurotoxin produced by the gram-positive, 
rod-shaped anaerobic bacterium, Clostridium botulinum.56 
Although seven immunologically distinct antigenic subtypes of 
BTX have been isolated (A, B, C1, D, E, F, and G), only types A 
and B are available for use clinically. BTX-A, known as BOTOX 
in the United States and DYSPORT in the United Kingdom, is 
more potent and has a longer duration of action than type B, 
which is known as MyoBloc in the United States and NeuroBloc 
in Europe.57

BTX exerts its effects by binding to the peripheral cholinergic 
terminals and inhibiting the release of acetylcholine at the neu-
romuscular junction. As a result, a fl accid paralysis ensues. There 
are four steps involved in this process: binding, translocation, 
cleavage, and inhibition of neurotransmitter release.57 BTX is 
made within the bacterial cytosol and is released as a 150-kd 
polypeptide chain. Proteolytic cleavage results in a heavy chain 
(100 kd) and a light chain (50 kd), which are linked by heat-labile 
disulfi de bonds. Neither chain can exert neurotoxicity indepen-
dently. The heavy chain is responsible for binding to the nerve 
terminal at the neuromuscular junction. The light chain, which 
is internalized by endocytosis, actively cleaves a specifi c site on 
the protein complex responsible for docking and release of vesi-
cles containing neurotransmitters into the neuromuscular junc-
tion.58 By cleaving protein receptors within the nerve terminals, 
BTX prevents the normal vesicular transport and release of ace-
tylcholine from the motor nerve terminals into the neuromuscu-
lar junction.

Based on histologic evidence, recovery of chemodenervation 
occurs after 3 to 6 months. This is thought to be the result of 
turnover of the presynaptic molecules and nerve sprouting from 
the nerve terminal, forming a new functional synapse. Affected 
nerve terminals do not degenerate, and axonal sprouting and 
formation of new synaptic contacts can recover function. The 
time required to recover function after BTX paralysis depends on 
the subtype of toxin used and the type of nerve terminal.57 Che-
modenervation lasts between 3 and 6 months when BTX is 
injected near the neuromuscular junction of skeletal muscle and 
considerably longer (up to 1 year) when it is injected near the 
autonomic neurons of smooth muscle.57,58

Applications in Urology

BTX was fi rst approved by the Food and Drug Administration 
(FDA) in 1989 for use in people with strabismus and blepharo-
spasm.56 Since then, its use has been extended to cervical dysto-
nia, cosmesis, hypersecretory disorders, and overactive muscle 
disorders. Although it is not an FDA-approved use, BTX has 
been used in urology to treat neurogenic and non-neurogenic 
DO, detrusor-sphincter dyssynergia (DSD), motor and sensory 
urgency, and, more recently, chronic pain syndromes.

Detrusor Overactivity
The use of BTX in neurogenic DO was pioneered by Schurch and 
colleagues in 2000.59 BTX-A (200 or 300 units) was injected into 
the trigone of 21 spinal cord–injured patients with DO and urge 
incontinence managed with clean intermittent catheterization. 
At 6 weeks, 17 of 19 patients were completely continent. Urody-
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namic evaluation revealed signifi cant increases in mean fi lling 
volume, maximum cystometric capacity, and postvoid residual 
urine and a decrease in detrusor voiding pressure. In the 11 
patients available for follow-up at 16 and 36 weeks, improve-
ments in bladder function and urodynamic parameters persisted. 
Similarly, signifi cant increases were noted in cystometric bladder 
capacity, refl ex volume, and bladder compliance, and there was 
a decrease in mean voiding pressures, in a retrospective multi-
center European study of 200 patients with neurogenic DO.60 
More recently, Schurch and coworkers compared two different 
doses of BTX-A in a double-blinded, multicentered, randomized, 
placebo-controlled study of 59 patients with neurogenic DO.61 
Over 24 weeks, there was a rapid and sustained reduction in the 
number of incontinence episodes, an increase in maximum cys-
tometric capacity, and a decease in mean detrusor pressure. In a 
study of 66 patients with neurogenic DO, Grosse and associates 
examined the effect of repeat detrusor injections of BTX-A. After 
each BTX-A injection, cystometric capacity and refl ex volume 
increased signifi cantly while the number of refl ex contractions 
decreased signifi cantly from baseline.62 Repeat injections were as 
effective as the fi rst injection, indicating no evidence of drug 
resistance.

Given the benefi ts of BTX in patients with neurogenic DO, its 
use has been expanded to patients with idiopathic DO. Dykstra 
and colleagues conducted a pilot dose-escalation study of BTX-B 
in 15 women with idiopathic DO. All but one patient reported 
decreased urgency, decreased frequency, and no incontinence.63 
Although the degree of response was similar for all doses, the 
duration of response was dose-dependent, with the greatest 
duration seen at 100-150 units. Rapp and associates looked at 
the effect of BTX-A on 35 patients with urgency, frequency, and 
urge incontinence using the Incontinence Impact Questionnaire 
(IIQ-7) and the Urogenital Distress Inventory (UDI-6).64 At 3 
weeks, the mean IIQ-7 and UDI-6 scores decreased signifi cantly. 
Overall, 60% of patients experienced improvement in voiding 
symptoms.

Overactive Bladder without Detrusor Overactivity
In a recent article, Schulte-Baukloh and colleagues examined the 
effect of 300 units of BTX-A administered by combined bladder 
and external sphincter injections in women who had overactive 
bladder symptoms without urodynamic DO.65 In all cases, the 
patient’s condition was refractory to anticholinergics, biofeed-
back, and neuromodulation. Signifi cant reductions were noted 
in daytime frequency, nocturia, and pad use at 3 and 6 months. 
Maximal bladder capacity increased by 20% at 3 months. Signifi -
cant improvements were also noted in the UDI-6 and Symptom 
Impact Index (SII) scores, and no side effects, such as urinary 
retention, were noted. The authors attributed their low rate of 
urinary retention to injection of low doses (50 to 75 units) of 
BTX-A into the external sphincter muscle.

Detrusor Sphincter Dyssynergia
The most widespread application of BTX for urethral conditions 
is for external sphincter dyssynergia.58 Dykstra and colleagues, in 
1988, were the fi rst to use BTX for treatment of DSD.66 In a study 
of 11 patients with spinal cord injuries and DSD, they injected 
BTX-A into the external urethral sphincter. The majority of 
patients showed signs of sphincter denervation on electromyog-
raphy. Urethral pressure profi les and postvoid residual volumes 
were decreased. The largest series assessing the effect of BTX-A 

on patients with spinal cord injury and DSD was conducted by 
Schurch and associates in 1996.67 Three different protocols, using 
two different formulations of BTX-A toxin, were studied in 24 
patients. Eighty-seven percent of patients (21/24) had improve-
ments in urodynamic parameters regardless of the protocol or 
formulation used. Complete disappearance of DSD was noted in 
8 of 21 patients, while mean maximum urethral pressure during 
DSD decreased by 48%, mean duration of DSD decreased by 
47%, and mean urethral sphincter pressure decreased by 20%. 
More recently, de Seze and coworkers, in a randomized, double-
blinded, lidocaine-controlled study of 13 spinal cord–injured 
patients with DSD, found that BTX signifi cantly reduced post-
void residuals and maximal urethral pressures at 1, 7, and 30 days 
when compared with lidocaine.68

Urinary Retention and Voiding Dysfunction
Several studies have looked at the role of BTX-A injections into 
the external urethral sphincter in patients with voiding dysfunc-
tion and urinary retention. Phelan and colleagues, in a prospec-
tive study of 21 patients with voiding dysfunction, injected 80 to 
100 units of BTX-A into the external urethral sphincter.69 After 
the BTX-A injection, all but one patient were able to void spon-
taneously, and all but two discontinued catheterization. Kuo 
looked at the clinical effects and urodynamic parameters of 50 
units of BTX-A in 103 patients with various types of lower urinary 
tract dysfunction.70 Overall, 84.5% of patients had decreases in 
maximum voiding pressure, maximal urethral closure pressure, 
and postvoid residual. Indwelling urethral catheters and 
clean intermittent catheterization were discontinued in 87% of 
patients.

Pelvic Pain, Chronic Prostatic Pain, and Interstitial Cystitis
Although several studies have begun to explore the use of BTX-A 
in the treatment of pelvic pain, the direct mechanism of action 
by which BTX produces an antinociceptive effect is unknown. 
Animal studies have shown that, in addition to blocking acetyl-
choline release from motor neurons, BTX also inhibits the release 
of neurotransmitters involved in sensory pathways. BTX has been 
shown to inhibit the release of substance P and glutamate, neu-
ropeptides involved in sensory and nociceptive pathways.71 A 
more recent study looked at the effect of intravesical BTX-A on 
the release of CGRP in an acetic acid–induced rat bladder pain 
model. CGRP, a capsaicin-sensitive neuropeptide that has a role 
in regulation of micturition and mediation of painful bladder 
sensation, was found to be reduced in animals that received intra-
vesical BTX-A.72 This fi nding suggests that BTX inhibits CGRP 
release, thereby suppressing bladder pain.

Clinically, the literature on BTX in the treatment of pelvic 
pain syndromes is limited. Zermann and associates performed 
transurethral perisphinteric injection of BTX-A into 11 men with 
chronic prostatic pain.73 Nine of the 11 patients reported subjec-
tive pain relief, with an average decrease in pain on a visual ana-
logue scale from 7.2 to 1.6. Postinjection urodynamics showed 
decreases in functional urethral length, urethral closure pressure, 
and postvoid residual and increases in peak and average fl ow 
rates. Jarvis and coworkers conducted a pilot study evaluating the 
effect of BTX-A injection into the levator ani of 12 women with 
chronic pelvic pain and pelvic fl oor hypertonicity.74 Under con-
scious sedation, women were injected with 40 units of BTX-A 
into the puborectalis and pubococcygeus bilaterally. Pelvic fl oor 
manometry showed a 37% reduction in resting pressure at week 
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4 and a 25% reduction at week 12. Signifi cant improvements 
were noted in quality of life, dyspareunia, nonmenstrual pelvic 
pain, and dyschesia, but these changes were not statistically 
signifi cant.

Three studies have looked at the antinociceptive effect of BTX 
on patients with interstitial cystitis. The fi rst study, conducted at 
the Cleveland Clinic Foundation, retrospectively evaluated the 
effect of two treatment protocols on 10 patients meeting the 
NIDDK criteria for interstitial cystitis. The fi rst fi ve patients 
received submucosal injections, and the second fi ve received 
intravesical instillations. Neither group showed statistically sig-
nifi cant changes in subjective or objective outcome measures.58 
In the second study, Smith and colleagues injected the detrusor 
of 13 female patients with refractory interstitial cystitis.75 Overall, 
69% of patients noted subjective improvement. Statistically sig-
nifi cant improvements were noted in the Interstitial Cystitis 
Symptom Index and the Interstitial Cystitis Problem Index, as 
well as daytime frequency, nocturia, and pain. On urodynamic 
testing, statistically signifi cant improvements were noted in fi rst 
desire to void and maximum cystometric capacity. In the third 
study, by Kuo, involved eight women and two men with chronic 
interstitial cystitis; fi ve patients were injected with 100 units of 
BTX-A suburothelially into 20 sites, and an additional 100 units 
was injected into the trigone in the other fi ve patients.76 Thera-
peutic outcomes, including functional bladder capacity, number 
of daily urinations, bladder pain, and urodynamic changes, were 
compared between baseline and 3 months after treatment. The 
clinical result of suburothelial BTX injection was disappointing. 
None of the patients was symptom-free, and only a limited 
improvement in bladder capacity and pain score was achieved in 
two patients.

Dosage

Although most institutions use between 100 and 300 units of 
Botox per treatment, the optimal dosage has yet to be established. 
Recent studies have examined the effects of various dosing regi-
mens in patients with both neurogenic and non-neurogenic DO. 
For example, Schurch and colleagues conducted a double-
blinded, randomized, placebo-controlled study evaluating the 
effi cacy of two doses of BTX-A (200 versus 300 units) in 59 
patients with neurogenic urinary incontinence.61 Both groups 
demonstrated signifi cant decreases in number of incontinent 
episodes per week, maximum detrusor pressure during bladder 
contractions, and number of hyperrefl exic detrusor contractions. 
Both groups experienced signifi cant improvements in Inconti-
nence Quality of Life (I-QOL) total scores which were main-
tained throughout the 24-week study. There were no statistically 
signifi cant differences in any of the objective or subjective 
measures between the patients who received 200 units of BTX 
and those who received 300 units. Further studies continue to 
defi ne the optimal dosage of BTX for various treatment 
conditions.

Injection Techniques

Bladder
For bladder injections, this procedure is typically performed in 
the outpatient setting. With the patient in the lithotomy position, 
100 mL of 2% lidocaine solution is instilled into the bladder and 
allowed to dwell for 15 to 20 minutes to take effect.58 In females, 
a 23-Fr rigid cystoscope with an injection needle (a 23-gauge 

needle on a 5-Fr injection sheath) is inserted through the urethra. 
In males, the fl exible cystoscope is used along with a fl exible 
injection needle. Depending on the institution and clinical trial, 
the bladder is typically injected with 100 to 300 units of BTX-A. 
We typically use one vial of BTX-A that contains 100 units and 
dilute the dried toxin in 10 mL of injectable saline, yielding a fi nal 
concentration of 10 units/1 mL. Approximately 30 bladder injec-
tions, each ~0.33 mL, are made into the detrusor muscle, avoid-
ing extravasation into the bladder serosa. Injection sites vary 
depending on whether the trigone-sparing technique is used (Fig. 
21-2). If the trigone-sparing technique is used, the 30 injections 
are distributed between the bladder base and lateral walls, sparing 
the trigone. If the trigone is injected, six injections, or 20% of the 
total volume, is made into the trigone. Proponents of trigonal 
injection argue that patients will have a better clinical response 
if the BTX is placed in the trigone, an area of greater nerve 
density. However, opponents argue that trigonal injection could 
result in distal ureteral paralysis and subsequent ureteral refl ux. 
To date, this theoretical concern has not been observed 
clinically.

Urethral
The urethra can be injected in one of two ways, cystoscopically 
or periurethrally.58 The fi rst method involves localization of the 
external sphincter using the rigid cystoscope and a 23-gauge 
needle on a 5-Fr injection sheath. Between 100 and 200 units of 
BTX-A is injected into the sphincter under direct vision equally 

Figure 21-2 Mapping of bladder injections.
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at the 3, 6, 9, and 12 o’clock positions. In women, an alternative 
periurethral technique can be performed easily via a small-gauge 
spinal needle.

Adverse Events and Contraindications

Side effects of BTX are rare in urologic applications. Not only are 
the injections localized with little systemic absorption, but the 
doses used are well below the presumed fatal dose in a 70-kg 
man.57 Additionally, patients should be warned about the possi-
bility of urinary retention after BTX treatment, secondary to 
detrusor hypocontractility. The rates of urinary retention after 
BTX-A vary from 0% to 50%, depending on injection technique; 
determining the postvoid residual before injection may aid in 
determining the proper amount of toxin and method of injec-
tion. In a recent study of seven patients, Schulte-Baukloh and 
colleagues reported no episodes of urinary retention.65 They 
attributed this result to injection of the external sphincter muscle 
with 50 to 75 units of BTX-A after completion of the bladder 
injections. Kuo recently reported a seven-fold increase in post-
void residual, with 50% of patients requiring temporary clean 
intermittent catheterization after suburothelial injection of BTX-
A.77 These data suggest that suburothelial injections of BTX-A 
may have a more profound effect on detrusor contractility or 
sensation than detrusor injections do.

In nonurological cases, repeated injections of BTX-A caused 
immune responses in fewer than 5% of patients. Patients under-
going repeated injections are at risk of forming neutralizing anti-
bodies that may interfere with the effi cacy of BTX therapy.58 
Therefore, the use of other BTX serotypes which are not known 
to cause immune reactions, such BTX-C, is being investigated.57 
Currently, new formulations of BTX-A and the timing cycle of 
repeated injections appear to have eliminated this concern. In 

patients receiving BTX injections for cervical dystonia, spacing 
the injection cycles a minimum of 12 weeks apart has drastically 
reduced the formation of neutralizing antibodies.58

Contraindications to BTX injection include preexisting neu-
romuscular disease, such as myasthenia gravis, Eaton-Lambert 
syndrome, or amyotrophic lateral sclerosis (Lou Gherig 
disease).57,58 BTX should also be avoided in patients who are 
breastfeeding, pregnant, or using agents that potentiate neuro-
muscular weakness, such as aminoglycosides. Patients should be 
informed that some formulations of BTX include stabilizers such 
as albumin that are derived from human blood; this fact may be 
of religious or cultural signifi cance to some.

Conclusions for Botulinum Toxin Therapy

BTX therapy is emerging as an alternative therapeutic option in 
patients with debilitating chronic urologic conditions such as 
DSD, neurogenic or non-neurogenic DO, and pelvic pain syn-
dromes. Given its low side effect profi le and long duration of 
action (6 to 12 months), BTX offers an attractive alternative to 
conservative medical therapy and invasive surgery. Limited but 
growing clinical experience has revealed that temporary che-
modenervation with reduction or loss or neuronal activity at the 
target organ may be achieved with minimal risk. This highly 
favorable risk-benefi t ratio in urology is derived from the clinical 
ability to effectively treat an end-organ condition with control-
lable site-specifi c delivery (e.g., subcutaneous, intramuscular, or 
instillation) combined with high affi nity for toxin uptake by the 
peripheral nerves. Although many questions remain regarding 
the optimal use of this minimally invasive option for urologic 
applications, the opportunity for expanding indications will 
provide urologists with increasing options for addressing diffi cult 
challenges in voiding dysfunction.
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Chapter 22

SACRAL NEUROMODULATION 
INTERVTIM FOR THE TREATMENT OF 
OVERACTIVE BLADDER
Steven W. Siegel and Sarah E. Moeller

Urinary incontinence and voiding dysfunction are common con-
ditions affecting the quality of life of millions of men and women. 
In the case of those with overactive bladder (OAB), anticholin-
ergic medications, behavioral interventions, and pelvic fl oor re-
education are appropriate initial treatments, but often these are 
not able to control symptoms comfortably or suffi ciently, and 
other options must be considered. Sacral neuromodulation has 
gained increased acceptance as a standard of care for these 
patients.1 This chapter presents a detailed description of the 
therapy, including possible mechanism of action, patient selec-
tion, surgical technique, troubleshooting, and outcomes assess-
ment for symptoms of OAB, including urge incontinence and 
urinary frequency and urgency.

HOW SACRAL NEUROMODULATION WORKS

The observation that sacral nerve stimulation (SNS) may reduce 
or eliminate symptoms of voiding dysfunction implies that the 
conditions so affected are neuromuscular in nature. A simple 
concept is that the pathologic state represents an imbalance of 
refl exes between the bladder, sphincter, and pelvic fl oor, and that 
sacral neuromodulation improves or restores the balance. The 
fact that the same treatment may be effective for symptoms of 
OAB and retention implies that the therapy is modulating the 
central nervous system at the level where switching between 
bladder emptying and storage occurs (Fig. 22-1).2 This fi ts with 
the observations that the impact of neuromodulation may be 
immediate and that it is usually reversed on therapy withdrawal. 
Anticholinergic drugs work at the efferent limb of the voiding 
refl ex, inhibiting detrusor activity by receptor blockade. This 
approach may be ineffective if the underlying disorder represents 
an upregulation of pelvic visceral afferent input or a destabiliza-
tion of the switch at the level of the dorsal horn or pons. Sacral 
neuromodulation is likely to exert its infl uence via modulation 
of afferent pathways at multiple possible levels (Box 22-1).3-20 
Because sacral root stimulation evokes a motor movement of the 
pelvic fl oor, it is also likely that manipulation of the guarding 
refl ex is an essential mechanism of action. If the guarding behav-
ior is coordinated or decreased, voiding may be facilitated; if it is 
increased, appropriate storage may be promoted. Symptoms of 
incontinence or voiding dysfunction may represent an alteration 
of the pelvic neuromuscular environment that changes pelvic 
organ function as opposed to a disorder of the organs per se, and 
neuromodulation is a method of altering the environment to 
promote normal function.

Indications and Patient Selection

SNS was approved by the U.S. Food and Drug Administration 
(FDA) for intractable urge incontinence in 1997, and for urgency-
frequency and nonobstructive urinary retention in 1999. Later, 
the labeling was changed to include “overactive bladder” as an 
appropriate diagnostic category. Patients from these groups are 
appropriate for SNS if they have chronic symptoms that signifi -
cantly affect quality of life and if conservative treatments have 
been unsuccessful.1,21

Overactive Bladder
The OAB syndrome represents a mixed group of disorders with 
a common set of voiding behaviors, including urinary urgency-
frequency and urge incontinence. In most instances, the cause is 
deemed idiopathic. Certainly, a behavioral component or pelvic 
fl oor muscle dysfunction is commonly present. There frequently 
is evidence of pelvic fl oor muscle spasticity on examination and 
on urodynamic study. The urodynamic study may or may not 
demonstrate uninhibited detrusor contractions. There may have 
been a triggering event, such as a pelvic surgery (e.g., surgery for 

266

Figure 22-1 Micturition refl ex pathways as outlined by de Groat. 
Note that the Aδ fi bers and C fi bers provide afferent signaling to 
the brain as the bladder fi lls. The brain, in turn, signals spinal 
pathways, resulting in a “turning off” of the guarding refl ex, 
relaxation of the external urethral sphincter, contraction of the 
detrusor, and voluntary voiding of urine.
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stress incontinence) or trauma. As a rule, patients who are appro-
priate candidates for SNS are neurologically normal and have no 
structural abnormality of the bladder (e.g., scarring from radia-
tion therapy, diverticulum).

Neurogenic Disorders
Patients with defi ned neurologic abnormalities such as multiple 
sclerosis or partial cord injury may also benefi t, but studies in 
this population of patients have been few. When faced with the 
alternative of an indwelling catheter or urinary diversion, it may 
be reasonable to consider a diagnostic trial of SNS. Patients with 
disorders such as peripheral neuropathy, a cord lesion, multiple 
sclerosis, parkinsonism, or myelodysplasia are not ideal candi-
dates. Patients with multiple sclerosis, for example, were excluded 
from the original trials leading to FDA approval of SNS because 
of the potential for the underlying condition to change.22 If this 
were to have occurred, the effectiveness of the therapy might have 
been called into question by the FDA. However, we know that 
SNS does help patients who have multiple sclerosis,23 and, in 
some cases, it may be the most appropriate option.

Interstitial Cystitis and Pelvic Pain
Interstitial cystitis is not an FDA-approved indication for SNS, 
but one could defi ne a set of symptoms characteristic of intersti-
tial cystitis as “urinary frequency and urgency with pelvic pain.” 
If a diagnostic label based on objective voiding behaviors is used, 
patients with interstitial cystitis may readily fi t into the approved 
diagnostic criteria. Although isolated symptoms of pelvic fl oor 
muscle dysfunction, pelvic pain, and/or bowel dysfunction are 
not indications for the therapy, they are commonly present in 
patients who are otherwise candidates for SNS and frequently 
improve along with the urinary complaints if the therapy is 
otherwise successful.24-29 Patient selection for SNS remains 
empiric. A key is to think of voiding dysfunctions in terms of 
voiding behaviors and pelvic fl oor muscle function, rather than 
organ-based labels. Patients with intractable urinary frequency, 
urgency, and urge incontinence should be considered as prime 
candidates. Evidence of high-tone pelvic fl oor muscle dysfunc-
tion may also be demonstrated on routine physical examination 
and on diagnostic studies such as pelvic fl oor electromyogra-
phy.30 A successful trial stimulation remains the best indicator for 
patient selection and should be used as a routine diagnostic test 
for patients with chronic, life-altering voiding complaints that 

cannot be adequately resolved by medications or behavioral 
interventions.

Technique

Brindley and colleagues, Schmidt, and Tanagho were some of the 
fi rst to describe electrode placement to treat urinary incontinence 
in humans. Brindley and colleagues treated paraplegic subjects 
with sacral anterior root stimulation starting in 1976.31 Thirty of 
the 50 treated patients reported complete continence, and 26 of 
the 28 male patients were able to achieve penile erection with 
sacral root stimulation. Schmidt reported on placement tech-
nique for the neurostimulator electrode at the S3 or pudendal 
nerve level.32 Pelvic pain symptoms improved by at least 50% in 
almost half of the patients.33 In 1990, Tanagho reported that 
almost 70% of 31 urge-incontinent patients self-rated their 
symptom improvement as 50% or higher.34 Since that time, the 
test stimulation, lead design, and surgical technique have been 
refi ned.

Staged Lead Implantation as Initial Trial
It is our preference to perform a staged implantation as the initial 
therapeutic trial. The benefi ts of this approach include the ability 
to place a potentially chronic lead under minimal anesthesia. The 
design of the chronic lead is useful in correct identifi cation of the 
anatomic nerve pathway, due to its array of four contact points, 
which also allows for reprogramming of the site of stimulation 
during the trial. Use of minimal anesthesia during chronic lead 
implantation (monitored anesthesia care, or MAC) allows the 
patient to give sensory feedback during the positioning of the 
lead, which serves to increase the accuracy of site selection and 
decrease the risk of uncomfortable sensations with chronic use 
of the device. We typically conduct the staged lead implantation 
over a 1-month period, and if there is at least a 50% improvement 
of the target symptoms to justify the use of an implantable pulse 
generator (IPG), the patient can depend on the result of the trial 
phase to accurately predict how the permanent implant will func-
tion. It is our impression that this technique results in a lower 
rate of false-positives, which may occur if there is insuffi cient 
time to gauge the response. The more accurate placement of the 
potentially permanent lead should also result in a higher rate of 
appropriate patient selection and should decrease the need for 
later revision surgery.

Preoperative Preparation
The patient should have completed baseline diaries documenting 
the target voiding dysfunction and/or incontinence. These include 
specifi c quantifi cation of urinary frequency, voided volumes per 
void, degree of urgency, number and severity of incontinence 
episodes per day, and number and type of pads used per day. We 
do not ask the patients to do a cleansing bath or shower. Patients 
are given a preoperative dose of cephazolin (Ancef), or if they are 
allergic to penicillin, gatifl oxacin (Tequin).

Anesthesia
The patient’s feedback during lead placement can be essential to 
the ultimate success of the therapy; therefore, MAC/local anes-
thesia is most appropriate for lead placement. This also allows 
for more immediate postoperative programming because of the 
quicker patient recovery. Developing a routine with the anesthe-
sia team is critical to the ease and success of this procedure. Our 
anesthesiologists use a cocktail of propofol (Diprivan), fentanyl 

• Inhibits postganglionic nerve terminals4-6

• May inhibit primary afferents presynaptically7,8

• May affect pudendal afferents that transmit somatic and 
visceral neurochemical signaling9-11

• Inhibits spinal tract neurons involved in the micturition 
refl ex12-15

• May suppress guarding refl exes indirectly by turning off 
bladder afferent input to internal sphincter sympathetic or 
external urethral sphincter interneurons8,16,17

• May activate  bladder efferents to stimulate voiding while 
simultaneously turning off excitatory pathway to 
urethra18-20

Box 22-1 Possible Mechanisms of Sacral 
 Nerve Stimulation
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(Sublimaze), and midazolam hydrochloride (Versed). This allows 
for titration of the level of consciousness during the procedure. 
There is also a degree of amnesia as a result of the Versed. Some 
patients are comfortable with remaining alert throughout, 
whereas others, who may be more pain focused, need a higher 
level of sedation from the start. In rare instances, a general anes-
thetic is required due to issues such as sleep apnea or patient 
choice. If so, it is critical that only short-acting paralyzing agents 
be used to avoid obscuring pelvic muscle responses turning intra-
operative stimulation.

Intraoperative Positioning and Preparation
Patients are placed on a fl uoro-friendly table in a prone position 
(Fig. 22-2). Use of MAC/local anesthesia can aid in allowing the 
patient to assist in transfer and table positioning. Pillows are 
helpful under the pelvis and beneath the shins. The hips must be 
positioned so that a C-arm unit can be passed under the table in 
order to allow viewing of the sacrum in an anterior-posterior 
(AP) plane. The feet must remain uncovered to allow for direct 
observation during the procedure. Two chest rolls are also needed 
to aid with respiration. The lower back and buttocks are fi rst 
wiped with alcohol and then painted with DuraPrep (3M) solu-
tion. This is allowed to dry completely before the skin is covered 
with an Ioban (3M). The use of alcohol/DuraPrep/Ioban allows 
for a quicker and more bactericidal preparation than a prolonged 
Betadine scrub and paint. When used in this fashion, the Ioban 
also sticks to the skin very snugly, preventing any direct exposure 
to the skin other than at the exact site of incision. This is initially 
placed smoothly over the lower back and sacral area and loosely 
over the buttocks. After fi rst placement of the Ioban, the cheeks 
of the buttocks are gently pulled apart and released to allow the 
covering to dip into the buttocks crease. This provides for excel-
lent visualization of the “bellows” response without risk of fi eld 
contamination from colonic fl ora. The buttocks cheeks are not 
taped apart, because this adds little benefi t in discerning a bellows 
response yet tends to tense-up and humiliate the patient.

Selecting the Appropriate Foramen
As a rule, the target foramen is either the right or left S3 level. In 
rare instances, S4 is best, and S2 is almost never appropriate for 
chronic stimulation. If the patient has a lateralizing pain compo-
nent, that side is usually approached preferentially. If there is no 

lateralization, and if the surgeon is right-handed, we tend to 
choose the patient’s left side for lead placement and prefer to 
stand on the patient’s right side during the procedure. We there-
fore preferentially place the IPG in the right upper buttocks, with 
the lead on the left; this uses up an additional 2 cm of lead length, 
minimizing potential lead redundancy at the connecting site.

Local Anesthesia
Once the starting point has been estimated, the skin is anesthe-
tized with 0.25% bupivacaine (Marcaine) to create a dime-sized 
wheal. The skin must exhibit a “peau d’orange” effect to achieve 
rapid anesthesia, and it is not necessary to infi ltrate into the fat 
below the skin level. It may be necessary to numb the posterior 
sacral periosteum if the patient exhibits discomfort.

Positioning the Foramen Needle with 
the Use of Fluoroscopy
Fluoroscopy is needed to identify the target site. Initially, an AP 
view is obtained to determine the medial edge of the foramina 
(Fig. 22-3). A skin mark is made at this level on one side, and 
then, by estimating two fi ngerbreadths over, the second site is 
confi rmed again with fl uoroscopy and marked. An imaginary 
line parallel to the spine at the level of either mark is where the 
foramina lineup, and now the S3 level needs to be determined by 
a cross-table fl uoroscopic view. On the cross-table lateral view 
(Fig. 22-4), the S2 level is readily identifi ed as the point at which 
the sacroiliac joint fuses, forming a characteristic shadow. The 
fi rst anterior protrusion or “hillock” from the surface of the 
sacrum below this shadow is typically S3. Next, a skin marker 
such as a mosquito clip is positioned in line with the medial edge 
of the foramina, and a cross-table view is obtained to determine 

Figure 22-2 The patient is placed on a fl uoro-friendly table that 
allows C-arm access under the pelvis for both anterior-posterior 
and lateral views. Chest rolls are placed to improve breathing, and 
a pillow or blanket supports the hips. Access to the feet is 
maintained out of the sterile fi eld to allow monitoring of responses.

Figure 22-3 An anterior-posterior view is obtained to determine 
the medial edge of the foramina. A marker is placed on the skin 
and moved to the edge, where a skin mark is made. The opposite 
edge is usually two fi ngerbreaths across from the fi rst mark. All of 
the foramina line up along the same plane. Once these landmarks 
have been determined, a cross-table lateral view is used to 
determine the target foramina for needle placement.

Ch022-X2339.indd   268 1/31/2008   2:20:12 PM



 Chapter 22 SACRAL NEUROMODULATION 269

the potential course of the foramen needle. It should always be 
oriented in a cephalocaudal direction, and it should come out as 
close as possible to the tip of the hillock. Depending on the esti-
mated course of the needle, the marker may need to be moved 
up or down until appropriately positioned. After the skin is anes-
thetized and the needle is placed, another fl uoroscopic view is 
obtained to determine whether the needle must be aimed more 
cranially or more caudally in order to point toward the hillock. 
The needle is then “walked” up or down along the line of the 
foramina, which was determined on the AP view, until it drops 
into the foramen. As the aim of the needle is adjusted up or down, 
it is important to pull it out and reinsert it, rather than torquing 
or bending it (see Fig. 22-4). Once the needle enters the foramen, 
the fl uoroscope is used to gauge the depth. We start stimulating 
just anterior to the bony surface (point C in Fig. 22-4). This is 
the most consistent location of the sacral nerve ramus relative 
to the point of introduction. The foramen needle is then stimu-
lated with the screening device to check sacral root responses 
(Table 22-1).

If responses are not appropriate at this level (i.e., consistent 
with S2 or S4), the point of introduction at the skin level is re-
estimated to aim for the next hillock above or below the initial 
point of stimulation. If appropriate responses are elicited, the 
needle is advanced in increments along the relevant length of the 
permanent electrode (2 cm) to determine whether the foramen 
needle has paralleled the course of the nerve. If the response is 
lost on advancement of the needle and retesting, the needle 
should be pulled back toward the skin and reinserted through the 
foramen until a more appropriate position has been identifi ed.

Positioning the Tined Lead under Fluoroscopy
Once the course of the nerve has been fathomed using the 
foramen needle, the tined lead is deployed. A skin nick is made 
at the foramen needle insertion point, and the metal stylet is 
placed at the appropriate depth for either the 3- or 5-inch foramen 
needle. Next, the foramen needle is exchanged for a lead intro-
ducer sheath. The tip of the introducer sheath has a radiopaque 
marker, and the depth of this marker should be about 1 cm 
proximal to the anterior surface of the bone (Fig. 22-5A). Deploy-
ing the lead from this position allows it to release in the fatty 
plane surrounding the nerve, improving the chance that the lead 
will “catch the wave” and follow its course (see Fig. 22-5B). It is 
also very helpful to use the “ball-tipped” stylet, which is an acces-
sory (Medtronic Accessory Kit), because it is softer than the one 
currently packaged with the lead and is less likely to force the 
electrode out of the proper plane. The ball-tipped stylet has a 
slight curve or “hockey stick” appearance to it, and it marries to 
the lead body at its most external point, allowing the tip to be 
steered under fl uoroscopic guidance (Fig. 22-6).

When deployed properly, the lead should always point cau-
dally to a slight degree (point B in Fig. 22-6) and never cephalad 
(point A in Fig. 22-6). Additionally, it should fl ip out laterally. 
This can be achieved by pointing the hockey stick “down and 
out” as it fi rst enters the foramen. On the lateral fl uoroscopic 
view, the spaces between the lead contact points (0 to 3) should 
appear closer together between the more distal sites, indicating 
that the lead is pointing away as it separates from the anterior 
surface of the bone. On the posterior-anterior view, the most 
ideal lead position should course out fl at and laterally from the 
medial aspect of the foramen (Fig. 22-7). We always straddle the 
bone table with lead sites 3 and 2 (see Fig. 22-6). This allows for 
a consistent lead depth, prevents premature deployment of the 
tines, and provides a point of reference in the future. Once a 
satisfactory trajectory of the lead has been obtained, starting with 
the most distal contact (point 0), each site is stimulated and the 
threshold of response is measured. If each site elicits an appropri-
ate response at a relatively low threshold, the position of the 
nerve has been appropriately paralleled by the lead. If not, the 
lead should be pulled back under fl uoroscopic guidance until 
the tip is proximal to the end of the introducer sheath, and then 
reinserted under fl uoroscopic control, watching to make sure it 
takes a different course. It is then retested at each contact point. 
The goal is to get all four contact points yielding an appropriate 
response at a similar, relatively low threshold. If this cannot be 

Figure 22-4 The lateral view determines where to aim for needle 
placement. A skin marker is placed in the line of the foramina 
determined on the anterior-posterior view. The sacroiliac shadow 
(A) is usually where S2 is located, and S3 (C) is most often the fi rst 
hillock below the sacroiliac shadow. Once the target foramen has 
been identifi ed, it is possible to determine if the needle must be 
aimed more caudally (B) or more cranially.

Table 22-1 Anticipated Motor and Sensory Responses 
to Stimulation at S2, S3, and S4 Levels

Level Motor Responses Sensory Responses

S2 Bellows (inward movement of 
intergluteal fold)

Clamp (anteroposterior 
pinching of the perineum 
or coccyx)

Dorsifl exion of the foot, heel 
rotation, calf cramping

Genital

S3 Bellows
Dorsifl exion of the great toe, 

bottom of the foot

Genital, perineal, 
anal

S4 Bellows Anal
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attained after several repositionings, it may be necessary to bend 
the lead/stylet to accentuate the hockey stick shape and redeploy 
it. If this is still unsuccessful, it may be necessary to start again 
with the foramen needle to map out a different course for the 
nerve. Once the ideal position has been determined, the tines are 
deployed by uncoupling the stylet and pulling it back under fl uo-
roscopic guidance, as the position of contacts 3 and 2 are main-
tained relative to the anterior surface of the sacrum.

Setting Up the Connection between the Lead and 
Lead Extension
We typically place the connection between the lead and lead 
extension in the anticipated site for the future IPG (Fig. 22-8). 
The lateral aspect of the future IPG incision is made at this time 
(point F on Fig. 22-8). The location is usually on the right side 
(because of where the surgeon stands), and the future IPG should 
be lateral to the lateral edge of the sacrum (point A on Fig. 22-8), 
below the posterior superior iliac crest (point B on Fig. 22-8). 
These landmarks are outlined with a marking pen, as is the future 
IPG incision location (point C on Fig. 22-8). Then, the tunneling 
device is placed from the lateral aspect of this incision across the 
patient’s back to the furthest point away from the connecting 
incision that the tunneled sheath will allow (point C to point D 
on Fig. 22-8), minimizing the potential for infection. For the 
same reason, care should be taken to course the tunnel away from 
the lead insertion site over the sacrum (point D to point E on 
Fig. 22-8), so this usually means that the intended IPG incision 
is on a slant. Once the distance from the connecting incision 
to the lead extension skin exit point has been estimated, an 

A

B
Figure 22-5 (A) Once appropriate responses have been 
determined, the foramen needle is exchanged for the lead 
introducer sheath. This is placed under fl uoroscopic control so that 
the radiopaque marker remains within the bone table about 1cm 
posterior to the anterior surface of the sacrum. This allows the lead 
to be deployed in the fatty plane through which the nerve travels 
(B), and, combined with the use of the ball-tipped stylet, improves 
the chance that all four contact points will be in line with the nerve.

Figure 22-6 Potential positions for lead deployment are shown. 
Aiming the ball-tipped stylet under fl uoroscopic control allows 
repositioning if needed. Try to aim it down and out to begin with. 
Point A depicts the lead coursing cephalad, which is inappropriate, 
and may lead to S2 stimulation at the distal contact points. Position 
C is too caudal and may lead to S4 stimulation at the distal sites. 
The proximal contacts (2 and 3) may yield similar responses in all of 
the deployments. It is unlikely that all four sites would have the 
same stimulation thresholds in either position A or position C, 
because the lead is not following the course of a single nerve root. 
Position B is most ideal. Note how the contact points appear closer 
together distally, indicating that the lead is headed out laterally 
along the course of the nerve. All four sites should yield an S3-type 
response at low thresholds. The lead is deployed with contact sites 
2 and 3 straddling the bone table. (Courtesy of Medtronic, Inc.)
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anesthetic skin wheal can be made at the lateral aspect of the 
future IPG incision and at the skin exit point. A 1- to 2-cm inci-
sion is made at the connection site, taking care to make it com-
pletely through the skin into fat, preventing the lead from getting 
caught too superfi cially. The tunneler is then placed about 2 cm 
deep to the skin from the lateral aspect of the incision, toward 
the preanesthetized exit point. As long as the tunneler is kept in 
the fatty tissue beneath the skin, there is little sensation or dis-
comfort during this maneuver, and only the entry and exit points 
require local anesthesia. The sheath is left in place, and the lead 
extension can be pushed through it with fi ngers, or it can be 
escorted by reinserting the tunneler or the lead introducer stylet 
if necessary. Next, the lead is tunneled to the lower lateral aspect 
of the connecting incision. (point F on Fig. 22-8). Care must be 
taken to be sure the presacral incision is wide (usually 0.75 cm) 
and deep enough to allow the tunneler to be placed without 
harming the lead and also to make sure that the lead is in the fat 
below the skin, to prevent potential infection. We typically curve 
the tunneling device to cause the lead to sweep down and back 
up toward the lateral aspect of the connecting incision (point E 
to point F on Fig. 22-8). This maneuver “uses up” additional 
length of lead, preventing redundancy at the connection site. 
Once the lead is coupled to the lead extension, a straight clamp 
is place on the tip of the plastic sleeve that extents out over the 
extension, and the lead is escorted in the direction of its pass into 
the subcutaneous fat just medial to the edge of the incision. The 
clamp is spread slightly and pulled away as tension is maintained 
at the lead extension exit site (Fig. 22-9).

This procedure sets up the connection at the medial aspect of 
the potential IPG site (see Fig. 22-9, insert), where it can readily 
be found for the next stage. If there is any redundancy of the lead, 
it is always looped in the fatty tissue inferior to the incision and 
usually will not be encountered at the next phase unless it is to 

Figure 22-7 Posterior-anterior view of sacrum. The right-sided lead 
is taking the most appropriate course laterally. This can be achieved 
by directing the tip of the lead/stylet “down and out” as it is 
inserted through the introducer sheath. Sometimes, it is helpful to 
accentuate the curve of the “hockey stick” if initial deployments do 
not adequately track with the nerve.

Figure 22-8 The lateral edge of the sacrum (point A) and the 
posterior superior iliac crest (point B) are marked. The future site of 
the IPG incision (point C) is marked diagonally so that the 
implantable pulse generator may be placed in a plane of fat away 
from bony prominences. The course of the lead extension allows it 
to exit the skin at a safe distance from the lead (point D). The lead 
extension is tunneled using an uncurved tunneler, allowing for the 
maximum tunnel length (point C to point D). The tined lead is 
tunneled to the lateral aspect of the connecting incision using a 
curved trocar (point E to point F). This takes up some of the 
redundant lead length and also allows for the lead to be placed in a 
predictable position for future reference.

Figure 22-9 The connection hub between the lead and lead 
extension electrode is placed in the subcutaneous fat underneath 
the middle portion of the potential implantable pulse generator 
(IPG) incision (inset). This allows for its immediate location during 
the second-phase procedure. The plastic sheath protecting the lead 
extension is grasped gently with a hemostat and escorted into the 
fat in the direction in which it was placed. Once it is in position, 
the hemostat is spread and released as the lead extension is gently 
pulled into place. At the next phase, the connecting incision can be 
reopened to allow for lead removal or extended medially to allow 
for IPG placement.
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be removed. The procedure is completed by irrigating with anti-
biotic solution, achieving fi nal hemostasis, and closing the con-
necting incision with subcutaneous Vicryl. The skin of both 
incisions is closed with staples to avoid encountering the knot of 
a running subcuticular closure in the connecting incision at the 
time of IPG implantation, because it could not be sterilized. 
Patients are discharged after programming, and they return in 
1 week for staple removal and reprogramming as needed. A 
1-month trial period is used routinely. This is helpful in making 
sure that programming is optimized and for evaluating the verac-
ity of responses in terms of the target symptoms and secondary 
complaints such as pain and bowel dysfunction.

Completion Phase
We schedule a completion phase procedure 4 weeks after the 
fi rst stage. The exit site is draped out of the prepared fi eld, with 
care to leave enough slack to allow pulling of the entire 
lead extension sleeve into the connecting incision. If symptoms 
have not been suffi ciently improved, the lead is removed under 
MAC/local anesthesia by infi ltrating the connecting incision 
with 0.25% Marcaine, opening the incision, and discovering 
the connection hub at the medial margin. It is pulled into 
the incision, and the lead extension electrode is cut. It will be 
removed completely at the end of the procedure, once the 
connecting incision has been closed and dressed. The lead is then 
pulled sharply from the connecting incision, and it usually comes 
without resistance. If it is pulled slowly, it tends to elongate and 
thin out, potentially increasing the risk of lead fracture. There is 
no risk of nerve injury if the lead is deployed as discussed, because 
the tines are all outside of the foramen. Finally, the connecting 
incision is closed loosely with staples to minimize the risk of 
infection.

Implantation of the Pulse Generator
If there has been a suffi cient improvement in the target symp-
toms to justify IPG implantation, this is done at the completion 
phase. The incision in marked with a marking pen, extending 
medially from the 1.5-cm connection incision toward the lead 
exit point. An area surrounding the intended incision is marked 
to estimate the space for the IPG and lead extension assembly. 
The entire area is infi ltrated with 0.25% Marcaine, creating a skin 
wheal over the areas to be surgically dissected. The incision is 
then made, and hemostasis is carefully maintained to minimize 
the risk of hematoma formation. The connection between the 
lead and lead extension is identifi ed; the extension is cut beyond 
the plastic sleeve, and then it is clamped at the sleeve, allowing 
the housing to remain as a protection against inadvertent cautery 
of the lead during creation of the pocket. A subcutaneous pocket 
is created using cautery and blunt dissection. This should be 
2 cm beneath and parallel to the skin, just large enough to com-
fortably house the IPG and lead assembly. Once hemostasis has 
been assured, the remaining housing from the previous lead 
extension is removed from the lead and discarded. The wound is 
irrigated with antibiotic solution, and the IPG and lead extension 
are connected to the previously placed lead, taking care to keep 
the connection clean and dry and to avoid overtightening of the 
lead extension onto the lead. The device is positioned in the 
pocket with its noninsulated side (the side with writing) facing 
up, taking care to tuck the lead and extension behind the device. 
This step prevents superfi cial migration of the connection site 
and also potential lead injury if a revision surgery is ever needed. 
The incision is closed as described for the fi rst phase.

Programming
The goal of programming is to reproduce, with the permanent 
device, the same results achieved during the trial phase. This goal 
is greatly aided if the patient has had several weeks to test various 
bipolar electrode confi gurations with the external screening 
device and by the fact that the same electrode is used for the trial 
and permanent implantation phases when the staged trial is used. 
We typically do programming before discharge after outpatient 
placement of the IPG. The settings that were most successful 
during the trial phase are reproduced with the chronic device. 
Typical programming parameters for sacral neuromodulation 
include a rate of stimulation or frequency between 10 and 20 Hz 
and a pulse width between 180 and 240 μsec (Fig. 22-10). (Note: 
the manufacturer recommends a rate of 10 to 14 Hz and a pulse 
width of 180 to 210 μsec.35) The sensation of stimulation feels 
more like a thump at lower rates and like a fl utter or buzz at 
higher rates. Rates of stimulation greater than 30 Hz are thought 
to be potentially harmful to peripheral nerves; the manufacturer 
more conservatively recommends not increasing the rate beyond 
19 Hz.36 Increasing the pulse width increases the pulse duration. 
Pulse widths greater than 270 μsec are not recommended by the 
manufacturer.36 The amplitude is variable, determined by patient 
comfort, and based on the proximity of the lead to the nerve, as  
determined during lead placement. Ideally, patients should feel 
paresthesias at thresholds lower than 4 V, which allows for longer 
battery life. The patient has the ability to increase or decrease the 
amplitude using the hand-held programmer; in our experience, 
there is little risk of injury when the patient is allowed to adjust 
the programmer over the full range of amplitudes. Reprogram-
ming is needed if there is decreased effi cacy over time or if the 
patient experiences diminished or uncomfortable stimulation. 
Programming is either unipolar or bipolar (Fig. 22-11). A uni-
polar confi guration is any combination of electrodes with at least 
one negative electrode and with the case positive (case POS, 
electrode NEG). In a bipolar confi guration, the current fl ows 
between one negative electrode and one positive electrode  (e.g., 
electrode 1+, 2−, case off). A change in the active (negative) 
electrode changes the location of the stimulation pattern. For 
example, deep electrodes (3−) are typically felt more anteriorly,  
whereas shallow electrodes (0−) are typically felt more 
posteriorly.

TROUBLESHOOTING

Insuffi cient Benefi t from the First Stage of Implantation

If patients do not document suffi cient improvement from base-
line symptoms (usually at least 50% improvement in target 
symptoms), they should not go on to an IPG implantation as a 

Figure 22-10 Stimulation parameters.
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next step. We are looking for a dramatic change in symptoms to 
justify the completion phase, and if there is only modest or 
minimal change, it is best to re-evaluate. This may require that a 
repeat trial phase stimulation be performed at a later date with 
an attempt to place the electrode on the opposite side or at 
another level. In our experience, bilateral stimulation has never 
been an adequate improvement when unilateral stimulation is 
not suffi ciently successful. Because we would ordinarily consider 
a trial of SNS only in patients for whom both medical manage-
ment and biofeedback have failed, further treatment options 
would include pudendal nerve stimulation, intravesical injection 
of botulinum toxin, or possible augmentation cystoplasty.

Wound Infection

If wound infection occurs, it is necessary to remove all the 
implanted components. We are unaware of any successful reports 
of salvage procedures for these devices. If the presacral incision 
is not fl uctuant, it usually does not have to be opened to remove 
the lead, which can be pulled from the IPG site. It is helpful to 
remove the capsule that may have formed around the IPG if it 
has been in place for a suffi cient length of time. Wounds usually 
need to be left open and have to heal by secondary intention. We 
have had much quicker resolution of wound infections using 
closed-suction wound systems, and consultation with enterosto-
mal therapy for these services has been a great benefi t for our 
patients. We give a wound infection 3 or more months to resolve 
completely before considering reimplantation. This would typi-
cally be done as a single-stage implantation of both the lead and 
the device, providing there was a suffi cient benefi t from the pre-
vious implantation and the lead location can be successfully 
duplicated.

Lack of Effi cacy over Time

It is extremely important to be certain of the benefi t from the 
trial phase stimulation. This is why we do a staged implantation 
as the trial procedure and give the patient a month before we 
move on to the next phase. Also, placing the lead under conscious 
sedation reduces the chance that stimulation will be uncomfort-
able for the patient. The care taken during lead placement—
making every effort to identify the course of the nerve, and getting 
all four contact points in line with it, yielding typical responses 
at low thresholds—gives maximal fl exibility for programming 

afterward. These steps are all helpful in minimizing the need for 
a future revision. It is presumed that all combinations of unipolar 
and bipolar stimulation confi gurations have been tested. Also, it 
is helpful to check impedances using the programming device, 
because this may point to a lead fracture or another problem 
causing an open circuit (fl uid in the connection site). An AP and 
lateral radiographic study may be helpful in defi ning a lead dis-
placement or fracture, and having the fi lms available from the 
original placement is useful for comparison. It may also be helpful 
to turn the device off completely, letting the patient experience 
his or her symptoms without the benefi t of neuromodulation. 
This step often demonstrates that the symptoms are indeed con-
trolled to a great degree, although perhaps not completely. If the 
patient decides that the therapy provides insuffi cient benefi t once 
both devices have been placed, it may be necessary to do a staged 
trial at another foramen (most often S3 on the opposite side of 
the originally implanted lead) and then to compare the result of 
the implanted system to stimulation with the externalized lead 
and temporary stimulation device. If there is suffi cient improve-
ment, the new lead may be connected to the previously placed 
IPG as a second-stage completion. If SNS cannot control the 
symptoms even after revision, it may be reasonable to consider 
pudendal nerve stimulation (currently off-label) to salvage use of 
the device.

Pain at the Implantation Site

If there is pain at the IPG site, it can often be improved by pro-
gramming with bipolar settings. In rare instances, use of an anes-
thetic patch over the device or performance of a trigger point 
injection with local anesthesia provides relief. If the device is 
superfi cial or if it is over a bony prominence, it may need to be 
repositioned deeper or more lateral or inferior to the original site. 
On rare occasions, it is necessary to move the device to the oppo-
site side. If repositioning is done, the previous IPG capsule needs 
to be excised or suffi ciently scarifi ed to minimize the risk of 
seroma accumulation.

Need for Magnetic Resonance Imaging

As more patients undergo implantation and patients with neu-
rologic conditions are included as candidates for treatment with 
this option, the likelihood that an occasional patient with an IPG 
will need a magnetic resonance imaging (MRI) study increases. 
There is evidence that MRI can be used safely in some patients 
with the Medtronic InterStim device.37 These include instances 
in which the site to be studied is away from the pelvis, such as in 
the head or upper spine, and a smaller magnet (1.5 tesla) can be 
used, with an open device if possible. The implanted device must 
be turned off for the procedure, and the patient must be able to 
signal to the technician if discomfort develops during the scan. 
The patient must also be willing to sign a waiver releasing the 
radiologist from liability if there is damage to the device or other 
complications after the study.

TREATMENT RESULTS

Treatment of OAB with SNS has been shown to be highly suc-
cessful and enduring. Siegel and Catanzaro and their colleagues 
reported on patients who were observed 1.5 to 3 years after sacral 
neurostimulator implantation. At 3 years, 59% of 41 urinary 
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Figure 22-11 Lead electrode array and programming options.

Ch022-X2339.indd   273 1/31/2008   2:20:15 PM



274 Section 4 OVERACTIVE BLADDER

urge-incontinent patients showed 50% or greater improvement 
in symptoms, including a signifi cant reduction in the number of 
leakage episodes per day. Forty-six percent of patients reported 
being completely dry in their voiding diaries. At 2 years after 
implantation, 56% of the urgency-frequency patients showed at 
least a 50% reduction in the number of voids per day.21

This same cohort of patients was observed in an earlier study 
wherein patients were randomized to stimulated or nonstimu-
lated groups. All patients who demonstrated a positive response 
to test stimulation were randomly divided into a stimulation 
group (25 patients) and a control group (26 patients). The SNS 
system was implanted into the stimulation group immediately 
after positive response to test stimulation and after 6 months in 
the control group. Patients were followed up at 1, 3, and 6 
months, and then at 6-month intervals for up to 2 years after 
implantation. The number of daily voids, the volume voided per 
void, and the degree of urgency before voiding were assessed. 
Patients in the stimulation group reported statistically signifi cant 
(P < .0001) improvements in 6-month voiding diary results, 
including average number of daily voids (from 16.9 ± 9.7 to 9.3 
± 5.1), volume per void (118 ± 74 to 226 ± 124 mL), and degree 
of urgency (rank of 2.2 ± 0.6 to 1.6 ± 0.9). Patients in the control 
group showed no signifi cant changes in voiding parameters at 6 
months. The stimulation group also reported signifi cant improve-
ments on quality-of-life questionnaires and water cystometry. 
When the neurostimulators were turned off in the stimulation 
group at 6 months after implantation, urinary symptoms returned 
to baseline values, negating the impact of any potential placebo 
effect. After the stimulators were turned back on, SNS was shown 
to be effective at 12 and 24 months after implantation.37

After FDA approval of electrical neurostimulation for the 
treatment of OAB, many of these same original (pre-approval) 
study patients were enrolled into a postmarket study. Additional 

patients were also enrolled to ensure an adequate sample size. 
Both groups were monitored for 5 years after implantation to 
assess the long-term safety and effi cacy of SNS for the treatment 
of urgency and urgency-frequency.38 Successful clinical treatment 
of patients was defi ned as at least 50% improvement in voiding 
symptoms. The average age of the patients was 45 years, and 90% 
were female.

Sixty patients who had been diagnosed with urgency were 
monitored for 5 years after implantation. This group reported 
signifi cant improvement (P < .05) in average number of leaking 
episodes per day, number of heavy leakage episodes per day, 
average severity of leakages, and number of pads used per day 
(compared with baseline values) at every annual visit. By 5 years 
after implantation, the average number of leakages per day had 
decreased from 10 to 4 (P < .0001), with 60% of patients classifi ed 
as clinically successful at 5 years (Fig. 22-12). The average number 
of pads used per day dropped from 5 at baseline to 2 at 5-year 
follow-up (P < .0001), with 68% deemed clinically successful, 
having at least 50% improvement in the number of pads used 
per day.

Eighteen patients with urgency-frequency were evaluated at 
baseline and annually for 5 years after implantation. This group 
reported an improvement in number of average number of voids 
per day, from 20 at baseline to 13 at 5-year follow-up (P = .002). 
Clinical success was defi ned as at least 50% improvement in 
number of voids per day. At 4 years after implantation, there was 
a 50% clinical success rate in number of voids per day, and at 
5 years the  rate was 39% (Fig. 22-13). The average change in 
degree of urgency per day was also statistically signifi cantly 
improved (P < .05) compared with baseline at each annual visit, 
with the exception of the 1- and 5-year follow-up visits (P = .06 
and P = .10, respectively). The clinical success rates were 74% at 
3 years, 64% at 4 years, and 56% at 5 years after implantation. 
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Figure 22-12 Maintained clinical success rates (percentage reporting at least a 50% improvement compared with baseline) in urge-
incontinent patients for average number of leaks per day.
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Figure 22-13 The percentage of patients with clinical success in average number of voids per day (at least 50% improvement compared 
with baseline) is shown for urgency-frequency patients at annual intervals after implantation.
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The volume voided per void was signifi cantly improved at each 
annual follow-up visit (P = .004), with the average volume 
improving from 101 to 202 mL at 5 years after implantation (Fig. 
22-14). Clinical success for this measure (at least 50% improve-
ment) was maintained long-term after SNS implantation. Results 
were reported as 68% clinical success at 3 years, 59% at 4 years, 
and 56% at 5 years.

Safety

The long-term safety of SNS has been well characterized. In the 
same multicenter study38 42% of patients required surgical inter-
vention for a device- or therapy-related adverse event that 
occurred by the time they reached 5 years after implantation. 
The most common surgical intervention was device explant 
and replacement (lead, extension, or neurostimulator), which 
occurred in 24% of patients throughout 5 years of follow-up. If 
these data are recategorized to include all device- or therapy-
related events that did or did not include surgical intervention, 
the most frequently reported event was new pain or undesirable 
change in stimulation, occurring in 27% of all patients. Pain at 
lead or IPG implantation site related to the neurostimulator was 
the second most common reported event, occurring in 20% of 
patients. During this study, the tined lead was not used for the 
testing phase, because it was not approved for use by the FDA 
until 2002. The use of a tined lead in conjunction with the SNS 
system can signifi cantly reduce the invasiveness of the procedure 
as well as the length and depth of the incision required, making 
it possible to complete the procedure under local anesthesia. The 
patient remains alert in order to provide sensory feedback that 
may facilitate more accurate lead placement, leading to fewer 
revisions and better, more comfortable positioning of the lead.

CONCLUSIONS

SNS for intractable OAB symptoms has emerged as a standard of 
care and should be considered as an appropriate next step if 

drugs, behavioral interventions, and pelvic fl oor rehabilitation 
have provided insuffi cient relief. The exact mechanism of action 
remains unknown, but modulation of afferent nerves at several 
levels and manipulation of the guarding refl ex are key elements 
in restoring a more normal balance of refl exes among the bladder, 
sphincter, and pelvic fl oor muscles. The therapy is most appro-
priate for OAB patients who are without underlying neuro-
pathology, but it has been successful for a range of problems, 
including interstitial cystitis, idiopathic nonobstructive urinary 
retention, neurogenic voiding dysfunction, and fecal inconti-
nence. A key fi nding on preoperative assessment is evidence of 
high-tone pelvic fl oor muscle dysfunction. It is helpful to think 
of conditions of voiding dysfunction in terms of behaviors, 
instead of using organ-based labels, and to view the fi rst phase 
or application of sacral neuromodulation as a test. Urinary diaries 
are essential to objectively document the target symptoms before, 
during, and after a therapeutic trial.

We prefer to go directly to a staged lead implantation as the 
initial trial phase, because it allows a suffi cient length of time to 
evaluate the therapy for a given patient, and the results of the trial 
using the potentially permanent electrode will most closely 
predict the outcome once the chronic device has been implanted. 
Keys to successful lead implantation include performance of the 
procedure under MAC/local anesthesia, which allows the patient 
to give sensory feedback during lead placement. Care using fl uo-
roscopy and use of the ball-tipped stylet are essential to identify-
ing the level and course of the appropriate sacral nerve root. It is 
ideal to have as many contacts as possible yielding the same 
responses at low thresholds, to give the most fl exibility with 
future programming of the device. The long-term effectiveness 
of sacral neuromodulation for intractable OAB has been docu-
mented, and the therapy continues to undergo further refi ne-
ments with the hope of improved ease of use and suitability for 
a host of urologic disorders. Now that the role of neuromodula-
tory therapies for chronic voiding dysfunction is established, new 
devices and alternative stimulation targets will emerge, and they 
will need to be compared to sacral neuromodulation as the gold 
standard for this treatment modality.
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Figure 22-14 The percentage of urgency-frequency patients with clinical success (at least 50% improvement compared with baseline) in 
average volume per void peaked at 2 years after implantation with 71.4% clinical success. Clinical success was maintained at a reasonably 
acceptable level (55.6%) at 5 years after implantation.
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Chapter 23

POSTERIOR TIBIAL NERVE STIMULATION FOR 
PELVIC FLOOR DYSFUNCTION
Matthew R. Cooperberg and Marshall L. Stoller

SCOPE OF THE PROBLEM

Pelvic fl oor dysfunction (PFD) is a highly prevalent functional 
disorder, affecting both women and men, which may manifest in 
diverse clinical symptoms including urinary frequency, urgency 
with or without incontinence, and/or retention, as well as rectal 
incontinence and pelvic pain. Overactive bladder (OAB), a con-
stellation of symptoms defi ned by “urgency, with or without urge 
incontinence, usually with frequency and nocturia,”1 is one of the 
most common manifestations of PFD, and it the best-studied 
epidemiologically. OAB affects approximately 16.5% of adult 
men and women in population-based studies conducted in both 
the United States2 and Europe.3 Some 9.3% of women and 2.6% 
of men, respectively, suffer from OAB associated with urge 
incontinence.2 These fi gures translate to an estimated 33 million 
affected adults in the United States alone, a prevalence similar to 
that of other major chronic conditions such as hypertension and 
heart disease.4 The global costs of treating OAB are estimated at 
$12 to $17 billion per year, comparable to those attributed to 
pneumonia, osteoporosis, or arthritis.2,5

Pharmaceutical remedies for urinary complaints referable to 
PFD remain suboptimal due to a high incidence of side effects, 
relatively modest effi cacy, poor patient compliance, and high 
long-term costs. Surgical procedures described to date do not 
work well for most cases of PFD featuring a prominent urge 
component; moreover, surgery may not be a suitable option for 
the many PFD patients who are elderly and faced with multiple 
medical comorbidities. Many studies using various measures 
have found that urge incontinence affects patients’ health-related 
quality of life (QOL) to a greater extent than does stress inconti-
nence6-8; nevertheless, in part due to dissatisfaction with treat-
ment alternatives and/or a public perception of unsatisfactory 
treatment outcomes, OAB often goes unrecognized and under-
managed. In the United States, only 25% of OAB patients sur-
veyed (40% of those with incontinence) had seen a physician for 
management of bladder symptoms in the past year.4

Urologists have long recognized PFD as a root source of 
diverse voiding complaints, but many patients with concomitant 
constipation would seek referral for treatment of constipation 
before a defi nitive evaluation for voiding dysfunction. Gastroen-
terologists, in turn, might advise patients to have their urinary 
problems corrected before offering a defi nitive opinion and treat-
ment for constipation. Gynecologists faced with a patient with 
chronic pelvic pain and urinary or fecal continence issues may 
refer the patient for management of these problems before 
addressing the pain itself. In many cases, these apparently dispa-
rate problems are in fact interrelated manifestations of the 
common functional problem of PFD.

Recent reports have provided additional evidence for epide-
miologic associations among urinary incontinence and other 
PFD-related complaints such as incontinence of fl atus and/or 
feces and prolapse symptoms.9 PFD probably also plays a signifi -
cant role in the pathophysiology of female sexual disorders.10 In 
recent years, novel approaches for the treatment of both OAB 
and other manifestations of PFD have been the subject of growing 
interest; one of the most promising such approaches is percuta-
neous neurostimulation as a means of modulation of the sacral 
outfl ow tract to the pelvic fl oor.

PERCUTANEOUS NEUROMODULATION: 
RATIONALE AND THEORETICAL MECHANISM

Many groups over the past 20 years have focused efforts on 
stimulation of the S2 through S4 nerve roots at their origin from 
the sacral cord. Various techniques of central stimulation have 
been used successfully to treat OAB, pelvic pain, sphincteric 
incompetence, detrusor hyporefl exia, and idiopathic urinary 
retention.11 Central sacral neuromodula tion is successful for 
many patients with PFD12 and has been shown to improve urinary 
function by both urodynamic and quality-of-life parameters.13 
This modality, however, has signifi cant drawbacks. Placement of 
the stimulator is invasive: the system requires trial runs with 
percutaneous needles placed through the sacral foramina to 
access the cord for up to 1 week and ultimately requires a general 
anesthesia for permanent stimulator implantation. Among 
patients with a successful response to initial lead placement, as 
many as 20% to 51% do not enjoy similar long-term success 
with permanent implantation. Moreover, the complication rate 
varies from 22% to 43%, and up to 50% of patients receiving 
sacral neurostimulators eventually require reoperation.14 Lead 
migration is a late complication that continues to limit the long-
term effi cacy of the central approach even in contemporary 
reports.15

Various approaches to minimally invasive neuromodulation 
have been tested, including perineal muscle stimulation for stress 
urinary incontinence; perineal nerve stimulation via the dorsal 
nerve of the penis for detrusor hyperrefl exia; peripudendal per-
cutaneous neural stimulation; and direct cutaneous stimulation 
of perineal, perianal, or perivaginal skin for the management of 
urge incontinence. The proliferation of these novel approaches 
to minimally invasive neuromodulation of the pelvic fl oor under-
scores the limitations of the more invasive central stimulation 
techniques. One of the most promising new approaches for mul-
tiple PFD-related complaints involves percutaneous posterior 
tibial nerve stimulation (PTNS).
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The posterior tibial nerve is a mixed somatic/motor nerve 
containing fi bers originating from spinal roots L4 through S3. 
These roots comprise the outfl ow of the sacral nerves, which 
modulate the somatic and autonomic nervous supply to the 
pelvic fl oor, innervating the bladder and urinary sphincter. Initial 
studies of potential approaches to peripheral neuromodulation 
of the sacral cord measured skin impedance at various points 
along the S2 and S3 dermatomes and identifi ed a consistent area 
of high impedance above the medial malleolus. This area overlies 
the posterior tibial nerve and corresponds to the sanyinjiao, or 
Sp-6 (spleen-6) acupuncture point. In acupuncture practice, 
Sp-6 has been targeted for management of a variety of urinary 
complaints, as well as to stimulate labor and alleviate labor 
pain; traditional acupuncture at this point previously has been 
shown to produce transient improvements in urodynamic 
parameters.16

The precise mechanism by which neurostimulation, central or 
peripheral, exerts its infl uence on pelvic fl oor function remains 
unclear. In particular, confl icting data exist as to whether periph-
eral neurostimulation exerts a facilitative or inhibitory effect on 
urinary system neural pathways. Repetitive PTNS exerts a strong 
inhibitory effect on nociceptive spinothalamic tract neurons in 
primate studies, especially at high frequencies of stimulation, via 
activation of myelinated Aδ fi bers.17 Primate data from the Uni-
versity of California at San Francisco (UCSF) demonstrated inhi-
bition and even elimination of uninhibited bladder contractions 
during PTNS.18 In a feline model, on the other hand, S2 stimula-
tion induced excitatory bladder effects at lower amperage and 
complete bladder inhibition at higher intensities.19 Peripheral 
afferent nerve stimulation in vivo abolished inappropriate detru-
sor contractions while leaving the normal micturition refl ex 
intact. The therapeutic effect tended to increase with repetitive 
weekly treatments over 2 to 3 months.

One theory suggests that posterior PTNS results in improved 
blood fl ow to the pelvis. As yet unpublished data from UCSF, for 
example, found, among a cohort of fi ve men with complete erec-
tile dysfunction, that peripheral neurostimulation yielded an 
immediate doubling in cavernosal arterial diameter (from a mean 
of 3.8 mm to 7.5 mm) and velocity (from a mean 11 cm/sec to 
20 cm/sec).

Another mechanistic hypothesis suggests that neurostimula-
tion effects a change in the neurochemical environment along the 
sacral pathways. Chang and colleagues,20 for example, studied 
expression of FOS protein, a marker for noxious stimulation of 
cell growth, in the rat spinal micturition center (L6-S2). Among 
normal animals, 0 to 4 cells per section at L6 were FOS-positive. 
After a standardized noxious insult to the rat bladder (1% acetic 
acid), FOS expression increased to a mean of 76 cells per section. 
A single 25-minute session of percutaneous neurostimulation at 
Sp-6 administered 1 hour before acetic acid infusion reduced 
FOS expression by 73%, to a mean of 20 cells per section.20

EARLY EXPERIENCES WITH PERIPHERAL 
NEUROSTIMULATION

In 1983, McGuire and associates reported their “astonishingly 
good” results from transcutaneous tibial nerve stimulation 
(TTNS) applied via an adhesive electrode to 22 patients with a 
range of urologic diagnoses including detrusor instability, inter-
stitial cystitis, radiation cystitis, and neurogenic bladder. Eight 
of 11 patients with detrusor instability were judged “dry” after 

TTNS, as assessed by urodynamics and cystography; two patients 
with multiple sclerosis were “improved,” four of fi ve neurogenic 
bladder patients were likewise “dry” and one “improved,” and 
four of six cystitis patients experienced some degree of improve-
ment.21 These early data, although not rigorously collected or 
reported, certainly indicated the potential utility of peripheral 
neuro stimulation for bladder symptoms.

Based on experience with central neuromodulation both at 
UCSF12 and elsewhere, and in the hope of reaching a larger 
patient population, the Stoller Afferent Nerve Stimulator (SANS) 
was introduced 4 years later, offering a method for PTNS that 
would be minimally invasive and less expensive.

The application of PTNS, like that of other neuromodulatory 
strategies, requires a cooperative patient with a morphologically 
intact urinary tract, a preserved sacral spinal refl ex center, a low 
degree of peripheral denervation of the pelvic fl oor striated 
musculature, and the ability to void spontaneously or via self-
catheterization without electrical stimulus.11 Pretreatment test-
ing mirrors the standard workup for refractory OAB symptoms 
and includes urinalysis and urine culture, formal urodynamic 
profi ling, and cystoscopy to rule out foreign bodies or anato-
mic or urothelial abnormalities explaining the symptoms.

For each PTNS session, the patient sits in a frog-leg position, 
and solid 34-gauge needles are placed bilaterally, three fi nger-
breadths (6 cm) superior to the medial malleolus. The needles 
are adv anced to a depth of approximately 4 cm, angling posterior 
to the tibia and about 30 degrees cephalad. The trajectory points 
toward a potential needle exit anterior to the fi bula. A grounding 
electrode (e.g., an adhesive electrocardiogram pad) is also applied 
on each side, ipsilaterally overlying the medial calcaneus. Electri-
cal stimulation is typically administered from a battery-powered 
generator, at an amp litude just beneath the sensory threshold of 
0.5 to 10 mA, with a fi xed pulse width of 200 μsec and a fi xed 
frequency of 20 Hz. Appropriate needle localization is verifi ed 
by great toe plantar fl exion or fanning of digits 2 through 5 in 
response to an ini tial higher amplitude stimulation. If the patient 
prefers, for increased comfort after the needles are applied, he or 
she may shift to a more comfortable position (i.e., out of frog-leg 
position), taking care not to dislodge the needles.

Continued stimulation is applied for 30 minutes, only on 
the side with the more pronounced response to the test pulse. 
However, both needles are left in situ during treatment. Sessions 
are repeated weekly for at least 10 to 12 weeks. Patients complete 
voiding and pain diaries; if they experience improvement in their 
symptoms, the frequency of therapy is tapered gradually to every 
3 or 4 weeks. Some patients have been treated continuously for 
up to 10 years with sessions every 4 to 6 weeks, achieving sus-
tained symptomatic relief but consistently experiencing relapse 
of symptoms when the SANS sessions are stopped for prolonged 
periods. Patients may experience transient discomfort at the 
initial skin puncture site, but there is minimal if any pain with 
needle advancement through the deeper tissues. No patient in 
our experience has complained of pain during the stimulation 
session.

In the initial UCSF experience over several years among 98 
patients with urinary frequency, incontinence, and pelvic pain 
treated in weekly sessions for 12 weeks, diurnal frequency epi-
sodes fell from 19 to 8 per day, nocturia episodes from 5.5 to 2.5 
per night, and pain from 6.9 to 1.9 on a scale of zero to 10. 
Among the 22 patients complaining primarily of urgency and 
urge incontinence, 80% had at least a 75% reduction in inconti-
nence, and 45% were completely dry.22
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RECENT EVIDENCE

PTNS trials reported as of February 2005 are summarized in 
Table 23-1. Klingler and coworkers were the fi rst European group 
to report results, having treated 15 OAB patients (11 women) 
with 12 weekly SANS sessions. They documented follow-up at a 
mean of 11 months. All patients enjoyed a reduction in pelvic 
pain (statistically signifi cant reduction in visual analogue scale 
from a mean of 7.6 to 3.1). Mean diurnal frequency fell from 16.1 
to 4.4 episodes, and nocturnal frequency from 8.3 to 1.4 episodes. 
Seven patients (47%) were considered to have complete responses 
(≤8 voids/day, ≤2 voids/night, subjective “cure”); three (20%) 

were improved (8 to 10 voids/day, >2 voids/night, subjective 
“cure”); and fi ve (33%) failed to respond (>10 voids/day, >2 
voids/night, subjective “unchanged”). Signifi cant increases were 
seen in bladder capacity measurements; maximum fl ow rate and 
maximum detrusor pressure decreased somewhat. This study is 
the only one to date to report cost data. SANS treatment for each 
patient cost b895 (US$770), compared to b10,290 (US$8849) 
for implantation of the Medtronic InterStim device.23

Three centers in the Netherlands collectively enrolled 49 
patients (34 female, 15 male) over a 5-month period; 37 enrollees 
had OAB, and 12 had nonobstructive retention (detrusor hypo-
contractility urodynamically confi rmed). Patients were treated 

Table 23-1 Trials of Percutaneous Tibial Nerve Stimulation

First Author and 
Ref. No. Year Primary Symptoms N Criteria Key Findings

Stoller22 1998 Frequency, incontinence, 
pelvic pain

98 Decrease in frequency, 
pain

Statistically signifi cant improvement in 
diurnal and nocturnal frequency; 
80% of patients had 75% reduction 
in incontinence

Klingler23 2000 OAB 15 Urgency, voiding diary, 
urodynamics, pelvic 
pain

>50% reduction in mean pelvic pain 
score; decrease in mean diurnal and 
nocturnal frequency from 16 and 4 
episodes to 8 and 1 episodes, 
respectively

Govier29 2001 Refractory OAB 53 >25% reduction in 
diurnal/nocturnal 
voiding frequency

71% of patients met success criteria 
(P < .05)

Van Balken24 2001 OAB, nonobstructive 
retention

49 Frequency, nocturia, 
voided volumes, 
HRQOL

OAB patients: mean 17% reduction in 
frequency, 38% reduction in 
nocturia; increased voided volumes; 
improved HRQOL. Retention 
patients: modest, nonsignifi cant 
improvements in voided volumes and 
catheterization episodes

Vadoninck26 2003 OAB 90 Frequency, incontinence, 
HRQOL, urodynamics

Decrease in 24-hour frequency from 13 
to 10 and in incontinence episodes 
from 5 to 2 daily; improved bladder 
capacity but no overall improvement 
in detrusor instability

Vandoninck25 2003 Urge incontinence 35 Incontinence episodes, 
frequency, nocturia, 
HRQOL, pad use

Median incontinence episodes per day 
reduced from 5 to 1; 16 patients 
completely dry; signifi cant decreases 
in nocturia and pad use and 
improvements in HRQOL

Vandoninck27,28 2003 Nonobstructive urinary 
retention

39 Daily catheterizations, 
residual volume, 
voided volume, 
HRQOL

Decrease in mean catheterizations from 
2.5 to 2.0 and  in residual volume 
from 241 to 163 mL; improvements 
in HRQOL, especially incontinence-
specifi c QOL.

Van Balken34 2003 Chronic pelvic pain 33 Visual analogue pain 
scale, HRQOL

≥50% reduction in pain score in 21% 
of patients, 25%-50% reduction in 
18%; improved SF-36 scores 

Shafi k36 2003 Fecal incontinence 32 HRQOL questionnaire, 
rectometric parameters

Improvement in 78% of patients by 
fecal incontinence questionnaire

Congregado Ruiz45 2004 Frequency/urgency, 
urge incontinence

51 HRQOL, voiding diaries Statistically signifi cant improvements in 
frequency/urgency, HRQOL, and 
pain

HRQOL, health-related quality of life; OAB, overactive bladder; QOL, quality of life.
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with 12 weeks of SANS. The results were positive and statistically 
signifi cant24 but considerably more modest than those reported 
by Klingler and colleagues.23 Among the OAB cohort, diurnal 
frequency was reduced by an average of 2.8 episodes, to 16.5 
times per day, and nocturnal frequency was reduced by 1 to 2.6 
episodes per night. Voided volumes were also increased, and 
patients reported signifi cant improvements in both general and 
incontinence-specifi c health-related QOL. Among the patients 
with retention, mean voided volumes increased slightly, and 
number of catheterizations decreased, but these fi ndings were not 
signifi cant.24

The same group later expanded to fi ve sites in the Netherlands 
and one in Italy and has published three additional papers, focus-
ing, respectively, on urge incontinence,25 OAB,26 and nonob-
structive retention.27 A total of 164 patients were treated. 
Vandoninck and coworkers reported the largest single cohort of 
patients treated with PTNS to date, accruing 90 consecutive OAB 
patients (67 female, 23 male) to 12 weekly stimulation sessions. 
The 24-hour frequency decreased from a mean of 13 to 10 epi-
sodes, leakage episodes decreased from a mean of 5 to 2 daily, 
and mean voided volume increased from 135 to 191 mL (all sta-
tistically signifi cant results). Health-related QOL scores also 
improved signifi cantly. Among 46 patients undergoing urody-
namic profi ling both before and after PTNS, mean cystometric 
bladder capacity increased from 243 to 340 mL. The proportion 
of patients with detrusor instability (70%) did not change, but 
the volume at which instability was triggered increased from 133 
to 210 mL. Also of note, improvement in urodynamic parameters 
signifi cantly predicted treatment success in terms of subjective 
improvement.26

Thirty-fi ve patients (25 women) with documented urge 
incontinence received the same 12 weeks of PTNS and had, on 
average, more dramatic responses. The median baseline number 
of incontinence epi sodes was 5 per day. After treatment, this 
median fell to 1 episode per day, and 16 patients had no leak age 
episodes. Nocturia likewise decreased from a median of 2 to 1 
per night, and pad use declined from a median of 3.5 daily to 
none. Health-related QOL once again improved. Thirty-one 
percent of these patients decreased their 24-hour voiding fre-
quency to eight episodes or less. There was a trend toward greater 
likelihood of subjective improvement with increased stimulation 
intensity in terms of amperage.25

Finally, these authors accrued 39 patients (27 women) with 
chronic nonobstructive urinary retention to 12 weeks of PTNS. 
The mean number of catheterizations decreased from 2.5 to 2.0 
per day, and the mean catheterized (residual) volume decreased 
from 241 to 163 mL; the total voided volume increased accord-
ingly. Forty-one percent of patients had a 50% or greater reduc-
tion in catheterized volume. Seven patients reduced their 
catheterization frequency to once daily; two of these patients had 
no residual urine on frequency-volume charts, but no patient 
became consistently catheter-free. Once again, both overall and 
incontinence-specifi c health-related QOL increased signifi cantly. 
Contrary to this group’s experience with urge-incontinence 
patients, however, increased amperage in urinary retention 
patients decreased the likelihood of positive subjective success.27 
In a companion paper focusing on urodynamic fi ndings in this 
cohort, the authors reported that, on multivariate analysis, four 
pretreatment urodynamic parameters—maximal detrusor pres-
sure, maximal fl ow rate, bladder voiding effi cacy, and bladder 
contractility index—predicted subjective success on PTNS, with 
an area under the curve of 0.73.28

In the United States, only one experience with PTNS has been 
reported to date. Govier and associates reported their results 
from a prospective, multicenter trial at fi ve medical centers, 
including 53 patients (48 women, mean age 57 years) with OAB 
refractory to all standard treatments, which they treated with 
weekly bilateral SANS sessions. Eighty-nine percent of patients 
completed the 12-session study. Seventy-one percent of patients 
met the study goal of at least a 25% reduction in diurnal and/or 
nocturnal urinary frequency, with the mean reductions in diurnal, 
nocturnal, 24-hour, and excess (>10 episodes/day) frequency 
being 25%, 21%, 22%, and 70%, respectively (all P < .05). On 
standardized questionnaires administered during the study, study 
participants reported a mean 35% improvement in urge incon-
tinence episodes, a 30% improvement in pain, and a 20% 
improvement in incontinence-related QOL (all P < .05). The 
authors did not report longer-term effi cacy results. There were 
no serious adverse events. One patient each experienced moder-
ate pain at the needle site, moderate right foot pain, and stomach 
discomfort; all of these symptoms resolved spontaneously.29

None of these studies examined either survey- or urodynam-
ics-based acute effects of PTNS. One paper, however, reported on 
the acute urodynamic effects of TTNS in 44 patients with OAB. 
During stimulation, mean fi rst involuntary detrusor contraction 
occurred at 232 mL of fi lling, compared with 163 mL at baseline. 
Maximum cystometric capacity likewise increased, from 221 to 
277 mL. Only 50% of these patients had an acute positive response 
during stimulation in terms of either increased volume at fi rst 
involuntary detrusor contraction or total cystometric capacity.30

PTNS FOR NONURINARY MANIFESTATIONS OF 
PELVIC FLOOR DYSFUNCTION

To date, PTNS has been studied primarily in patients with OAB, 
urge incontinence, and detrusor hypocontractility. However, 
increasing evidence supports the use of this modality for other 
indications referable to PFD, many of which have been previ-
ously validated in studies of central stimulation. Van Balken and 
coworkers treated 33 patients (22 male) who had chronic pelvic 
pain with 12 weeks of PTNS. Twenty-one percent of these patients 
experienced at least 50% improvement in pain as assessed by the 
visual analogue scale; an additional 18% experienced improve-
ment of 25% to 50%. Among the 14 (42%) subjective responders 
(i.e., those who requested continued treatment), the mean pain 
score fell from 5.9 (range, 4.5 to 7.3) to 3.7 (range, 2.7 to 5.2). 
The authors also reported improvement in several domains of 
the Medical Outcomes Study Short Form-36 (SF-36), including 
role physical, physical functioning, pain, change of health, and 
overall score.31

Andrews and Reynard reported a single case of a patient with 
detrusor hyperrefl exia resulting from a T8 spinal cord injury 
whose bladder capacity doubled, from 150 to 165 mL at baseline 
to 310 to 320 mL with PTNS.32 Finally, Shafi k and colleagues 
applied 4 weeks of PTNS treatment using the SANS device every 
other day to 32 patients (22 women) with fecal incontinence 
refractory to standard treatments, which was caused either by 
uninhibited rectal contractions (26 patients) or by anal sphincter 
relaxation (6 patients). They reported improvement in 78%; after 
treatment, eight patients relapsed, and six of these responded to 
repeated PTNS therapy.33

Further tangential evidence for the effi cacy of PTNS in the 
management of nonurinary PFD symptoms can be found in 
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small studies of traditional acupuncture and acupressure treat-
ments at the Sp-6 site. Acupuncture at this point has been shown 
to stimulate labor and to ameliorate labor pains34; acupressure 
has been used for symptoms of acute cystitis, and it was used 
successfully to alleviate the pain of primary dysmenorrhea in the 
majority of a cohort of young women.35 For this latter indication, 
growing evidence supports the use of transcutaneous neurostim-
ulation at Sp-6 and other sites for greater effi cacy.36

CONCLUSIONS AND FUTURE DIRECTIONS

In a recent review of various techniques of neurostimulation, 
central and peripheral, for bladder dysfunction, Van Balken and 
colleagues estimated the overall intent-to-treat success of these 
modalities at 30% to 50%.37 Results achieved to date with PTNS 
should be considered in relation to anticholinergic medications, 
which constitute the “gold standard” treatment for many of the 
symptoms related to PFD.

In the largest trial to date of women with OAB, Swift and 
associates41 reported on 417 women treated with extended-release 
tolterodine. They found a 53% reduction in incontinence 
episodes, from a mean of 3.2 to 1.5 per day, and a 16% drop in 
24-hour frequency, from 10.8 to 9.0 voids. These results were 
statistically signifi cantly better than those realized among the 410 
women treated with placebo, whose incontinence episodes and 
24-hour frequency fell by 30% and 12%, respectively. The results 
of Vandoninck and colleagues, described earlier, compare favor-
ably, with a 60% reduction in incontinence episodes and a 23% 
drop in frequency.26 The increase in mean voided volume was 
likewise higher with PTNS (from 135 to 191 mL, for a 41% 
increase)26 and with tolterodine (from 141 to 179 mL, for a 
26% increase) than with placebo (from 136 to 149 mL, for a 10% 
increase).41 Although the PTNS studies were less rigorously 
designed and less powerful statistically than the larger pharma-
ceutical trials, it should be stressed that PTNS studies universally 
have been conducted among patients whose PFD symptoms are 
refractory to standard therapy, including oral anticholinergic 
medications; the results of PTNS might therefore be better still 
among unselected, treatment-naïve cohorts, who have et to be 
treated with neurostimulation in the context of a published 
study.

Side effects of treatment are an important further consider-
ation. Twenty-fi ve percent of patients taking extended-release 
tolterodine complained of dry mouth, 40% of whom had moder-
ate or severe symptoms. There was also a statistically signifi cant 
increase in abdominal pain with extended-release tolterodine 
versus placebo (4.3% vs 1.7%).38 In contrast, no major complica-
tions of PTNS have been reported in any of the studies published 
to date; indeed, even minor complications, such as persistent 
puncture site bleeding or pain, appear to be consistently rare. 
Puncture site infection has never been reported. PTNS may also 
be more cost-effective than chronic oral medication; Klinger 
reported a cost of $770 for 12 weeks of PTNS and reported sus-
tained improvement in voiding parameters at a mean of 11 
months of follow-up.23 By comparison, 11 months of tolterodine 
treatment would cost about $1030.39 Finally, if percutaneous neu-
romodulation fails, patients may still potentially benefi t from 
central sacral neuromodulation; in pursuing a trial of PTNS, no 
bridges have been burned with respect to eligibility for or poten-
tial success of central stimulation. The principal advantages of 
PTNS are summarized in Box 23-1.

An implantable device currently under development, named 
the Urgent-SQ (Cystomedix, Andover, MN), combines the ben-
efi ts of chronic, at-home therapy—currently offered only by the 
InterStim sacral stimulator—with the relatively low cost and 
minimal invasiveness of peripherally targeted neuro modulation. 
In an ongoing trial, patients with OAB, urge incontinence, and/or 
functional bladder retention who demonstrate successful 
responses to percutaneous neuromodulation will receive the 
Urgent-SQ implant, which consists of a small (<4 cm), round, 
implantable receiver incorporating an electrode placed under the 
perineurium of the posterior tibial nerve and a radiofrequency 
generator that can be worn externally on the lower leg (e.g., 
under a pant leg). The Urgent-SQ could be implanted with less 
morbidity than devices targeting the sacral cord; moreover, 
implantation in the ankle would be less emotionally challenging 
to patients than a device targeting the perineum or perirectal 
area, for example. This system would empower the patient to 
self-administer neurostimulation on an as-needed basis and to 
increase or decrease the frequency of treatment based on changes 
in his or her environment. Centrally placed neurostimulators are 
usually continuously activated, whereas PTNS has to date been 
administered intermittently. Whether continuous or intermit-
tent stimulation is more effective in the context of a peripheral 
implantable device is unknown. In either case, however, an 
implantable device would certainly be expected to reduce the 
required frequency of physician visits.

A number of caveats must be raised with respect to the litera-
ture published to date on peripheral neuromodulation. Patient 
inclusion and exclusion criteria have been variable, as have been 
the metrics used to measure responses and the parameters to 
establish success. Published studies have reported wide variations 
in degrees of success, even when they used relatively objective 
measures such as diary-assessed frequency or incontinence epi-
sodes. A need clearly exists for randomized, sham-controlled 
trials using standardized, validated health-related QOL question-
naires in addition to diaries and urodynamic studies. Although 
urodynamics offers a measure of objectivity, it may not necessar-
ily correlate with the health-related QOL outcomes most relevant 
to the patient. Sham-controlled trials could certainly be under-
taken, with the “control” group treated either with needle place-
ment but no stimulation or with needle placement and stimulation 
at a location removed somewhat from the properly targeted posi-
tion; this was done successfully in at least one trial of transcutane-
ous neurostimulation.40 Crossover designs would also be useful. 
Given the extremely good tolerability of PTNS, such trial designs 
should be ethically acceptable.

Peripheral neuromodulation is a technology still in the rela-
tively early stages of development. How much additional benefi t 
may be realized beyond 12 treatment ses sions and the ultimate 

• Effi cacy is comparable to gold-standard pharmaceutical 
treatment.

• Nerve stimulation has a minimal side effect profi le.
• The approach is cost-effective.
• PTNS does not preclude central neuromodulation or 

other treatments.

Box 23-1 Key Advantages of Percutaneous 
 Tibial Nerve Stimulation
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durability of responses are among the questions about PTNS that 
have not yet been answered defi nitively. Although most research 
in the fi eld has been reported only in the past few years, with few 
long-term data available, the results to date are exciting. Even if 
the initial response rates for PTNS are in fact lower than those 
for central neurostimulation, given the negligible risks and mor-
bidity reported with PTNS, it would seem reasonable to offer this 
modality to all eligible patients, with those who do not respond 
remaining candidates for central sacral treatment. The antici-
pated availability of a peripherally implanted device offers the 
possibility of patient-controlled, chronic peri pheral stimulation, 
which may produce even greater gains in the treatment of intract-
able PFD symptoms.

As described earlier, management of symptoms attributed to 
PFD already accounts for a large fraction of physician visits, with 
health care expenditures comparable to those of other major 
chronic ailments. Owing in large part to the aging of the popula-
tion, demand for PFD management is expected to rise by an 
additional 45% over the next 30 years.41 The high prevalence of 
undiagnosed PFD, discussed earlier, has left a large and growing 
reservoir of untreated patients, for whom the least invasive 
successful therapeutic modality would provide the best man-
agement. The ultimate standing of neuromodulation will be 
meas ured by its success in treating the diverse manifestations of 
PFD among those countless patients who need better options for 
improvement of their QOL.45
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Chapter 24

PUDENDAL NERVE STIMULATION
Richard C. Bennett and Kenneth M. Peters

Pharmacotherapy is the mainstay of treatment for voiding dys-
function, but this modality of treatment has various degrees of 
effectiveness and is often associated with undesirable side effects. 
Alternatives to pharmacotherapy include pelvic fl oor exercises, 
biofeedback, and neuromodulation. Sacral nerve stimulation has 
been approved by the U.S. Food and Drug Administration (FDA) 
since 1997 for treatment of urinary urge incontinence, urgency, 
frequency, and refractory retention.

Contemporary sacral nerve root stimulation consists of 
implantation of a tined electrode in the S3 sacral foramen, with 
subsequent connection to an implantable pulse generator (IPG; 
InterStim, Medtronic, Minneapolis, MN). Sacral root neuro-
modulation inhibits the micturition refl ex through stimulation 
of spinal tract neurons and afferent pathways.1 One limitation of 
the selection of S3 is that only one of the three afferent pathways 
inducing the inhibitory refl ex is stimulated.

Selection of the pudendal nerve as a site of stimulation pro-
vides afferent stimulation of S2, S3, and S4. Afferent pudendal 
nerve stimulation can inhibit the micturition refl ex, abolish 
uninhibited detrusor contractions, and increase bladder capacity 
in animals and humans.2-9 Vodusek and colleagues5 showed that 
detrusor contractions at low volumes of bladder fi lling were 
reduced or abolished by stimulating the dorsal penile or clitoral 
nerves transcutaneously in patients with spinal cord lesions. By 
stimulating the pudendal nerve close to the ischial spine using 
bipolar electrodes, Vodusek and coworkers5 later reported elec-
trical stimulation increased the micturition threshold and inhib-
ited detrusor activity.

ANATOMY OF THE PUDENDAL NERVE

The pudendal nerve originates from the S2, S3, and S4 sacral 
nerve roots. The main trunk of the pudendal nerve takes an 
extrapelvic course superfi cial to the coccygeus muscle. The main 
trunk passes over the ischial spine and enters Alcock’s (pudendal) 
canal. In the upper half of the pudendal canal, the pudendal nerve 
gives rise to the inferior rectal nerve. The inferior rectal nerve 
exits the pudendal canal medially and extends motor and sensory 
branches. Motor branches innervate the levator ani, and the cuta-
neous branches innervate the perianal skin and the scrotum or 
labia. The inferior rectal nerve terminates in multiple branches 
to the external anal sphincter. At the end of the pudendal canal, 
the pudendal nerve gives rise to two branches, the perineal nerve 
and the deep dorsal nerve of the clitoris or penis. The deep dorsal 
nerve continues as a terminal branch to the penis or clitoris. The 
perineal nerve divides into the scrotal or labial branch and two 
muscular branches to the bulbocavernosus and the striated ure-
thral sphincter.10,11 The optimal point of pudendal nerve stimula-
tion is at the level of the ischial spine, proximal to the branch 
points (Fig. 24-1).

DEVICES AVAILABLE FOR PUDENDAL 
NERVE STIMULATION

The pudendal nerve can be stimulated on a chronic basis 
using a tined quadripolar lead (e.g., InterStim) or an implant-
able microstimulator (Bion, Advanced Bionics, Valencia, CA). 
Neither of these applications is FDA approved for pudendal 
stimulation. The development of a tined lead for sacral nerve 
stimulation allows implantation of the lead without suture 
fi xation (Fig. 24-2). This feature makes it possible to deploy the 
lead at other sites, such as the pudendal nerve. The advantage is 
that the lead can be placed at the pudendal nerve by means of a 
posterior approach, externalized, and tested on an outpatient 
basis to assess the clinical response. If the patient demonstrates 
signifi cant improvement in their voiding symptoms, a perma-
nent IPG can be placed in a subcutaneous pocket in the upper 
buttock.

The Bion microstimulator is a miniature, self-contained, 
rechargeable, implantable neurostimulator that is designed as a 
platform technology and is intended to treat a wide variety of 
disorders through direct electrical stimulation. This device is 
approved in Europe for commercial use in pudendal nerve stim-
ulation and is in clinical trials in the United States for urinary 
urge incontinence, urgency or frequency, and chronic headache. 
The fully integrated microstimulator contains a rechargeable 
battery, a radio transmitter, an antenna for bidirectional tele-
metry, a programmable microchip, and stimulating electrode. 
The implant is 28 mm long and 3.2 mm in diameter, and it has 
a mass of only 0.7 g (Fig. 24-3).

PATIENT SELECTION

Chronic pudendal neuromodulation is not approved by the FDA 
for the treatment of voiding dysfunction. With appropriate 
informed consent, patients suffering from refractory voiding dys-
function, including urinary urgency, frequency, urge inconti-
nence, and nonobstructive urinary retention, could be candidates 
for pudendal neurostimulation. Patients who had sacral nerve 
stimulation but did not respond may benefi t from pudendal 
nerve stimulation. Other disease states that may be considered 
include interstitial cystitis and neurogenic bladder, including 
cases caused by partial spinal cord injury, multiple sclerosis, 
Parkinson’s disease, and other neurologic disorders.

A complete voiding diary is paramount in the evaluation of 
the patient considering neuromodulation. The voiding diary 
evaluates the time of voids, voided volumes, incontinent epi-
sodes, urge scores, pain scores, bowel function, and catheterized 
volumes if in retention. This baseline information allows accurate 
postoperative evaluation of patient progress. Because these 
procedures can be done only “on protocol,” appropriate Human 
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Investigation Committee approval is required, along with the 
patient’s signature on an informed consent form.

PROCEDURE

Using the InterStim Tined Quadripolar Lead

Preoperative Preparation and Patient Positioning
Administer broad-spectrum intravenous antibiotics such as 
ampicillin and gentamycin. Place the patient in the prone posi-
tion with appropriate padding and support. Provide light seda-
tion with an agent such as Versed. Perform thorough Betadine 
preparation of the lower back, buttock, and anus. Place needle or 
patch electrodes at the external anal sphincter, and connect them 
to electromyographic device (Fig. 24-4). Use fl uoroscopy to 

image the pelvis in the lateral position to identify the ischial 
tuberosity and ischial spine (Fig. 24-5).

Identifi cation of the Pudendal Nerve
Palpate the ischial tuberosity posteriorly, and anesthetize the skin 
1 cm medial to the tuberosity with 1% lidocaine. Advance a 5.5-
inch foramen needle through the skin toward the ischial spine. 
Stimulate the proximal end of the foramen needle with the stan-
dard clip-on stimulating cord (Fig. 24-6). Begin stimulation at 
1 Hz, and slowly increase the power from 1 mA to 10 mA while 

S2

S3

S4

Anterior
rami

Dorsal nerve of penis

Perineal nerves

Pudendal
canal

Pudendal nerve

Deep 

Greater sciatic notch

Inferior anal (rectal)
nerve

Superficial

Ischial spine

Posterior scrotal nerves

Figure 24-1 Pudendal nerve anatomy.

Figure 24-2 Tined quadripolar lead.

Figure 24-3 Bion microstimulator.
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examining the anal sphincter and monitoring the electromyo-
graphic tracing. The typical motor response is contraction of the 
external anal sphincter. This should be confi rmed as pudendal 
stimulation by seeing a classic compound muscle action potential 
(CMAP) consistent with pudendal stimulation (Fig. 24-7). Assess 
the patient’s sensory response. A typical response is comfortable 
pulsating in the vagina, scrotum, perineum, or rectum. The nerve 
of the obturator internus sits close to Alcock’s canal; be certain 
there is no leg rotation noted during the acute testing. If leg 
movement is seen, reposition the needle until only the pudendal 
stimulation is identifi ed.

Placement of the Quadripolar Tined Lead
After the pudendal nerve is identifi ed, advance the directional 
guidewire, and remove the foramen needle. Make a small skin 
nick alongside the wire. Advance the lead introducer over the 
directional guidewire toward the ischial spine using fl uoroscopy. 
The proximal metal trocar of the lead introducer can be stimu-
lated with the standard stimulation cord. Reconfi rm pudendal 
stimulation, advance the quadripolar lead through the lead intro-
ducer, and test each electrode in the standard fashion (Fig. 24-8). 
The ideal placement is identifi cation of pudendal stimulation 
on all four electrodes. Deploy the tines by removing the lead 
introducer.

Externalizing the Percutaneous Extension Lead
The current quadripolar lead is too short to reach the upper 
buttock where a future IPG will be placed. The lead is tunneled 

Figure 24-4 Electromyographic electrode at the external anal 
sphincter.

Figure 24-5 Lateral radiograph of the sacral and pudendal 
quadripolar leads.

Figure 24-6 Stimulation of the foramen needle near the ischial 
spine.

Figure 24-7 Compound muscle action potential, consistent with 
pudendal nerve stimulation.

Figure 24-8 A quadripolar lead is advanced through the lead 
introducer.

Ch024-X2339.indd   286 1/31/2008   2:20:58 PM



 Chapter 24 PUDENDAL NERVE STIMULATION 287

to a 1-cm, midbuttock incision and connected to the temporary 
percutaneous extension lead. This lead is tunneled out the con-
tralateral side and externalized. A redundant lead is placed in a 
subcutaneous pocket underneath the skin, and the incision is 
closed.

Stage I Test
Patients are discharged with the standard Medtronic stimulation 
box, and stimulation is set to a comfortable sensation for the 
patient. Voiding diaries are kept for 7 to 14 days, and if a 50% or 
greater improvement occurs, the lead is connected to an IPG. If 
no improvement occurs, the lead is explanted.

Implantation of the Implantable Pulse 
Generator or Removal of the Lead
If the subject does not respond to the stimulation, the midbut-
tock incision is opened, and the tined lead is removed by gentle 
traction. If an IPG is to be placed, a standard site is chosen 
on the upper buttock, and a subcutaneous pocket is created. 
A 25-cm extension lead is attached to the IPG and tunneled to 
the midbuttock incision. The tined lead is freed from this 
incision, and the percutaneous extension lead is removed. 
The distal end of the 25-cm IPG extension is connected to the 
proximal end of the tined lead in the standard fashion. The lead 
and its connector are placed in the subcutaneous pocket of the 
midbuttock.

Outcomes of Pudendal Stimulation Using 
a Tined Quadripolar Lead
A direct comparison of the effi cacy of pudendal and sacral nerve 
stimulation has been completed. This was a randomized, single-
blinded, single-center trial in which each subject had a sacral lead 
and a pudendal lead placed as part of an approved protocol. 
Subjects were randomized to begin stimulation on the sacral or 
pudendal electrode. In a blinded fashion, each lead was tested for 
7 days. Voiding diaries and questionnaires were completed. Sub-
jects rated their percent improvement on each lead and chose the 
one to be implanted to a permanent generator based on response. 
Analysis of the data demonstrated the time to place the sacral lead 
was 25.85 minutes compared with 23.71 minutes for the puden-
dal lead (P = .57). Twenty-four (80%) of 30 of subjects responded 
and had an IPG implanted, with 19 (79.2%) of 24 choosing 
pudendal stimulation and 5 (20.8%) of 24 choosing sacral stimu-
lation. The order in which the lead was stimulated had no impact 
on the fi nal lead implanted. Pudendal nerve stimulation pro-
duced signifi cantly higher rates of improvement of symptoms 
than sacral nerve stimulation: 51% versus 37%, respectively (P = 
.02). On a 7-point scale from markedly worse to markedly better, 
pudendal nerve stimulation was superior to sacral nerve stimula-
tion for pelvic pain (P = .024), urgency (P = .005), frequency 
(P = .007), and bowel function (P = .049). This preliminary study 
demonstrated that pudendal nerve stimulation is feasible, safe, 
and effective using a tined quadripolar lead.12

Pudendal Nerve Stimulation Using 
the Bion Microstimulator

The Bion neurostimulator is placed at Alcock’s canal in a mini-
mally invasive fashion through a small incision in the perineum. 
Its stimulation parameters can be adjusted using a physician 
programmer, and patients have their own remote control for 
adjustment of the level of stimulation. The battery is recharged 

by sitting on a charging pad daily for 20 to 60 minutes, and the 
battery life is 15 to 20 years.

Percutaneous Screening Test
Before implantation of a permanent Bion, a percutaneous test is 
performed in the offi ce. The patient is placed in the lithotomy 
position at a 45-degree angle, and the vagina and perineum are 
prepared and draped in the normal, sterile fashion. Surface elec-
tromyographic electrodes are placed at the anal sphincter. A 
computerized cystometrogram is performed at a fi ll rate of 
25 mL/min while measuring the volume at fi rst sensation, fi rst 
urge, maximum cystometric capacity, and fi rst unstable contrac-
tion. Next, the ischial tuberosity is palpated and marked with a 
marking pen. The ischial spine is palpated through the vagina or 
rectum (i.e., site of Alcock’s canal). The skin is anesthetized 
approximately 1.5 cm medial to the ischial tuberosity. With a 
fi nger in the vagina or rectum palpating the ischial spine, a stimu-
lating needle is advanced through the perineum toward the 
ischial spine while applying electrical stimulation (Fig. 24-9). 
CMAPs are measured. Muscle contractions are assessed by direct 
vision and palpation. A good response is contraction of the bul-
bocavernosus muscle and external anal sphincter. A poor response 
includes contraction of the obturator internus, leg adductors, or 
lower extremity muscles. The sensory response is determined, 
and a pulsating or tingling in the vaginal, vulvar, or anal regions 
is optimal. Poor responses include leg or foot twitching or pain. 
After needle placement is confi rmed, the pudendal nerve is stim-
ulated for 15 minutes at a pulse frequency of 20 Hz, pulse width 
of 200 μs, 50% duty cycle, and pulse amplitude up to 10.0 mA. 
The bladder is emptied with a catheter, and the urodynamic 
catheter is replaced. The cystometrogram is repeated while stim-
ulation continues. A 50% increase in the volume of fi rst sensa-
tion, fi rst urge, cystometric capacity, or at unstable bladder 
contraction constitutes a positive test result supporting implanta-
tion of the permanent Bion device.

Implantation of the Bion
Preoperative, broad-spectrum antibiotics are administered. The 
patient is brought to the operating room, lightly sedated, and 

Stimulating electrode

Ischial tuberosity

Ischial spine

Figure 24-9 Percutaneous screening test.
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placed in the lithotomy position. The perineal area is prepared 
and draped in the normal, sterile fashion. Surface electromyo-
graphic electrodes are placed on the outside of the anal sphincter 
and connected to an electrodiagnostic monitor. The medial 
aspect of the ischial tuberosity is marked, the skin is infi ltrated 
with 1% lidocaine approximately 1.5 cm medial to the tuberosity, 
and a 2- to 3-mm incision is made. The Bion implantation tools 
include a blunt dissector or stimulator, introducer, Bion holder, 
and placement device (Fig. 24-10). With a fi nger palpating the 
ischial spine through the vagina or rectum, the blunt dissector 
and introducer are inserted together toward the target (Fig. 
24-11). Fluoroscopy in the lateral position can help direct the 
Bion toward the ischial spine. Clinical and electrophysiologic 
responses facilitate placement as described previously. After the 
pudendal nerve is confi rmed, the blunt dissector is removed, 
leaving the introducer in place. The Bion in its holder is advanced 
through the introducer, and the placement tool is advanced 
through the Bion holder and locked in place by rotating clock-
wise until it “clicks” into place. The Bion is turned on and acti-
vated with a frequency of 20-Hz, pulse width of 200 μs, continuous 
duty cycle, and amplitude 5 to 10 mA. Sensory, motor, and elec-
trodiagnostic responses are assessed. After the location is opti-
mized, the Bion is delivered by retracting the Bion holder. 
Retraction is performed by turning the thumbscrew clockwise 
until it can be turned no further. This deposits the Bion at the 
site of stimulation. The Bion is deactivated, the introducer is 
removed, and a Steri-Strip is placed over the skin incision site.

Postoperative Follow-up
One week after implantation, the patient returns to the offi ce for 
programming of the Bion and for education regarding the system 
components. The clinician’s programmer communicates with 
the Bion and allows the stimulator to be activated and adjusted. 

Possible adjustments include frequency, pulse width, burst mode, 
and stimulation limits. The programmer monitors battery life, 
records the time the device was activated, and gives a history of 
recharging events. The patients have their own home kit consist-
ing of a remote control, base station or charger, and chair pad 
used to charge the Bion. The Bion should last 15 to 20 years and 
can be recharged even if the battery is allowed to completely 
deplete. The benefi t of the Bion is its small size and the minimally 
invasive approach to implantation. Results of clinical trials will 
determine its future in treating voiding dysfunction.

CONCLUSIONS

The use of neuromodulation has led to a major advance in our 
ability to treat patients suffering from voiding dysfunction who 
have been refractory to standard therapies. In the past, these 
patients continued to suffer from their disease or underwent 
irreversible operations such as bladder augmentation or urinary 
diversion to control their symptoms. Neuromodulation contin-
ues to be developed, and the pudendal nerve appears to be a safe 
and effective area to stimulate. Ongoing studies are assessing the 
feasibility of placing a tined quadripolar lead or the Bion micro-
stimulator at the pudendal nerve. More patients and longer-term 
follow-up are needed before this approach is considered standard 
of care.

Ischial spine

Ischial tuberosity

Bion introducer and blunt 
dissector/stimulator

Figure 24-10 Implantation tools. (Courtesy of Advanced Bionics, 
Valencia, CA)

Figure 24-11 Implantation of Bion microstimulator.
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Chapter 25

DETRUSOR MYOMECTOMY
Linda Ng and Edward J. McGuire

Bladder augmentation has been used in a spectrum of clinical 
settings in which bladder dysfunction is refractory to more con-
servative treatment. Enterocystoplasty and gastrocystoplasty offer 
a reliable improvement in bladder compliance and capacity, 
decreased rates of upper urinary tract deterioration, and improved 
quality of life for patients. However, early and late complications 
related to incorporation of bowel segments in the urinary tract 
are many, cumulative, and well known. They include bowel con-
tractions leading to incontinence, bowel obstruction, diarrhea 
syndromes, spontaneous perforation, abundant mucus produc-
tion leading to stones, chronic bacteriuria, electrolyte imbalances, 
and the hematuria and dysuria syndrome (if a gastric segment is 
used).1-3 Use of bowel segments may also place the patients at risk 
for future malignancies.4,5

Detrusor myomectomy, also known as bladder autoaugmen-
tation, is a simpler, less morbid alternative to enterocystoplasty. 
Autoaugmentation, as described by Cartwright and Snow6-8 in 
1989, involves excising a portion of the detrusor muscle, allowing 
the bladder epithelium and lamina propria to form a large-
mouthed bladder diverticulum. As the urothelium bulges 
through the muscular hiatus, bladder capacity is increased, 
intravesical storage pressures are reduced, and the volume at 
which a contraction occurs becomes larger. Because only bladder 
tissue is used in this technique, the risks associated with gastro-
intestinal segment incorporation into the urinary tract are 
obviated.

PATIENT SELECTION

In patients with bladder dysfunction, the fi rst line of treatment 
is anticholinergic medications, α-blocking agents, tricyclic anti-
depressants, and timed voiding or intermittent catheterization. 
Surgical intervention is appropriate when patients fail to respond 
clinically, develop upper tract compromise, or persistent compli-
ance abnormalities. Video urodynamics is performed preopera-
tively for all patients to evaluate bladder storage and urethral 
continence function.9 The cystometric volume at an intravesical 
pressure of 40 cm H2O is recorded. In general, enterocystoplasty 
remains the better procedure for patients with poorly compliant, 
extremely small-capacity bladders because bladder capacity is 
increased to a lesser degree after detrusor myomectomy. However, 
detrusor myomectomy offers many advantages in certain patients 
in whom bowel complications would exacerbate comorbid con-
ditions, including those who have had prior abdominal surgery, 
patients with bowel diseases, those with short gut or malabsorp-
tion syndromes, and those with prior episodes of peritonitis asso-
ciated with ventriculoperitoneal shunts. We feel that myomectomy 
should be the fi rst line of surgical therapy for idiopathic detrusor 
instability. Bladder autoaugmentation does not preclude a sub-
sequent enterocystoplasty if it is necessary.

PATIENT PREPARATION

Patients with neuropathic lower urinary tract dysfunction require 
intermittent catheterization after myomectomy. Patients with 
idiopathic, non-neurogenic bladder contractile incontinence do 
not require intermittent catheterization after myomectomy. 
Patients with a low-compliance bladder related to radiation 
therapy or chemotherapy usually require intermittent catheter-
ization after myomectomy.9,10 Selected patients are informed that 
a conventional enterocystoplasty can be performed if detrusor 
myomectomy is not a technical option intraoperatively. This 
option is discussed in detail before the operative date so that 
mechanical and antibiotic bowel preparation can be performed 
before surgery in these selected patients. Preoperative intrave-
nous antibiotics are also administered.

DETRUSOR MYOMECTOMY TECHNIQUE

The technique employed is modifi ed from the original descrip-
tion by Cartwright and Snow.6-8 A two-way urethral catheter is 
placed so that bladder fi lling and emptying can be readily con-
trolled, and a lower Pfannenstiel incision is made (Fig. 25-1). The 
rectus muscles are then separated in the midline, the prevesical 
space is entered (Fig. 25-2), and the dissection is continued until 
the bladder wall proper is cleared of adventitia (Fig. 25-3). Care 
is taken to sweep the peritoneum off the bladder dome. The 
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Figure 25-1 A two-way catheter is placed to control bladder fi lling 
and emptying. A Pfannenstiel incision is then made. (From McGuire 
E: Pubovaginal slings. In Hurt MG [ed]: Urogynecologic Surgery. 
New York, Raven Press, 1992, pp 97-105.)
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bladder is then distended, and a no. 15 blade is used to carefully 
divide the detrusor muscle until the bladder mucosa protrudes 
from the muscle. A combination of gentle traction and sharp 
dissection is used to strip the entire detrusor muscle layer cover-
ing the dome and anterior wall, denuding the underlying bladder 
mucosa (Fig. 25-4). During the procedure, changing bladder 
volumes may help to maximize exposure of the plane of dissec-
tion between detrusor and urothelium. If the dissection becomes 
diffi cult in a particular area, it is best to move on to an easier 
adjacent area. Ultimate care is taken to avoid perforation of the 
bladder mucosa because outcomes are much less satisfactory if 
this happens. As the procedure progresses, distinct bulging of the 
mucosal layer should occur. Palpation reveals a loose elastic 
mucosa surrounded by tense, rather rigid musculature. Autoaug-
mentation generally involves removing the detrusor from at least 

one third of the bladder. A urethral catheter is left to provide 
gravity drainage for 1 to 2 days.

POSTOPERATIVE MANAGEMENT

After detrusor myomectomy, the patient is left with an exposed 
area of thin mucosa that bulges from the bladder with fi lling. 
Some surgeons have advocated protection of the mucosal diver-
ticulum with a layer of peritoneum, omentum, or rectus muscle; 
however, we feel this is unnecessary. Patients who perform inter-
mittent catheterization return to their preoperative routine, 
and patients on anticholinergic agents maintain their medical 
regimen. After the diverticulum created by the myomectomy 
matures, the interval between intermittent catheterization can be 
increased. Anticholinergic therapy is tapered after follow-up uro-
dynamics reveals improved compliance. Prophylactic antibiotics 
are used only until removal of the catheter. Patients are seen for 
follow-up evaluation approximately 3 weeks after detrusor myo-
mectomy. At this time, wound checks are performed, and a thor-
ough interim history is obtained, including the status of “dryness” 
between intermittent catheterizations or the voiding history. 
Patients are not evaluated with video urodynamics until 3 months 
after surgery. An accurate assessment of myomectomy results is 
feasible at this time.11,12

CLINICAL OUTCOME OF 
DETRUSOR MYOMECTOMY

In the fi rst series of 25 pediatric patients undergoing autoaug-
mentation in 1989, Snow and Cartwright6,7 reported an overall 
good result for 52%, acceptable result for 28%, and poor result 
for 20%. In most patients, bladder compliance was improved, 
although bladder capacity changes varied. In one half of their 
patients, capacity increased by only 0% to 25%. In the other half, 
capacity increased by 5% to 150%. Fifty-eight percent of incon-
tinent patients became dry, and 63% of patients with preopera-

Figure 25-2 The prevesical space is entered after separating the 
rectus muscles in the midline. (From McGuire E: Pubovaginal slings. 
In Hurt MG [ed]: Urogynecologic Surgery. New York, Raven Press, 
1992, pp 97-105.)

Figure 25-3 The bladder wall proper is cleared of adventitia 
(arrow). (From McGuire E: Pubovaginal slings. In Hurt MG [ed]: 
Urogynecologic Surgery. New York, Raven Press, 1992, 
pp 97-105.)

Figure 25-4 The detrusor muscle layer is then stripped, revealing 
bulging mucosa (arrow). (From McGuire E: Pubovaginal slings. In 
Hurt MG [ed]: Urogynecologic Surgery. New York, Raven Press, 
1992, pp 97-105.)
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tive hydronephrosis had improvement in their upper tract 
status.

Experiences from other institutions have been reported for 
adult patient populations. Kennelly and asssociates10 described a 
series of fi ve adult patients undergoing autoaugmentation. There 
was an increase in bladder capacity of 40% to 310%, and detrusor 
compliance improved in all patients. Total continence was 
achieved in three of fi ve patients, and all were able to extend the 
interval between catheterizations. Stohrer and colleagues11 
reported their experience in 29 patients with neurogenic and 
non-neurogenic voiding dysfunction. Their results were gener-
ally positive, with increases in bladder capacity, decreased 
maximal voiding pressure, and improvements in compliance. 
Outcome was rated subjectively as excellent for 16 patients, good 
for 8, and improved for 1. In a later study of 50 patients with 
neurogenic voiding dysfunction, similar effi cacy after bladder 
autoaugmentation was described.12

Leng and coworkers9 compared operative outcomes of 37 
patients undergoing detrusor myomectomy with those of 32 
patients who had an enterocystoplasty. For comparison, the cases 
were categorized into six diagnostic subsets: intractable detrusor 
instability, interstitial cystitis with low-compliance bladder, 
myelodysplasia, radiation cystitis, neurogenic bladder dysfunc-
tion, and other. Preoperative upper tract deterioration was 
present in 14 patients. Results were stratifi ed for each of the six 
diagnostic subsets. In 10 patients with idiopathic, overactive 
bladder incontinence, 8 demonstrated urodynamic improve-
ment, 1 continued to require intermittent catheterization, and 1 
failed and went on to augmentation cystoplasty. In the myelo-
dysplasia subgroup, 5 (45%) of 11 patients who underwent 
detrusor myomectomy exhibited satisfactory urodynamic 
improvement. This suggests that enterocystoplasty may be supe-
rior in some patients with myelodysplasia. MacNeily and asso-
ciates13 reported similar fi ndings for 17 patients with 

myelomeningocele undergoing autoaugmentation. Based on 
their data, they concluded that short-term reports after autoaug-
mentation do not appear durable in this patient population. Leng 
and colleagues9 reported improved urodynamic fi ndings in three 
of nine patients with radiation cystitis who underwent myomec-
tomy as a primary procedure. The overall success rate of primary 
detrusor myomectomy was 73%, with most failures proceeding 
to enterocystoplasty. Costs for surgery and length of hospitaliza-
tion are much less for myomectomy than enterocystoplasty. A 
minor complication rate of 3% was seen in the myomectomy 
group compared with a major complication rate of 22% for 
patients treated with primary enterocystoplasties.

Further refi nement of the autoaugmentation technique may 
lead to an improvement in its success rate and a reduced length 
of operative time, length of hospitalization, and rate of complica-
tions. Several investigators have proposed laparoscopic autoaug-
mentation, but long-term follow-up is still limited.14-16

CONCLUSIONS

Since its introduction in 1989, detrusor myomectomy has gained 
increasing acceptance as a successful method of managing bladder 
dysfunction. However, patient selection remains key. In particu-
lar, patients with idiopathic detrusor instability treated with 
detrusor myomectomy had equivalent success rates. In other 
patient subsets, however, it is clear that in regard to increased 
bladder capacity, myomectomy is still inferior to conventional 
enterocystoplasty. Overall, myomectomy offers a minimally 
morbid surgical option for the high-risk surgical candidate who 
cannot tolerate the rigors of major bowel surgery or its potential 
complications. The recent trend in laparoscopic bladder aug-
mentation may lead to further success of the technique and 
improvements in outcome.
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Chapter 26

BLADDER AUGMENTATION
Linda Ng and Edward J. McGuire

Bladder augmentation has evolved since the initial report in 1899 
by Mikulicz, 1 who fi rst described the use of gastrointestinal tract 
segments for lower urinary tract reconstruction. In large part, 
this resulted from the introduction of clean intermittent cather-
ization,2 the poor long-term results associated with the ileal 
conduit,3 realization about the importance of detubularization,4 
and the importance of the role of bladder storage pressures in 
determining upper tract function.5 Augmentation cystoplasty 
with various intestinal segments has become an accepted recon-
structive option for intractable incontinence and poor bladder 
compliance in many neuropathic and non-neuropathic disor-
ders.6 Patient factors then guide individual selection of the aug-
mentation method used.

INDICATIONS

The main indications for bladder augmentation are the presence 
of upper tract deterioration caused by high detrusor pressures at 
reduced bladder capacity and incontinence resulting from idio-
pathic detrusor instability. Compromised bladder capacity may 
be seen in patients with spina bifi da, spinal cord injury, multiple 
sclerosis, or congenital conditions such as bladder exstrophy and 
its variants. Less common causes of reduced bladder capacity 
include chronic, interstitial, or radiation cystitis. Preoperative 
urodynamic studies should demonstrate a low-capacity, high-
pressure bladder that is refractory to optimal medical manage-
ment and intermittent catherization.7 When the native urethra is 
destroyed or cannot be catheterized, a continent catheterizable 
or an incontinent stoma to the augmented bladder or native 
bladder can be used. The options for bladder augmentation are 
intact gastrointestinal segments, seromuscular gastrointestinal 
segments, augmentation with tissue-engineered urothelium, 
autoaugmentation, and ureterocystoplasty. Various pros and 
cons are associated with each of these methods.

AUGMENTATION USING 
GASTROINTESTINAL SEGMENTS

Augmentation Technique

Enterocystoplasty with ileum or colon is the most commonly 
used procedure for vesical augmentation. Patients are admitted 
overnight (i.e., non-neurogenic cases) or 2 days earlier (i.e., neu-
rogenic cases) for a complete mechanical and antibiotic bowel 
preparation. Intraoperatively, the ileoplasty is fashioned from 25 
to 30 cm of ileum at least 15 cm from the ileocecal valve (Fig. 
26-1). The segment of chosen bowel on its mesentery should be 
tested to ensure that it reaches the deep pelvis easily (Fig. 26-2). 
Using a hand-sewn or stapled technique, an enteroenterostomy 
is performed. The closed ileal segment is then detubularized at 

the antimesenteric border, beginning and ending approximately 
2 cm from the closed ends (Fig. 26-3). The two adjacent borders 
of detubularized ileum forming what will be the posterior wall of 
the ileocystoplasty are then sutured with 2-0 Vicryl (Fig. 26-4). 
At this point, the bladder is distended with saline, and the overly-
ing peritoneum is stripped from the posterior and superior 
surfaces (Fig. 26-5). A transverse “smile” incision is then made 
approximately 3 cm above the ureteral orifi ces, creating an ante-
riorly based detrusor fl ap.6 The small bowel is sutured to the 
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Figure 26-1 The ileoplasty is fashioned from 25 to 30 cm of ileum 
at least 15 cm from the ileocecal valve.

Figure 26-2 The segment of chosen bowel on its mesentery should 
be tested to ensure that it reaches the deep pelvis easily.
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294 Section 4 OVERACTIVE BLADDER

bladder using a running transluminal suture in the posterior wall 
and then using a running suture of 0 Vicryl up both sides so that 
the anterior fl ap of bladder is placed between the two anterior 
walls of the reservoir (Fig. 26-6). In patients who cannot perform 
catheterization, the more distal portion of the ileal segment is left 
longer to bring it to the skin as an incontinent stoma, usually in 
the right iliac fossa. Patients in whom urethra closure is required 
need ileocecal augmentation using a reinforced ileocecal valve or 
the appendix as a continent neourethra for catheterization. Alter-
natively, if availability or mobility of the ileum is limited, left or 
right colon can be used. For ileocecocystoplasty, the right colon 
and ileum are mobilized and prepared as for an Indiana pouch. 
As fi rst described by Sinaiko in 1956,8 gastrocystoplasty is a suit-
able option for patients with cloacal exstrophy or metabolic 
acidosis from renal insuffi ciency.9 Simultaneous pubovaginal 
slings can also be performed in patients with intrinsic sphincter 
defi ciency, and urethra closure can be carried out in patients 
with urethral erosion. Overall, whether ileum, colon, or other 

segments are used, the goal is to ensure a low-pressure, high-
volume reservoir with a low incidence of postoperative 
incontinence.4,10-12

Complications of Gastrointestinal Bladder Augmentation

The type of metabolic complications that occurs after an enteric 
augmentation is directly related to the segment of bowel chosen 
and the amount of time that the urine spends in contact with the 
bowel mucosa.13-15 Because vitamin B12 is absorbed from the ter-
minal ileum and is responsible for erythrocyte formation,16 ileo-
cystoplasty can potentially lead to vitamin B12 defi ciency and 
subsequent development of pernicious anemia. The chosen 
segment of ileum therefore should be selected from an area at 
least 15 to 20 cm proximal to the ileocecal valve. The interposi-
tion of bowel in the urinary tract can also lead to acid-base 

Figure 26-3 The closed ileal segment is detubularized at the 
antimesenteric border.

Figure 26-4 The two adjacent borders of detubularized ileum 
forming what will be the posterior wall of the ileocystoplasty are 
sutured with 2-0 Vicryl.

Figure 26-5 The bladder is distended with saline, and the overlying 
peritoneum is stripped from the posterior and superior surfaces.

Figure 26-6 The small bowel is sutured to the bladder using a 
running transluminal suture in the posterior wall and a running 
suture of 0 Vicryl up both sides so that the anterior fl ap of bladder 
is placed between the two anterior walls of the reservoir.
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changes. Hyperchloremic metabolic acidosis can develop with 
the use of ileum or colon, and hypochloremic metabolic alkalosis 
can develop if stomach is used.17 Patients in chronic alkalotic 
states would therefore do better with an intestinal cystoplasty, 
and patients with chronic renal insuffi ciency or metabolic acido-
sis should be considered for gastrocystoplasty or composite grafts 
using stomach. Patients considered for gastrocystoplasty should 
be advised that up to one third of patients, especially those with 
a sensate bladder (up to 50%), may experience hematuria and 
dysuria syndrome.18-20 This has led to recommendations that this 
procedure not be performed in patients with intact perineal sen-
sation or in incontinent patients because the acidic urine may 
lead to excoriation of skin.

Studies have shown that alterations in the intestinal epithe-
lium occur in response to urine contact with bowel mucosa. This 
leads to infl ammatory infi ltration of the submucosa, producing 
progressive fi brosis, goblet cell hyperplasia and subsequent loss, 
reduction or loss of microvilli, and loss of cellular orientation of 
the bowel epithelium.21 Alterations in the enteric epithelium may 
be associated with long-term complications of bladder augmen-
tation: increased risk of stone formation, progressive loss of 
compliance, and increased risk of spontaneous perforation and 
neoplasia.21 Goblet cell hyperplasia leads to enhanced production 
of mucus. Mucus, permanent sutures, and staples have been 
identifi ed as potential nidi for stone formation, especially coupled 
with stagnant urine. Routine bladder irrigation to evacuate 
mucus and to ensure compete bladder emptying can reduce these 
risks.22 The progressive loss of compliance and the increased risk 
of spontaneous perforation have also been linked to progressive 
fi brosis of the enteric submucosa.21 The reported incidence of 
spontaneous perforation is highest (9.3%) for ileocystoplasty 
patients, followed by 4.3% for ileocecal cystoplasty, 4.2% for 
sigmoid cystoplasty, and 2.9% for gastrocystoplasty.23 Another 
infrequent complication is chronic postoperative diarrhea. The 
risk is highest for neuropathic patients in whom the ileocecal 
valve was used in the augmentation.

Several case reports of adenocarcinoma in patients with 
bladder augmentations exist.24,25 Filmer and Spencer25 reported 
tumor development in 14 patients with bladder augmentations. 
Nine of these patients had an ileocystoplasty, two had a cecocys-
toplasty, and three had a colocystoplasty.25 The malignancies 
develop at or near the enterourothelial junction. It has therefore 
suggested that augmentation patients undergo periodic endo-
scopic surveillance after 5 to 10 years.

SEROMUSCULAR ENTEROPLASTY

Seromuscular enterocystoplasty or de-epithelialized colocysto-
plasty has been proposed to decrease the complications associ-
ated with cystoplasty using intact gastrointestinal segments.26 It 
is hypothesized that removal of the functional enteric epithelium 
can resolve the risk of metabolic complications and stone forma-
tion by allowing re-epithelialization with urothelium. Mucus 
production and metabolic disturbances were virtually eliminated 
in one follow-up study on seromuscular colocystoplasty patients.27 
However, regeneration of functional mucosal epithelium or 
extensive denudation of the submucosa often led to subsequent 
fi brosis and contracture of the bladder augment.28-30 The mechan-
ical or chemical means to remove the functional enteric epithe-
lium are also fairly impractical, limiting the widespread use of 
these techniques.

AUGMENTATION WITH UROTHELIUM

Two other options offered in the search for the ideal material to 
be used for bladder augmentation include tissue-engineered uro-
thelium and autologous urothelium.21 The methods used for 
development of tissue-engineered urothelium involve harvesting 
uroepithelial cells from the neuropathic or poorly compliant 
bladder, expanding these cells in culture, and seeding them on 
an absorbable nonreactive spherical template.31-33 Concerns exist 
about whether the physiologic function of tissue-engineered 
urothelium will be affected by harvesting from hyperrefl exic or 
poorly compliant bladders. Abnormal uroepithelium character-
istics such as altered bladder permeability and elevated levels of 
reactive oxygen species have been associated with cells from neu-
ropathic bladder.34,35

Autoaugmentation or detrusor myomectomy is a simpler, less 
morbid alternative to enterocystoplasty. Autoaugmentation, as 
described by Cartwright and Snow in 1989,36,37 involves excising 
a portion of the detrusor muscle, allowing the bladder epithelium 
and lamina propria to form a large-mouthed bladder diverticu-
lum. As the urothelium bulges through the muscular hiatus, 
bladder capacity is increased, intravesical storage pressures are 
reduced, and the volume at which a contraction occurs becomes 
larger. Because only bladder tissue is used in this technique, the 
risks associated with gastrointestinal segment incorporation into 
the urinary tract are obviated. However, in certain subgroups of 
neurogenic patients with contracted, poorly compliant bladders, 
enterocystoplasty remains superior.38

URETEROCYSTOPLASTY

The concept of ureterocystoplasty was inspired by patients with 
the VURD complex: posterior urethral valves, unilateral vesico-
ureteral refl ux, and renal dysplasia of the refl uxing renal unit.21 
The refl uxing ureter or ureters provided material for bladder 
augmentation, which was lined by urothelium and free of the 
complications associated with use of gastrointestinal segments. 
Unfortunately, the long-term results of ureterocystoplasty have 
not been favorable. In a multi-institutional study, 64 patients 
who had undergone ureterocystoplasty at fi ve institutions 
were evaluated.39 Only 17 % (12 of 69) of patients had a com-
pliant and continent bladder after ureterocystoplasty; 42% (29 
of 69) of patients underwent repeat augmentation using a 
gastrointestinal segment, with reoperation pending in 26% of the 
patients.39

Current investigations are focused on native urothelial expan-
sion. Using animal models with surgically reduced bladder capac-
ity, isolated urothelial segments are expanded enough to perform 
bladder augmentation.40,41 Although promising, no long-term 
results are available.

LONG-TERM RESULTS OF 
AUGMENTATION CYSTOPLASTY

Several studies have described the long-term results and com-
plications of augmentation cystoplasty in various groups of 
patients. In a review of metabolic consequences and long-term 
complications of enterocystoplasty in children, the investigators 
show that the use of gastrointestinal segments in the urinary tract 
is not a perfect solution.42 They describe short gut syndrome, 
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vitamin B12 defi ciency, steatorrhea, bone and growth impair-
ment, infection, calculi, spontaneous perforations, and the devel-
opment of latent tumors. Although the rates and severity of these 
complications after enterocystoplasty may vary, the study authors 
state that they may have a profound impact on patients’ quality 
of life.42

Blaivas and colleagues43 published a retrospective study evalu-
ating long-term outcomes for 76 patients undergoing augmenta-
tion enterocystoplasty (with or without an abdominal stoma) or 
continent urinary diversion because of benign disease. Preopera-
tive diagnoses included neurogenic bladder in 41 patients, refrac-
tory detrusor overactivity in 9, interstitial cystitis in 7, end-stage 
bladder disease in 7, radiation cystitis in 3, exstrophy in 3, post-
operative urethral obstruction in 3, and low bladder compliance 
in 3. Sixty-nine percent of the patients considered themselves 
cured, 20% improved, and 11% failed (all 7 patients with inter-
stitial cystitis failed). Mean bladder capacity increased from 166 
to 572 mL, and mean maximal detrusor pressure decreased from 
53 to 14 cm H2O. Long-term complications included stomal ste-
nosis or incontinence in 42% (11 of 26) of patients with stomas; 
de novo bladder and renal stones in 3% and 1%, respectively; and 
recurrent bladder stones in 6%. Five patients experienced persis-
tent diarrhea, and 7% of patients had small-bowel obstruction, 
with surgical exploration required in 6%.43

In another study of long-term results and complications using 
augmentation ileocystoplasty in reconstructive urology, Flood 
and coworkers6 reviewed 122 augmentation cystoplasties per-
formed over an 8-year period. The primary urodynamic diagno-
sis was reduced compliance in 77% of the patients and detrusor 
hyperrefl exia or instability in the remainder of the patients. Pre-
operative diagnoses included spinal cord injury in 27%, myelo-
dysplasia in 22%, interstitial cystitis in 17%, idiopathic detrusor 
instability in 11%, radiation cystitis in 7%, Hinman-Allen syn-
drome in 4%, and miscellaneous causes in 9%. Sixteen patients 
had a simultaneous fascial sling for urethral incompetence. Mean 
bladder capacity increased from 108 mL (range, 15 to 500 mL) 
to 438 mL (range, 200 to 1200 mL). Marked improvement or 
stability of upper tract function was documented in 99 patients 
(96%). During the follow-up period, 16% underwent revision of 
their augmentation; 21% developed bladder stones (30% had 
recurrent stones); 13% developed urinary incontinence, with one 
half requiring further treatment; and 11% developed pyelone-
phritis. Five patients also developed small-bowel obstruction, 
and in fi ve patients, spontaneous perforation occurred. Overall, 
the investigators concluded that augmentation cystoplasty has a 
pivotal role in the treatment of a broad range of lower and upper 
tract problems, with careful patient selection and close follow-up 
being the key to successful surgery.6
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Chapter 27

PATHOPHYSIOLOGY OF 
STRESS INCONTINENCE
Christopher R. Chapple and Francesca Manassero

The lower urinary tract provides continence by storing urine at 
low pressure until it is socially convenient and appropriate to 
void. This function is mediated by the presence of an expansible, 
low-pressure organ, the bladder, and a sphincter-controlled 
outlet mechanism. The outlet mechanism prevents urinary 
incontinence during an increase abdominal pressure by means of 
the sphincter and a complex pelvic support mechanism. Under-
standing the pathophysiology of stress incontinence at an 
anatomic level can help to identify specifi c anatomic defects and 
direct individualized treatment of patients suffering from 
incontinence.

THE STRESS CONTINENCE CONTROL SYSTEM

The urethral closure pressure must be greater than the bladder 
pressure at rest and during increases in abdominal pressure to 
maintain continence. The anatomic components necessary to 
meet this goal are a well-vascularized urethral mucosa and sub-
mucosa, a well-organized and functioning intrinsic urethral 
smooth muscle, a properly functioning striated sphincter with 
intact pudendal innervation (i.e., rhabdosphincter), and a stable, 
supportive hammock of surrounding muscular and fascial tissues 
(Fig. 27-1).

Intrinsic urethral function is the product of coaptation and 
compression along the length of the urethra, from the bladder 

neck to the proximal and mid-urethra.1 A robust anatomic 
support mechanism buttresses a competent bladder neck and 
functioning urethral mechanics and facilitates appropriate 
compression and pressure transmission during increases in abdo-
minal pressure affecting the bladder outlet. These functional 
interactions are complex and remain the subject of ongoing 
research in terms of understanding mechanisms and developing 
measures of outlet function. Surgery directed at the bladder 
outlet continence mechanism at the level of bladder neck or mid-
urethra aims to counteract the loss of urethral support by creat-
ing a new zone that offers support and acts as a back plate to 
absorb the transmitted pressure and safeguard the sphincteric 
confi guration.

Urethral Sphincteric Mechanisms

The glandular secretions of the inner mucosa increase the surface 
tension, promoting its plasticity and increasing its ability to 
coapt.2 The abundant middle spongy vascular tissue of the sub-
mucosa forms a watertight seal and provides up to 30% of the 
total closure pressure3-5; this vascular cushion, like the other 
tissues of the urethra, is under the infl uence of estrogens.6-8 Estro-
genic defi ciency in postmenopausal women results in atrophy of 
this layer, reduces the hermetic seal of the urethra mucosal, and 
may contribute to the multifactorial cause of stress incontinence. 
Although there is some consensus among clinicians about the 
value of estrogen therapy for treating the symptoms of atrophic 
vaginitis in postmenopausal stress urinary incontinence, there is 
no evidence to support the use of exogenous estrogen replace-
ment therapy in treating stress incontinence.9

The role of smooth muscle in the maintenance of female 
continence is still uncertain. The U-shaped loop of the detrusor 
smooth muscle surrounds the proximal urethra and favors its 
closure by creating a constant tone. Detrusor fi bers at the bladder 
neck are longitudinally oriented, and they extend from the 
bladder neck to the subcutaneous adipose tissue that surrounds 
the urethral meatus. The inner longitudinal smooth muscle layer 
is surrounded by a circular layer that lies inside the outer layer 
of striated muscle. The smooth muscle layers are present through-
out the upper four fi fths of the urethra, and their circular disposi-
tion suggests that contraction has a role in constricting the lumen. 
The longitudinal smooth muscle does not seem to have a passive 
role during the fi lling; rather, it has been proposed that it acts by 
shortening and opening the lumen to initiate micturition.10

The striated urogenital sphincter consists of two parts, the 
rhabdosphincter and the compressor urethra and the urethro-
vaginal sphincter distally.11 The proximal one third of the urethra 
is surrounded by a sleeve of circular striated muscle that is con-
tinuous with a longer ascending cone, which extends to the 

301

Smooth muscle

Striated muscle

Mucosa

Vaginal wall supports
urethra; resists 
abdominal force

Pudendal innervation

Figure 27-1 Factors that are essential for urogenital diaphragm 
support and function  include pudendal innervation of the urethra, 
the mucosa and smooth muscle of the urethra, the striated muscle 
sphincter, and vaginal wall support. (Adapted from Abrams P, 
Cardozo L, Khoury S, Wein A: Incontinence, 2nd ed. Plymouth, 
Health Publication, 2002, p 224.)
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vaginal introitus. The rhabdosphincter is composed mainly of 
type 1 fi bers, composed of slow-twitch tissue capable of main-
taining constant tonic contractions of the urethral lumen.12 From 
manometric and electrophysiologic evaluations, this produces 
the greatest level of resting pressure and electromyography 
activity.

This part of the urethra is intrapelvic, immediately posterior 
to the pubic bone. In the past, it was suggested that when the 
urethra descended and lost this intra-abdominal position, intra-
abdominal forces could no longer constrict it during strain-
ing, resulting in stress incontinence. This concept, the pressure 
transmission theory, which was introduced by Enhorning in 
1961,13 evolved into the hammock theory of DeLancey14 (1994), 
which proposes that the vagina posteriorly offers a back plate 
against which the urethra is compressed during increases in 
intra-abdominal pressure. During a sudden increase in intra-
abdominal pressure, such as during coughing, a refl ex contrac-
tion of the pubococcygeus muscle occurs. The vaginal hammock 
is stretched and stiffened, making it easier for the urethral sphinc-
ter to close in a slitwise fashion against this fi rm back plate. The 
result and increase in intraurethral pressure, which is thought to 
be lost in patients suffering from stress incontinence, can be rec-
reated by surgical procedures that stabilize or elevate the sub-
urethral vaginal wall.15-18

If these postulates are correct, an appropriate contributory 
factor to female continence is provided by the bladder neck’s 
passive elastic tension, which is important in maintaining ure-
thral closure.19,20 In the mid-urethra at rest, closure is mostly 
maintained by the intrinsic striated muscle of the rhabdosphinc-
ter; however, the extrinsic striated muscles of pubococcygeus and 
compressor urethrae may play a signifi cant role in ensuring ure-
thral closure during increases in intra-abdominal pressure. The 
plasticity of the urethra or its ability to work as a watertight seal 
is also important in maintaining continence. Approximately one 
third of the resting urethral pressure is offered by smooth muscle 
effects, one third by striated muscle effects, and one third by the 
vascular contribution.21

Urethral Support Systems

The urethral support mechanism comprises all the structures 
extrinsic to the urethra that offer a supportive back plate on 
which the proximal urethra and mid-urethra lie (Fig. 27-2). The 
anatomic support is derived more from the fascial structures than 
from the musculature itself. The pubourethral ligament attaches 
the mid-urethra to the inferior side of the pubic symphysis and 
prevents downward movement during its rotational descent.22 It 
works in conjunction with the pubourethralis muscle, a subdivi-
sion of the levator ani muscle that forms a sling around the 
proximal urethra. Together they form the mid-urethral complex. 
It has been postulated that elongation of the posterior puboure-
thral ligaments may be a signifi cant contributory factor to the 
loss of urethral support seen in stress incontinence. Major fascial 
support to the urethra also is provided by the urethropelvic liga-
ment, which attaches the urethra to the tendinous arc.23

The vesicopelvic fascia or pubocervical fascia, extending 
between the bladder and the vagina, suspends and attaches the 
vagina and cervix to the pelvic side wall, to each arcus tendineus 
fascia pelvis, thereby offering posterior support to the bladder 
and bladder neck. It has two surfaces: the perivesical fascia on the 
vaginal side and the endopelvic fascia on the abdominal side. Its 
upper zone supports the bladder above the cervix, the middle 

zone supports the trigone, and the lower zone supports the 
bladder neck. Laxity of the fascia in each of the zones results in 
uterine prolapse, cystocele, and urethrocele, respectively.24

The two arcus tendineus fasciae pelvis are tensile structures 
located bilaterally on either side of the urethra and vagina. They 
act like the ropes of a suspension bridge and provide the neces-
sary support needed to hang the urethra on the anterior vaginal 
wall. They originate as fi brous bands from the pubic bone and 
broaden out as aponeurotic structures moving dorsally to insert 
into the ischial spine. The cardinal ligaments and the more medi-
ally placed uterosacral ligaments support the uterus and cervix; 
their relaxation results in uterine prolapse.

The pelvic fl oor musculature, represented by the levator ani 
muscles, carries the weight of the pelvic contents and prevents 
the abdominal pressure from stretching the ligamentous support 
structures. The levator ani includes the puborectalis muscle, 
which surrounds the rectum, connecting the pubic bones anteri-
orly in a U-shaped confi guration; the pubococcygeus muscle, 
which crosses from the pubis to the coccyx; and the iliococcygeus 
muscle. The iliococcygeus arises laterally from the arcus tendin-
eus levator ani and forms a horizontal sheet that spans the pos-
terior opening of the pelvis, providing a shelf on which the pelvic 
organs lie. The urethra and vagina pass through an aperture in 
the levator musculature, the urogenital hiatus. The constant 
muscle tone,25 maintained by predominantly type I (slow-twitch) 
striated muscle fi bers, compresses the vagina and urethra anteri-
orly toward the pubic bone and keeps the hiatus closed.26

The pudendal nerve provides somatic innervation to the stri-
ated muscle of levator ani and to the striated muscle within the 
external anal and urethral sphincters. The intrapelvic somatic 
fi bers travel along the anterior vaginal wall from the sacral 
segments S2 through S4 to provide a somatic nerve supply to the 
pelvic fl oor.27 Neuromuscular injuries have been proposed as an 
important factor in predisposing to pelvic fl oor dysfunction. 
Childbirth and age are considered the two major factors predis-
posing to pelvic fl oor denervation.28 Other factors include pelvic 
surgery (i.e., rectal and vaginal surgery with extensive pelvic dis-
section), radiotherapy, and congenital neurologic conditions 
such as spina bifi da and muscular dystrophy.

Support and suspension of the pelvic organs depends on a 
healthy innervated pelvic fl oor striated muscle, intact robust con-

Pubic

Urethral striated muscle

Vaginal hammock

Bone

Pubococcygeus
muscle

Figure 27-2 Principles of maintenance of continence. During a 
sudden increase in intra-abdominal pressure, such as during 
coughing, a refl ex contraction of the pubococcygeus muscle occurs. 
This stretches and stiffens the vaginal hammock, which makes it 
easier for the urethral sphincter to close in a slitwise fashion. A role 
for the pubourethral ligamentous support also has been advocated.
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nective tissue, and their attachments to the bony frame of the 
pelvis. A useful analogy is that described by Peggy Norton, who 
suggested visualizing the relationships of these factors by consid-
ering a ship lying moored in dry dock. The ligaments are repre-
sented by the mooring ropes and the pelvic fl oor musculature by 
the water on which the ship sits. If the dry dock is emptied, then 
the infl uence of the supporting water disappears, leaving all of 
the tension applied to the mooring robes, which will inevitably 
weaken and fracture (Fig. 27-3).

The levator ani contains type I fi bers that provide resting tone 
and type II (fast-twitch) fi bers that maintain the urethral closure 
under stress and prevent stretching of the pelvic ligaments. 
Berglas and Rubin showed that in the nulliparous patients, the 
lower one third of the vagina is oriented more vertically and the 
upper two thirds deviate horizontally, thereby maintaining 
the vaginal axis in an almost horizontal position.29 This confi gu-
ration is maintained by the posterior attachments of the cervix 
with the cardinal and uterosacral ligaments and by the anterior 

position of the urogenital hiatus. During stressful maneuvers, 
such as coughing or straining, the levator hiatus shortens anteri-
orly by the contraction of the pubococcygeus muscles. In the case 
if genital prolapse, when the levator ani support is lost, the vaginal 
axis becomes more vertical, the urogenital hiatus broadens, and 
fascial supports are strained.

EFFECT OF PREGNANCY AND CHILDBIRTH ON 
THE PELVIC FLOOR

An important pathophysiologic factor is the contribution of pre-
gnancy and childbirth to the development of urinary incontinence 
in women.30,31 Epidemiologic studies have reported a prevalence 
of stress incontinence ranging from 23% to 67 % during pre-
gnancy and 6% to 29% after childbirth. The fear of pelvic fl oor 
trauma has been used to justify an increase in the number of 
indiscriminate and often unnecessary cesarean deliveries.32

A

B C
Figure 27-3 In this representation of the pelvic fl oor support mechanism, water represents the pelvic fl oor musculature, the guy ropes are 
the ligaments, and the ship is the pelvic organs (A). If the pelvic muscles are weakened, undue force is applied to the ligaments (B), which 
weaken and may be damaged (C).
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Our knowledge of pathophysiologic impacts of pregnancy and 
delivery on lower urinary tract function and the development of 
urinary incontinence remain scanty and often are somewhat con-
fused.33 Future works needs to investigate the relative contribu-
tion provided by the individual components of pregnancy and 
delivery. The fi ndings could signifi cantly alter our understanding 
and treatment of stress incontinence.

It is a widely held view that stress incontinence is principally 
the consequence of delivery trauma to the pelvic fl oor. However, 
many studies have demonstrated that about 40% of nulliparous 
women experience occasional stress incontinence, which is a 
signifi cant problem in 5% of them.34,35 The problem regularly 
worsens during the fi rst pregnancy, and for the women develop-
ing stress incontinence in middle life, pregnancy rather than 
delivery seems to unmask the problem and worsen it.36 If incon-
tinence emerges for the fi rst time during pregnancy, it tends to 
resolve after the puerperium, but it may return in future preg-
nancies, progressively worsening and becoming a signifi cant 
problem often many years after the pregnancies.

The prevalence of persistent, clinically important stress incon-
tinence is signifi cantly higher with greater multiparity than in 
nulliparous women, and it can be related to the number of preg-
nancies.37 Women who develop stress incontinence during preg-
nancy are more likely to experience incontinence later in their 
life. A study by Viktrup and colleagues38 of 278 women showed 
that 30% of them had stress urinary incontinence 5 years after 
delivery. In the group without stress urinary incontinence during 
pregnancy or after delivery, the incidence 5 years after delivery 
was only 19%. In the group developing stress urinary inconti-
nence during the fi rst pregnancy or puerperium with resolution 
of symptoms within 3 months after delivery, 42% of women had 
complained of recurrent incontinence 5 years later. In the latter 
group in which the symptoms of stress urinary incontinence did 
not resolve 3 months after delivery, the symptoms were still 
present in 92% 5 years later.38

Vaginal delivery has been recognized as being potentially trau-
matic to the pelvic fl oor. The fi rst delivery may initiate injury to 
the continence mechanism as a consequence of direct damage 
to the pelvic fl oor muscles or nerves, or both, during the passage 
of the fetus. The perineal branch of the pudendal nerve courses 
in Alcock’s canal, lateral and anterior to the vagina, making it 
vulnerable to damage during childbirth.39 Additional deteriora-
tion of the urethral musculature and denervation can occur with 
aging, producing clinical disability many years after the initial 
trauma.40

The fetal head may dilate and overstretch the vaginal wall or 
avulse the cardinal and uterosacral ligaments, injuring connective 
support tissues. Moreover, the presenting part of the fetus during 
labor may constrict the pelvic structures, resulting in an ischemic 
injury. Compression of the fetal head against the subpubic 
urethra or paravaginal attachments may directly injure the 
urinary tract during labor and delivery. There are many mecha-
nisms by which vaginal delivery can increase the risk of develop-
ing stress incontinence.41

The contribution of vaginal birth to producing denervation 
has been clarifi ed by Allen’s electromyographic studies, which 
were performed before and after vaginal birth. Allen and col-
leagues42 found that most women have signs of neurologic 
damage after vaginal birth (but not after cesarean section), as 
confi rmed by an increased motor unit potential, and increasing 
amounts of damage correlated well with greater evidence of stress 
urinary incontinence.

Vaginal delivery causes partial denervation of the pelvic fl oor 
in most primiparous women, but there is electromyographic evi-
dence of reinnervation after vaginal delivery in 80% of them. The 
nerve damage is more likely in women with a long, active second 
stage of labor and heavy babies.

The impaired muscle strength in the days after vaginal deliver-
ies returns to normal within 2 months in most women. In a few 
of them, severe muscular weakness is associated with urinary and 
fecal incontinence, a prelude to future problems depending on 
permanent pelvic fl oor damage.

Multiparity, a long second stage of labor (>30 minutes), the 
use of the forceps, high birth weight (>4 kg), and a third-degree 
perineal tear are important risk factors for pudendal nerve 
damage.43 After spontaneous and instrumental deliveries, 21% 
and 34% of women complained of stress urinary incontinence 
and 5.5% and 4% reported fecal incontinence, respectively. Only 
22% of patients incontinent during pregnancy continued to 
complain about it after delivery.44

Episiotomy, one of the few surgical procedures that does not 
require the patient’s informed consent, is widely performed 
during delivery despite its doubtful usefulness. It is becoming 
increasingly accepted that an episiotomy may be more harmful 
that useful. Supporters of routine episiotomy maintain that it 
avoids uncontrolled lacerations and extended relaxation of the 
pelvic fl oor; the contrary view is that there is no evidence that 
fi rst- or second-degree perineal tears cause long-term conse-
quences and that episiotomies do not seem to protect against 
third- and fourth-degree tears, which are associated with unpleas-
ant sequelae. Midline episiotomies cause signifi cantly higher 
rates of third- and fourth-degree perineal tears than mediolateral 
episiotomies; they are not helpful in protecting the pelvic fl oor 
during delivery and can heavily prejudice anal continence.45,46 

Despite this, midline episiotomy is still widely used, probably 
because it is believed to improve healing and reduce postpartum 
pain.

Restrictive episiotomy guidelines have many potential advan-
tages, such as less suturing, more minor complications, and less 
posterior perineal trauma, but they do not result in any difference 
in pain therapy and the incidence of severe trauma, and they are 
associated with an increase risk of anterior perineal trauma.47,48 

The consequences of episiotomy are independent of maternal 
age, duration of second stage of labor, possible complications, the 
use of forceps or vacuum extraction during delivery, and baby 
birth weight.

Regional anesthesia may be used to relieve labor pain, but its 
correlation with pelvic fl oor damage remains controversial. Epi-
dural anesthesia, relaxing the pelvic fl oor, provides a greater 
control of passage of the fetal head and subsequently reduces 
perineal lacerations, but a prolonged second stage of labor can 
enhance the incidence of pudendal nerve damage. Analysis of the 
relationship between regional anesthesia and pelvic fl oor injury 
suggested that the rate of signifi cant damage was higher with 
epidural anesthesia because of the increase in episiotomies and 
instrumental deliveries.49

In many women with stress incontinence, pelvic fl oor muscle 
exercise has been effective in improving it,50 with no additional 
benefi t accruing from biofeedback.51 The theoretical basis for 
physical therapy is that facilitation and strengthening of muscles 
may improve periurethral muscular effi ciency and that training 
of pelvic fl oor muscles can improve structural support of the 
pelvic organs. Morkved and Bo,52 after a prospective, matched, 
controlled study evaluating the long-term effect of an immediate 
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postpartum pelvic fl oor training course, concluded that it is 
helpful in the prevention and treatment of urinary incontinence 
and that improvement is still present 1 year after delivery. Miller 
and coworkers, 53 after studying the characteristics of women 
“responders” compared with “nonresponders” to pelvic fl oor 
electrical stimulation, affi rmed that a minimum of 14 weeks was 
needed to see the fi rst objective improvements (i.e., at least 50% 
reduction in leakage episodes).

Pelvic fl oor exercises are not effective in all women. Patient 
motivation is essential for long-term success, but the quality of 
the pelvic fl oor muscles and their innervation are also important. 
If the muscle is normally innervated and is suffi ciently attached 
to the endopelvic fascia, by contracting her pelvic muscles before 
and during the stress, a woman is able to reduce the leakage, and 
the pelvic fl oor exercises are likely to be an effective therapy. If 
the pelvic fl oor muscle is denervated as a result of signifi cant 
neural damage, it may not be possible to rehabilitate the muscle 
adequately to make pelvic muscle exercises an effective strategy. 
If the muscle is totally disconnected from the fascial tissues, any 
possible contraction may not be effective in supporting the 
urethra or maintaining its position under strain.54,55

ROLE OF CONNECTIVE TISSUE

The bladder is a complex, distensible organ comprising of an 
inner urothelium and suburothelial layer, an important smooth 
muscle component (i.e., detrusor muscle) with neurologically 
controlled tissue, and an outer serosal layer. Connective tissue, 
composed of collagen, elastin, smooth muscle, fi broblasts, and 
blood vessels, is present in all of these layers. It has been suggested 
that collagen has the primary function of tension transfer in most 
tissues, and it is reasonable to suppose that it plays an equivalent 
role in the bladder. Types I and III collagen can be found in the 
detrusor layer, and type IV collagen is in the basement membrane 
under the urothelial layer and surrounding individual smooth 
muscle cells. Although the connective tissue is passive in that it 
does not require energy to function, it plays a unique structural 
role in providing the bladder wall tissues with resilience and 
tensile strength. These physical properties are related to the quan-
tity and types of collagen present and its arrangement. Changes 
in collagen type and content may affect bladder compliance. Col-
lagen is the main constituent of endopelvic fascia, and abnor-
malities in the quantity, type, and quality of collagen have been 
observed in women with stress incontinence and in those with 
genitourinary prolapse.56-58

Regulation of collagen synthesis depends on intrinsic 
factors within individual cell types and on extrinsic factors such 
as cytokines, growth factors, and mechanical forces. Because pro-
gressive alteration of the connective tissue of the bladder or in 
the pelvis may result in structural weakness, it is important to 
investigate and defi ne the factors that contribute to abnormal 
pathophysiology.

It was suggested by Petros and Ulmsten59 in 1990 in their 
integral theory that stress and urge incontinence may have a 
common cause, with the anatomic defects related to a primary 
abnormality of connective tissue failure. With laxity, the anterior 
vaginal can be a primary etiologic factor, and this may result in 
the activation of stretch receptors in the bladder neck and proxi-
mal urethra, which triggers an inappropriate micturition refl ex. 
These events may produce detrusor overactivity and cause the 
fi lling symptoms of the overactive bladder, including urgency, 

frequency, nocturia, and urgency incontinence. The defi cient 
anterior vaginal wall does not effi ciently transmit the closure 
pressure that would otherwise be generated by proper function-
ing of the pubourethral ligaments, the vaginal hammock, and the 
pubococcygeus muscles.

We need to identify the cells responsible for the synthesis of 
the proteins that contribute to defective connective tissue and to 
describe the mechanisms by which these cells acquire the altered 
synthetic phenotype. In some individuals, the changes in connec-
tive tissue, which can be associated with the pathogenesis of 
incontinence, may be related to age or the hormonal milieu.

With increasing age, the ratio of connective tissue to muscle 
is reduced, and although the formation of collagen cross-links 
stabilizes the collagen molecules, this also prevents remodeling 
and fl exibility. The hormonal changes during pregnancy can 
result in abnormal remodeling of collagen, which may be another 
important factor in the development of incontinence. In every 
case, the exact cellular mechanisms by which hormones, cyto-
kines, or other peptide factors infl uence the mechanical proper-
ties of connective tissue remain unclear.

Connective tissue plays an important role in the overall physi-
ologic function of the lower urinary tract and pelvic fl oor. The 
age-related weakening of connective tissues can infl uence tissue 
and organ function, and it is likely that the increased focus on 
connective tissue changes will in the future provide a better 
understanding of the pathophysiology and lead to more effective 
management of stress urinary incontinence and vaginal 
prolapse.

EFFECT OF URETHRAL POSITION AND FUNCTION 
ON STRESS URINARY INCONTINENCE

Urethral Hypermobility

The cause of urethral hypermobility (i.e., increased mobility) is 
thought to be a loss of normal extrinsic support of the urethra 
because of weakness of the endopelvic fascia and pelvic fl oor 
muscles. During stress, the bladder neck and the proximal urethra 
descend, and there is an incomplete distribution of abdominal 
pressure to the urethra (i.e., pressure-transmission defi cit). The 
bladder pressure exceeds urethral pressure, and urine leaks. Ure-
thral hypermobility can result from abnormalities of vaginal and 
pelvic anatomy. It is usually initiated by childbirth, and it is 
worsened by aging and alterations in hormone levels. Stretching, 
tearing, and avulsion of the levator muscles result in the urogeni-
tal hiatus becoming longer and wider. This change results in 
chronic anterior displacement of the pelvic organs, with loss of 
any organ support at rest and especially during straining. Stretch-
ing or tearing of the cardinal and uterosacral ligaments may result 
in anterior displacement of the uterus at rest or during straining, 
and the resultant stretching of the vaginal wall continues this 
displacement and causes the loss of the normal superior vaginal 
sulcus and vaginal folds. The consequence of these forces is a 
rotational descent of the proximal urethra away from its retro-
pubic position and the eventual development of stress urinary 
incontinence.

On lateral cystourethrograms, the main anatomic change is 
loss of the posterior urethrovaginal angle, with the urethra and 
trigone falling into the same plane.60-62 Radiographic studies 
cannot distinguish between lateral or central defects in vaginal 
wall support because they appear in the same sagittal plane. It is 
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necessary when examining the patient to determine which defect 
is present and to what extent. Because the proximal urethra rotates 
out of the focal plane of ultrasonographic probes or magnetic 
resonance imaging (MRI), coronal images of vaginal relaxation 
cannot provide adequate anatomic information during leakage.

Despite extensive data about anatomic defects, it is diffi cult to 
correlate the infl uence of these defects, the vaginal position, and 
the urethral closure mechanism. Not all women with stress 
incontinence had vaginal prolapse, and prolapse repairs do not 
always cure the stress incontinence. Conversely, women who 
redevelop stress incontinence after an apparently successful oper-
ation do not always have a recurrence of prolapse.63 Vaginal 
support is important for maintaining urinary continence, but 
intrinsic sphincter defi ciency also must be considered.

Intrinsic Sphincter Defi ciency

In 1988, Olsson and Blaivas64 suggested a new classifi cation of 
stress incontinence, in which for the fi rst time appeared the 
concept of intrinsic urethral weakness as a cause for incontinence 
without a vaginal support defect. They called this type III incon-
tinence to differentiate it from types I and II, both of which were 
associated with movement. This category is often described by 
the term intrinsic sphincter defi ciency (ISD),65 which emphasizes 
the importance of the intrinsic components of the sphincter 
acting under the infl uence of pudendal innervation and com-
prises the urethral striated and smooth muscle, mucosa, and 
submucosal layers.

When ISD was proposed as a new type of stress incontinence 
without vaginal mobility, the diagnostic trend was to evaluate the 
cause of stress incontinence as a dichotomy caused by hyper-
mobility or ISD. The typical ISD patient was described as having 
a low urethral closure pressure, a stovepipe (pipe stem) appear-
ance on cystoscopy, and an open or funneled urethra at rest or 
during minimal effort on radiographic images. Typical causes 
included ischemia after pelvic or vaginal surgery, multiple previ-
ous operations, denervation in neurogenic patients, or radiation 
damage. These examples of ISD now represent extreme forms 
and the most severe cases.

Another important aspect is urethral denervation after child-
birth and its association with urinary and fecal incontinence.66,67 
Crushing or traction injuries to the pudendal nerve during labor 
and delivery are a primary cause of sphincteric incompetence. A 
causal relationship between pudendal nerve injury and stress 
incontinence has been established in animal studies.68-70 Because 
the pudendal nerve innervates the external urethral sphincter, 
pudendal nerve injury causes denervation and dysfunction of the 
urethra, resulting in decreased urethral resistance, which is espe-
cially evident during stressful physical activities. Stress inconti-
nence is often associated with a decrease in the electrophysiologic 
function of the pudendal nerve,71 the striated urethral sphincter,72 
and the pelvic fl oor muscles.73,74

Hypermobility and Intrinsic Sphincter Defi ciency: 
From Dichotomy to Continuum

In the past few years, there has been a gradual change from a 
dichotomous classifi cation of stress incontinence as hypermobil-
ity or ISD. ISD alone is rare, and urethral hypermobility may 
occur commonly without signifi cant ISD, but usually there is a 
combination of both. This evolution in our understanding fol-
lowed development of the concept of Valsalva leak point pressure 

(VLPP), introduced by McGuire in 1995,75,76 and the analysis of 
long-term results of incontinence surgery. During studies of ure-
thral bulking with collagen, researchers documented that conti-
nence improvements were not related to changes in urethral 
closure pressure, but instead corresponded to the level of abdom-
inal pressure required to produce leakage in the absence of intrin-
sic detrusor contraction. Despite lacking a specifi c anatomic or 
theoretical basis and standardization of recording methods or a 
consensus on how to deal with an associated prolapse, a low 
VLPP (<60 cm H2O has been suggested) has been widely consid-
ered to be an indicator of ISD, although there is considerable 
variability in the literature about the extent of correlation between 
VLPP and outcome. Urethral pressure profi lometry has been 
extensively studied in this context, and a similar lack of correla-
tion with predictive value and outcome appears to exist. For 
example, a low-pressure urethra may not leak, whereas the high-
pressure urethra may, and several studies have failed to show any 
correlation between the postoperative urethral pressure profi le 
and outcome.77

Long-term results of stress incontinence surgery have revealed 
a higher failure rate for the classic procedures other than slings 
that seem to ensure the best long-term protection against incon-
tinence recurrence because they offer direct suburethral support.78 
Slings have become the operation of choice for incontinence 
caused by ISD.

Some degree of ISD may exist in many patients for whom 
hypermobility is believed to be the only cause of stress inconti-
nence.79 This understanding clarifi es the increasing use of sub-
urethral sling surgery to treat stress incontinence, whereas this 
procedure formerly was suggested principally for patients with 
recurrent stress incontinence or severe ISD.80

It is necessary to have a unifying hypothesis that can combine 
all of these observations about hypermobility, ISD, and pudendal 
denervation. The concept of a continuum of pathologic states 
offers a model for conducting research and providing treatment 
for these conditions.

ROLE OF IMAGING AND ULTRASONOGRAPHY

Radiographic studies have given a signifi cant boost to the study 
of the physiopathology of stress incontinence since the introduc-
tion of simple static and dynamic lateral cystograms. MRI and 
real-time ultrasonography, simultaneously showing what happens 
during the leakage in terms of movement of the pelvis and the 
urethra, have suggested spatial and causal relationships between 
the proximal urethra and vaginal wall movement.

Dynamic fast-scan MRI has been used to visualize all com-
partments of the female pelvis at rest and under stress.81 The 
pubococcygeal line that extends from the inferior border of the 
pubic symphysis to the last joint of the coccyx represents the level 
of the pelvic fl oor and is the reference marker.82 MRI studies are 
more qualitative than quantitative, and they give more details 
about the soft tissues than previous radiographic studies. However, 
access to dynamic MRI worldwide is confi ned to a few centers, 
and MRI remains limited in its ability to delineate precise 
details of urethral movement. At this time, ultrasonography is still 
superior for visualizing mobility of the urethra and the vagina.

Suprapubic, translabial, and transperineal sonographic ap-
proaches have been used to quantify stress incontinence. With 
the improving resolution of sonographic probes, the transperi-
neal approach has reached the same diagnostic level as the tran-
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srectal approach. In studies with a transrectal probe, funneling 
of the bladder neck is the typical sonographic sign seen during 
leakage.

The observed urethral movement and funneling are compat-
ible with the rotational descent described previously. Ultrasonog-
raphy studies provide more detail than radiographs. Increasing 
abdominal pressure forces the anterior vaginal wall out of the 
urogenital hiatus, and the urethra follows it. The anterior portion 
of the urethra can be slowed and eventually arrested in its move-
ment while the posterior portion continues to rotate out of the 
pelvis with the vaginal wall.83,84 This difference in movement 
seems to result in shearing apart of the walls of the two adjacent 
structures, resulting in apparent funneling. Suspension proce-
dures at the bladder neck or the mid-urethra may prevent this 
exaggerated posterior urethral motion. If they can be placed 
accurately in an intramural position, injection procedures, which 
depend on urethral coaptation, should have a higher success rate 
in a patient in whom the shear force associated with anatomic 
motion is limited.85

These anatomic observations, combined with progressive 
awareness about the role of pudendal innervation in continent 
and incontinent patients, help to defi ne the relationship between 
urethral closure and vaginal movement. When intra-abdominal 
pressure increases, the proximal urethra is subjected to two types 
of forces that combine to open it. The fi rst is a shearing force 
produced by the asymmetric descent of the anterior and posterior 
urethral walls below the pubis under stress and the effect of 
vaginal mobility on urethral closure, which is opposed by coun-
terforces of vaginal support. The second is an expulsive force, 
which is mediated by the transmission of intra-abdominal forces 
to the bladder and countered by the intrinsic urethral muscula-
ture, which depends primarily on intrinsic closure pressure pro-
duced by the pudendally innervated rhabdosphincter combined 
with vaginal support. If these shear and expulsive forces occur 
simultaneously as intra-abdominal pressure increases and there 
is a defect in either component, the urethra will reach a point 
beyond which urethral closure and continence cannot be 
sustained.

CONCLUSIONS

Two factors govern the predisposition to develop stress urinary 
incontinence and prolapse. First, after the evolutionary changes 
in pelvic fl oor anatomy resulting from the changes to orthograde 

posture, the pelvic fl oor had to adapt from its mainly muscular 
utility (i.e., moving the tail) in four-legged animals to a support-
ive function in humans. This transition generated a decrease in 
muscle mass and an increase in connective tissue. Second, the 
human reproductive process consists of a relatively large fetus 
with a large bony cranium that must pass through the pelvic fl oor 
during the processes of labor and delivery.

The complex causes of stress urinary incontinence and 
pelvic organ prolapse and the long period over which these 
problems and their complications develop strongly support the 
need for prospective studies of the natural history of these 
processes in the future. An integrated approach to anatomy, 
radiology, and physiology is essential to a better understanding 
of the pathophysiology.

The current classifi cation of stress incontinence attempts to 
incorporate the spectrum of hypermobility and urethral dysfunc-
tion. Satisfactory urethral continence depends on many factors 
(e.g., resting tone, active contraction, external compression, pres-
sure transmission, integrity of confi guration), and the focal point 
appears to be the mid-urethra. Many patients with stress incon-
tinence have some degree of urethral hypermobility and ISD. 
Some of these patients have primary sphincteric problems, 
whereas others have an adequately functioning sphincter but 
signifi cant hypermobility, and the diagnosis for most patients lies 
between these two extremes.

Repeated episodes of vaginal traction can stretch, tear, or 
weaken urethral muscles and contribute to a chronically weak-
ened urethra characterized by a low VLPP or low urethral closure 
pressures, which is suggested to be typical of ISD. However, 
there is no adequate classifi cation of ISD because most of the 
measures have limited sensitivity by virtue of their inability 
to separate the different components of urethral function. 
Electrophysiologic studies, MRI and, sonography can be used to 
quantify the morphologic and functional decline in striated 
sphincter tone, but analysis of the precise etiologic factors is dif-
fi cult because the pathophysiologic dysfunction develops over 
many years. Successful operations can restore urethral position 
but probably do not reverse urethral function, and there are still 
many questions about whether this is ever possible. In the future, 
prospective studies taking account of nature and nurture may 
allow identifi cation of patients who are genetically predetermined 
to develop these conditions. This information can facilitate 
the investigation of early, timely interventions to prevent 
further deterioration of support tissues and urethral closure 
mechanisms.
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Chapter 28

PELVIC FLOOR REHABILITATION IN 
THE MANAGEMENT OF URINARY 
STRESS INCONTINENCE
Alain P. Bourcier

Stress urinary incontinence (SUI) is the complaint of involuntary 
leakage on effort, exertion, sneezing, or coughing.1 It results from 
specifi c damage to the muscles, fascial structures, and nerves of 
the pelvic fl oor.2 Commonly accepted etiologic factors include 
perinatal damage, pregnancy, hereditary predisposition, strenu-
ous physical activity, chronic cough, obesity, and aging.3,4 Many 
women have diffi culty participating in physical exercises and 
social activities because of urinary leakage. SUI is not a condition 
that improves over time without treatment,5,6 and it is remarkable 
that so few women seek professional care or advice for their 
symptoms.

The pelvic fl oor has an important function in relation to lower 
urinary tract function. The levator ani complex provides ana-
tomic support to the bladder outlet. Parts of the levator collec-
tively play an important role in maintaining the position of the 
pelvic viscera. Contraction of the attachments of the levator ani 
to the vagina and external sphincter is responsible for the anterior 
movement of these viscera toward to the pubis symphysis.7,8 Ure-
thral support is an important factor in SUI in women, because 
support in symptomatic women may be inadequate. According 
to De Lancey and Delmas,8 the connections of the vagina and 
urethra to the levator ani muscles and arcus tendineus fasciae 
pelvis determine the structural stability of the urethra. If the con-
nective tissue fails, the urethral supports cannot stay in their 
normal alignment, and SUI often occurs. Conversely, if the 
muscles are damaged, their action in supporting the urethra may 
be lost. Genuine SUI is defi ned as an involuntary loss of urine 
caused by an increase in intra-abdominal pressure that over-
comes the resistance of the bladder outlet in the absence of a true 
bladder contraction. The decrease in bladder outlet or urethral 
resistance may result from poor anatomic support of the bladder 
neck (i.e., urethral hypermobility), loss of urethral function (i.e., 
intrinsic sphincter defi ciency), or low urethral closure pressure, 
alone or in combination with other factors.9 The anatomic 
support of the bladder outlet, which is critical to maintaining 
continence, is provided by constant levator tone in normal 
females.10,11

Physiotherapy for SUI is a widely accepted mode of conserva-
tive treatment that involves pelvic fl oor muscle exercises (PFMEs), 
with or without biofeedback, electrical stimulation, and weighted 
vaginal cones and balls. The purpose of pelvic fl oor re-education 
is to increase the strength and functional activity of the pelvic 
fl oor muscles, which may reduce the problem of SUI.12 Because 
conservative therapy seems to have no side effects, it should be 
the fi rst choice for treating SUI.13

PELVIC FLOOR MUSCLE EXERCISES

The main function of the pelvic fl oor muscles is to provide pos-
tural support to the pelvic organs. Consequently, type I (slow-
twitch) fi bers are predominant. In healthy muscle, these fi bers 
have high endurance and low contraction speed, and they are 
resistant to fatigue. However, to respond to sudden changes in 
intra-abdominal pressure, the pelvic fl oor muscles also contain 
type II (fast-twitch) fi bers that contract strongly and quickly to 
provide short bursts of activity.

According to Gilpin and associates,10 within the pelvic fl oor, 
the distribution of fi ber types is approximately 70% slow-twitch 
fi bers and 30% fast-twitch fi bers. These investigators also 
described a decrease in type II fi bers in the periurethral and 
perianal area in women with symptoms of genitourinary prolapse 
or urinary stress incontinence. This fi nding suggests that changes 
in pelvic fl oor muscle function are associated with prolapse and 
incontinence.

During periods of increased intra-abdominal pressure, the 
pelvic fl oor muscles are believed to act as a type of platform or 
hammock, as described by DeLancey.14 The hammock of muscles 
under the urethra allows the increased intra-abdominal pressure 
to compress the urethra against this resistance, preventing urine 
leakage. Recognizing the role of the endopelvic fascia, Petros 
and Ulmsten15 proposed the integral hypothesis based on the view 
that the pelvic fl oor is a single functional unit. If a part of the 
structure (e.g., the pubourethral ligament) is weakened, the 
hammock loses some of its original function and cannot perform 
effi ciently. The integral theory also suggests that obstruction of 
the urethra is caused by sphincter activity and compression of the 
urethra as a result of contraction of the pelvic fl oor muscles.

Dougherty16 postulated that the effects of pelvic fl oor muscle 
training (PFMT) on the symptoms of stress incontinence are the 
result of muscle hypertrophy. Muscle hypertrophy accounts for 
most gains achieved by skeletal muscle; however, Dougherty also 
suggests that neuromuscular coordination is at least as important 
as hypertrophy for the successful treatment of stress inconti-
nence. In 1998, Miller and colleagues17 described a study of older 
women (mean age, 68 years) who had symptoms of mild to 
moderate stress incontinence. The intervention group was taught 
the technique of intentionally contracting the pelvic fl oor muscles 
before and during a cough, a method called the knack. Within a 
week, the results showed a signifi cant reduction in urine loss 
when the women used the knack compared with coughing 
without precontraction of the pelvic fl oor.

310
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PFME therapy has proved effective for all three forms of 
incontinence,18 and PFMEs are recommended as the fi rst choice 
of treatment for women with these types of urinary incontinence 
after remediable conditions have been excluded. In prior studies, 
up to 70% of patients were cured or improved after therapy,13 
but success rates declined during follow-up as adherence to the 
program deteriorated.19-21 An intervention aimed at promoting 
long-term adherence to PFME therapy seems warranted. Various 
investigators have pointed out that patient education in physio-
therapy, especially the part of encouraging adherence behavior, 
lacks a systematic behavioral approach.22 A literature search 
was conducted to evaluate approaches designed to improve 
adherence to PFME therapy. In four studies, the PFME program 
included adherence-promoting strategies: audiocassette tapes 
to guide exercising at home, telephone calls as reminders, and 
follow-up visits to provide feedback and reinforcement. One 
study found that after 6 weeks of training at home, adherence 
was signifi cantly better in the group that had used an exercise 
tape, compared with the group without the23 tape. Surprisingly, 
in the other three studies, adherence behavior itself was not mea-
sured24 or not related to the adherence-promoting strategies,25 
and the effi cacy of these strategies therefore remains unclear.

PFME therapy for stress incontinence focused on the integra-
tion of the automatic and subconscious use of the pelvic fl oor 
muscles during the daily posture and movement pattern and on 
the integration of PFMEs in daily life. For urge and mixed incon-
tinence, the therapy focused fi rst on bladder training in which a 
normal voiding frequency of approximately seven voidings per 
day is trained. Second, the therapy included the same program 
as for stress incontinence with the addition of learning to prevent 
leakage when feeling an urge by contracting the pelvic fl oor 
muscles. The therapy included teaching the woman about the 
anatomy and function of the bladder, the pelvic fl oor muscles, 
the continence mechanism, toilet behavior, and the importance 
of adherence to the advice.

Adherence to PFME therapy was operationalized according to 
the following behavioral advice:

1. Perform PFMEs regularly. Do 10 slow-twitch contractions 
(10 to 30 seconds) and 10 fast-twitch contractions (2 to 3 
seconds), fi ve times each day, with each contraction fol-
lowed by relaxation. Increase repetitions in each session 
to the point of fatigue, and incorporate different starting 
positions and functional activities into the exercise 
program. Check contractions with self-palpation.

2. Perform correct toileting and drinking behavior. Sit straight 
on the toilet and relax the pelvic fl oor muscles during 
voiding. Drink 1500 to 2000 mL of water each day. Women 
with deviant voiding frequency should train the bladder by 
timing their voidings during the day until a normal fre-
quency of seven voidings per day is reached.

3. Use the knack technique to prevent incontinent wet epi-
sodes by contracting the pelvic fl oor muscles when feeling 
a sudden urge to void or when coughing, sneezing, or 
laughing.

4. Automatically and subconsciously use the pelvic fl oor 
muscles, especially during moments of abdominal pres-
sure, in the daily posture and movement pattern to prevent 
leakage.

Most women seem to have learned to adapt their adherence 
behavior to their symptoms. A similar adaptation pattern was 
found in the study of Burns and colleagues,24 who argued that 

women with mild symptoms may not perceive their incontinence 
as a problem warranting sustained effort, whereas women with 
many daily losses recognize it as an ongoing problem and make 
a persistent effort as a positive response occurs. This structure, 
coupled with an enthusiastic physiotherapist, seems most impor-
tant for realizing long-term effects and optimal adherence behav-
ior of organized training.

PELVIC FLOOR MUSCLE TRAINING PROGRAMS

Kegel26 recommended performing as many as 300 to 400 pelvic 
fl oor muscle contractions daily but gave little information about 
the intensity of each contraction. As described by Bø,27 the two 
main principles of strength training for skeletal muscles are over-
load and specifi city. Specifi city is particularly important in rela-
tion to the pelvic fl oor muscles because approximately 30% of 
women have diffi culty performing a correct contraction on the 
fi rst attempt. The pelvic fl oor is surrounded by many larger 
groups of muscles, such as the quadriceps and glutei. Women 
often incorrectly contract these muscle groups when attempting 
to contract the pelvic fl oor muscles.

Another common mistake is to produce a Valsalva, or bearing-
down, maneuver. Bø27 also describes the importance of instruc-
tor-conducted exercises in establishing the correct action of the 
pelvic fl oor muscle and maintaining motivation to continue with 
the exercise program.

In addition to the muscle group being exercised, specifi city 
concerns the type of training used in relation to the dysfunction 
and symptoms. For example, in a case of urinary stress inconti-
nence, the function required of the pelvic fl oor muscles is to assist 
the urethral closure pressure provided by the urethral sphincter, 
the resting tone of the levator ani, and mucosal coaptation. This 
requires a quick, maximum voluntary contraction of the pelvic 
fl oor muscles; in this case, the training program must emphasize 
type II fi bers. During contraction of the pelvic fl oor muscles, 
motor units are recruited in order of increasing size, with type I 
fi bers recruited at low intensity and type II fi bers recruited only 
at high intensity. The training program therefore must include 
high-intensity exercises. Type II fi bers fatigue rapidly because of 
the rapid depletion and slow replacement of adenosine triphos-
phate. For this reason, the exercise program should allow relax-
ation between contractions. The contribution of type I fi bers 
should not be overlooked; they are responsible for maintaining 
the postural position of the pelvic fl oor, from which type II fi bers 
can then function effectively.28

Traditionally, PFMEs are practiced in isolation, without activ-
ity of the abdominal or hip muscles. However, Sapsford and 
colleagues29 describe how this practice has been challenged by a 
number of physicians, who noticed activity in the rectus abdomi-
nis in association with pelvic fl oor muscle contraction and pal-
pable coactivation of the abdominal muscles during functional 
activities, such as raising the head and shoulders. Sapsford and 
colleagues29 showed that the rectus abdominis, obliquus internus 
abdominis, obliquus externus abdominis, and transversus 
abdominis are coactivated with maximal contraction of the pelvic 
fl oor muscles. Sapsford and colleagues29 also showed that the 
reverse occurs; pubococcygeal electromyographic activity in-
creased in response to isometric contractions of the abdominal 
muscles. These investigators suggested that this activity could be 
used for therapeutic effect by encouraging submaximal deep 
abdominal isometric contractions to enhance pubococcygeal 
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training. The study also considered the effect of altering the posi-
tion of the lumbar spine during exercise and concluded that a 
neutral or extended position is preferable.

The functional evaluation of pelvic fl oor musculature is rife 
with technologic and cultural challenges. Compared with muscles 
outside of the pelvis, quantitative and reproducible evaluation of 
the levator ani kinesiologic function is diffi cult. The levator ani 
muscles are attached to the bony surfaces of the pelvis, which 
hinders the measurement of an isometric contraction in a repro-
ducible manner. These data demonstrate that pelvic fl oor muscle 
strength increases with exercise training, which is consistent with 
previous studies that have determined quantitative increases in 
perineometry,17 digital pelvic muscle strength scores,30,31 and 
gross vaginal electromyographic activity24,31 with PFMT. The 
variations in quantitative alterations reported in these studies no 
doubt refl ects variations in training regimens and recording 
techniques.

Maximal contractions of skeletal muscle increase strength by 
a combination of an increase in the effi ciency of motor unit 
activation and hypertrophy of type I (slow-twitch) and type II 
(fast-twitch) muscle fi bers,32 which lead to an increase in muscle 
volume. The pelvic fl oor musculature is uncommon in that it is 
the only group of voluntary muscles except for the respiratory 
diaphragm in which type I fi bers predominate.10 The mechanism 
of effi cacy of PFMT is unknown, but it is logical that hypertrophy 
of the striated levator ani33 with concomitant increases in kinesio-
logic function should improve continence by increasing bladder 
outlet resistance during physical stress and during moments of 
urgency and inappropriate detrusor activity. Studies of muscles 
outside of the pelvis in elderly women have demonstrated that 
strength training preferentially increases the diameter of type I 
fi bers with no alteration in the ratio of fi ber types within the 
muscle. In addition to the absolute strength of a pelvic fl oor 
muscle contraction, it is possible that the timing of the contrac-
tion can affect leakage during physical stress17 or urge.

Response to PFMT may in part depend on alterations in neu-
rophysiologic performance of the neuromuscular unit. Studies of 
muscles outside the pelvis demonstrate that training increases the 
effi ciency of neural activation,34 and in middle-aged and elderly 
subjects, increases in muscle strength seem to depend more on 
increased motor unit activation than on muscle fi ber hypertro-
phy.35 This type of electromyographic testing has not been used 
to evaluate pelvic fl oor muscle response to training. Given that 
pelvic fl oor musculature has a high proportion of type I (slow-
twitch) muscle fi bers, it is likely that improvements in resting 
pelvic fl oor muscle tone are important in improving continence 
during daily activities.

Clinical Studies of Pelvic Floor Muscle 
Training Programs

Several randomized, controlled trials have demonstrated PFMT 
to be effective in the treatment of SUI. In experimental studies 
such as randomized, controlled trials, the investigators seek to 
change the dependent variable (e.g., urinary leakage) by manipu-
lation of an independent variable (e.g., PFMT) to establish a 
cause-and-effect relationship.

Few researchers have analyzed the results comparing strength 
increase or maximal strength with improvement in urinary 
incontinence after training, and the results of the few published 
studies are contradictory. Dougherty and colleagues,36 Hahn and 
coworkers,37 and Boyington and associates38 did not fi nd any 
correlation between a change in pelvic fl oor muscle strength and 

urine loss. However, modifying their analysis, Boyington and 
colleauges38 found an association between a decrease in urine loss 
variables and increases in pelvic fl oor muscle pressure curve 
variables.

Confl icting results have been shown in case-control studies 
measuring pelvic fl oor muscle strength in continent and incon-
tinent women. Some researchers have shown a signifi cantly 
higher degree of pelvic fl oor muscle strength in continent 
women.39-41 In other studies, no differences have been demon-
strated.36,42 The confl icting results may refl ect small sample sizes, 
use of unreliable and insensitive outcome measures, and use of 
unreliable and insensitive methods to measure pelvic fl oor muscle 
strength.

We43 demonstrated that intensive PFME combined with 
weekly group training was signifi cantly more effective than the 
same exercises conducted at home. Because all women participat-
ing in this study had learned to contract the pelvic fl oor muscle 
correctly and had had the same monthly individual follow-up 
with measurement of pelvic fl oor muscle strength, development 
of muscle strength could be analyzed by combining results from 
responders and nonresponders from both groups. Another 
justifi cation for analyzing all participants together is that the 
study is not looking for treatment effect but instead seeks 
the relationship between pelvic fl oor muscle strength and other 
outcomes.

There is no consensus about which outcome measure to 
choose for assessing cure or how to classify a responder to treat-
ment for incontinence. However, combinations of subjective 
report and laboratory measurement of the condition have been 
recommended.44,45

In the few published studies in this area,46 different methods 
have been used to evaluate pelvic fl oor muscle function and 
showed that urine loss decreased as pelvic fl oor muscle function 
increased. Boyington and colleagues,38 measuring vaginal squeeze 
pressure, did not fi nd a correlation between an increase in muscle 
strength and improvement in leakage.

To achieve reduction of urinary leakage by PFMT, the training 
has to be of suffi cient intensity, frequency, and duration to cause 
a signifi cant change in muscle function.47 The intensity of the 
contraction is the most important factor in developing muscle 
strength.32 To improve the neural adaptation (i.e., recruitment of 
effi cient motor units and frequency of excitation) and hypertro-
phy, the training period should be at least 5 months.48 Lack of or 
insuffi cient improvement in muscle strength after PFME may 
explain why some researchers have failed to fi nd signifi cant dif-
ferences between methods49,50 or correlation between the inde-
pendent and dependent variables.37

Several studies have demonstrated that more than 30% of 
incontinent women are unable to contract the pelvic fl oor muscle 
correctly.30,51 Bump and coworkers51 showed that only 49% of the 
women able to contract the pelvic fl oor muscle performed a 
contraction effective enough to increase urethral pressure.

This may explain who some researchers have failed to fi nd a 
correlation between increased vaginal pressure and reduction of 
leakage. Measurement of voluntary contraction in a supine posi-
tion may not be a valid assessment of automatic co-contraction 
during an increase in abdominal pressure in an upright position. 
One study52 investigated the effect of two approaches to PFMT 
in stress incontinent women (N = 128). It is common practice 
for women to receive instruction in strength training combined 
with advice to voluntarily contract the pelvic fl oor muscles to 
prevent leakage with increases in intra-abdominal pressure (e.g., 
cough). The use of a voluntary contraction before an increase 
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intra-abdominal pressure, called the knack, and is based on 
motor relearning principles.

Randomization to an intervention group by opening sequen-
tially numbered, sealed opaque envelopes took place after clinical 
history taking, physical examination, baseline measures, and an 
explanation of the normal anatomy, physiology, and function of 
the bladder and pelvic fl oor muscles. Women then received 
instruction based on motor relearning principles alone or a com-
bination of strengthening and motor relearning. Women trained 
at home for 20 weeks, with four physiotherapy clinic visits and 
three phone calls to progress the program and maintain motiva-
tion. There were no statistically signifi cant differences in the 
primary measures of outcome between the strength training plus 
motor relearning or motor relearning program groups.

The confi dence intervals for the difference in leakage episodes 
and cough test do not rule out clinically important differences. 
Despite an attempt to design a study of adequate power, a larger 
trial is needed to address the question of important differences 
between these two approaches to PFMT. One study53 was under-
taken to determine the degree to which complete loss of the 
pubococcygeal muscle affected women’s ability to volitionally 
augment their urethral closure pressures by using a volitional 
pelvic fl oor muscle contraction (i.e., Kegel effort). The sample 
consisted of a subset of women who volunteered as healthy con-
trols in a larger study approved by an institutional review board. 
They were free of urinary leakage or prolapse and had a negative 
stress test result. Multiplanar, proton-density magnetic reso-
nance images of the pelvis were obtained in all women. A trained 
observer evaluated each scan to determine pubococcygeal muscle 
status. Women were selected for analysis if they demonstrated an 
intact pubococcygeus muscle (n = 28; mean age, 54 years) or 
absent pubococcygeal muscle (n = 17; mean age, 59 years). 
Women with parietal defects (e.g., one side only) were excluded. 
Women were then asked to perform two or three Kegel efforts 
while the transducer was held at the point of maximal urethral 
closure pressure. The investigators concluded that women with 
an absent pubococcygeal muscle are only one half as likely to be 
able to increase their urethral closure pressure more than 5 cm 
H2O and generate 43% less pressure with pelvic muscle contrac-
tion compared with women with normal women muscle 
training.

BIOFEEDBACK THERAPY

As described in the Chapter 19, biofeedback can be defi ned as the 
use of monitoring equipment to measure internal physiologic 
events or various body conditions of which the person is usually 
unaware. The basic approach is to provide individuals with infor-
mation about the physiologic activities in their bodies, including 
their brains. These include sensors (i.e., electromyographic and 
pressure sensors) for detecting and measuring the activity of anal 
or urinary sphincters and pelvic fl oor muscles. Techniques have 
been also developed to measure activity of urinary stress incon-
tinence. One aim of physical therapy has always been to assist 
patients by improving physiologic self-regulation within their 
natural environment.

Pelvic Floor Muscle Biofeedback

Several approaches have been used for measuring pelvic fl oor 
muscle activity to provide biofeedback, including urethral, 
vaginal, or anal feedback using manometry or electromyography. 

An important technical issue is the quality of the signal source 
used for feedback. As early as the 1940s, Kegel28,54 developed and 
used the perineometer, an instrument that consisted of an intra-
vaginal balloon attached to an external pressure gauge, which 
registered the pressure exerted by the pubococcygeus muscles. It 
was the fi rst biofeedback device for PFMT. This method uses 
manometry (pressure) biofeedback by means of an intravaginal 
or intrarectal device. An advantage of pressure manometry is that 
as the patient contracts her pelvic fl oor muscles, the device pro-
duces a resistive pressure that may give additional feedback to the 
patient. After the vaginal manometry method, electromyography 
emerged for recording pelvic fl oor muscle activity. Different 
signal sources have been used, but electromyographic activity has 
evolved as the preferred signal source for many types of biofeed-
back therapy.55

Electromyographic activity of pelvic fl oor muscle contractions 
has become a common signal source for the treatment of urinary 
incontinence.56 Vaginal electromyographic activity is recorded by 
means of surface electrodes in the vaginal introitus or a vaginal 
probe with electrodes embedded. The vaginal probe is easy to 
insert and remove, and it is usually comfortable.

Biofeedback of the urethral or anal sphincter or pelvic fl oor 
muscles is used in the management of urinary incontinence and 
voiding diffi culties. The external anal sphincter and the external 
urethral sphincter have similar innervation through branches of 
the pudendal nerves. Although there are confl icts in the literature 
about the issue of correspondence between the anal and urethral 
sphincters, several studies indicate that these muscles act in 
concert,57 and data indicate that training and controlling the anal 
sphincter results in urinary sphincter activity that corresponds in 
magnitude.58 Anal sphincter activity can be measured by pressure 
balloons located by the external anal sphincter (for manometry) 
or by surface electrodes placed around the anus at the 10-o’clock 
and 2-o’clock positions.

Electromyographic activity can be measured by electrodes 
embedded in a rectal probe. The electromyographic instruments 
are designed to detect the weak electrical signals generated during 
muscle contraction. Surface electrodes are electrically conductive 
pathways in contact with the skin (over abdominal muscles) or 
mucosa (vaginal or anal tissue). Continuous monitoring of the 
electromyographic signal is important to ensure that there is no 
undetected signal interference and that electrode placement pro-
vides an appropriate signal. Correct placement of surface elec-
trodes is fundamental to detect and measure a signal accurately. 
The three common signal sources (bladder pressure, anal sphinc-
ter pressure, and vaginal electromyographic activity) are signi-
fi cantly altered by increases in intra-abdominal pressure. 
Simultaneous measurement of abdominal activity should be 
done with all biofeedback therapy techniques. Intra-abdominal 
pressure can be measured easily using an internal rectal balloon. 
Electromyographic activity of the rectus abdominis muscles can 
be determined by surface electrodes. The abdominal muscle 
activity is displayed by means of two active electrodes placed 
3 cm apart just below the umbilicus. A ground electrode is placed 
on a convenient bony prominence, such as the iliac crest.59-61

Electromyographic biofeedback training is used to increase 
the activity of weak muscle groups and to promote relaxation of 
spastic or tense muscles.62 In the case of urinary stress inconti-
nence, the function required is to assist the urethral closure pres-
sure provided by the urethral sphincter. This requires a quick, 
maximal voluntary contraction of the pelvic fl oor muscles, and 
the training program must emphasize type II fi bers. However, the 
contribution of type I fi bers should not be overlooked. They 
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are responsible for maintaining the postural position of the 
pelvic fl oor, from which type II fi bers can function effectively 
(Fig. 28-1).

Clinical Practice and Techniques

Using three-channel biofeedback, patients are taught to contract 
and relax pelvic fl oor muscles selectively without increasing 
bladder pressure or intra-abdominal pressure. In our prac-
tice,62-64 my colleagues and I use a microcomputer-based system 
with a wide range of parameters that allows us to regulate the 
treatment according to the specifi c requirements of the patient, 
especially in daily activities. The system records simultaneous 
measurements of electromyographic activity of the pelvic fl oor 
muscles, rectus abdominis muscles, and other skeletal muscles 
(e.g., gluteal, adductors).

In clinical practice, I use pelvic fl oor therapy systems, which 
include products for home-based and offi ce-based treatments 
and provide the most comprehensive and advanced platforms for 
treatment of pelvic fl oor dysfunction. The available equipment 
typically ensures effective treatment outcomes for most patients. 
The most important features are adjustable color and screen 
confi guration, session graphs with summaries of data, audio and 
visual goal setting, annotated markers, templates, and animation 
(see Fig. 19-5 and 19-6 in Chapter 19). Using such equipment, it 
is possible to provide more enjoyable exercise programs (i.e., 
various levels of diffi culty) and to conduct statistical analyses 
(Fig. 28-2).

Muscle Strengthening

The pelvic fl oor muscles hold the pelvic organs like a hammock, 
providing support and stabilization. Normally, when the woman 
is erect, the levator ani muscles, together with the respective 
fasciae, contribute to the support of the vaginal canal, urethra, 
and rectum. In patients with pelvic relaxation, this normal mus-
cular support is lost. The levator ani hiatus is wider, and the 
levator plate is weakened and relaxed. When the pubococcygeal 
portions of the levator ani sling contract, they shorten lengthwise, 
gaining thickness and lessening the pelvic fl oor aperture trans-
versely, thereby reducing the anteroposterior diameter consider-
ably.65 A tonic contraction of the levator ani maintains a high 
position of the vesical neck and may compensate for an increase 
in intra-abdominal pressure. The levator ani support66 is pro-
vided predominantly by slow-twitch fi bers, which are responsible 
for maintaining static muscle tone. During stressful events, 
phasic fast-twitch fi bers provide a rapid forceful contraction.67,68 
When muscles have weakened, there is little perception of the 
contraction because the intensity of the proprioceptive feedback 
to the brain is relative to the amplitude of the muscle contraction. 
Muscle strength can be improved through a program of 
PFMEs.

In planning a PFME program, it is important to follow some 
basic guidelines. Patients should be selected according to grades 
of the pelvic fl oor muscles. A trained therapist should be present 
to give proper instruction about the level of contraction, and the 
exercise program should be tailored to the individual. Body 
positions should be modifi ed after several sessions, and types of 

A

B

C

Figure 28-1 Pelvic fl oor muscle training programs. A, Voluntary contractions of the pelvic fl oor muscles, called the digital perineal technique, 
are performed with the help of the therapist. B, Pelvic fl oor muscles exercises with coactivation of the abdominal muscles. It is assumed that 
the activity encourages submaximal deep abdominal contractions that enhance pubococcygeal training. C, A set of vaginal cones ranging 
from 20 to 90 g are inserted into the vagina. When the patient stands and walks around, the vaginal cones tend to drop out of the vaginal, 
triggering a refl ex contraction.

Ch028-X2339.indd   314 1/31/2008   2:22:22 PM



 Chapter 28 PELVIC FLOOR REHABILITATION 315

contraction should be alternated. During exercise sessions, it is 
important to recruit fast-twitch fi bers by fast contractions to 
develop strength and recruit slow-twitch fi bers by slow contrac-
tions to increase endurance.67 Regular strength training increases 
the number of activated motor units, frequency of excitation, and 
muscle volume. To induce hypertrophy, both fast- and slow-
twitch fi bers should be contracted. To achieve these objectives, 
a successful PFMT program must include rapid forceful con-
tractions, sustained maximal voluntary contractions, and fast 
contractions superimposed on the end of each prolonged 
contraction.

Effective strength training relies on specifi city (i.e., co-con-
traction of other groups of muscles such as the glutei and hip 
adductors should be minimized) and overload (i.e., increasing 
length and duration of contractions and reduction of rest 
periods). The only anatomic relationship between the levator ani 
and the other pelvic fl oor muscles is provided by the obturator 
internus. The pubococcygeal segment of the levator ani origi-
nates in the tendinous arch, a thickening of the obturator fascia; 
the iliococcygeus begins at a membranous insertion to the inner 
surface of the obturator internus at the tendinous arch of the 
levator ani.68 This anatomic consideration of the voluntary or 
refl ex contraction of the levator ani and obturator internus is 
important in setting up the protocol of a PFMT program. This 
endopelvic connection to the tendinous arch may assist the 
levator ani in support because it limits the descent of the pelvic 
organs during increased intra-abdominal pressure. In patients 
with weakening and stretching of the levator ani, even in those 
with partial denervation, some muscular components such as the 
obturator internus may be recruited in the early stages of PFMEs. 

If there is a major weakness of the pelvic fl oor muscles, contrac-
tion of the gluteus maximus can produce an overfl ow of activity 
into the levator ani. Different exercises may be proposed to such 
a patient. The fl ick contraction exercise is performed by contract-
ing and relaxing the levator ani as tightly as possible for 1 second. 
An average of 3 sets of 12 contractions during the session is 
recommended.

The hold contraction exercise is performed by lifting and 
pulling up the levator ani and holding the contraction for at least 
6 seconds. As control improves, the time of this sustained con-
traction can be extended to 10 or 12 seconds. Patients are 
instructed to contract their muscles with 3 sets of 8 slow maximal 
contractions sustained for 6 to 8 seconds each.27,43 Effective 
strength training relies on overload (i.e., increasing resistance 
to, frequency, or duration of muscle contraction). The intensive 
contraction exercise involves the recruitment of levator ani 
muscles with other groups of muscles in different positions, 
controlling the levator ani in increments to the point of maximal 
tension.

The treatment sessions are essentially training sessions that 
aim to increase the strength and endurance of the pelvic fl oor 
muscles. Because biofeedback requires effort, the sessions should 
not overtax the patient. In general, the initial sessions are shorter 
than subsequent sessions, and if the patient’s performance begins 
to deteriorate, the session should be interrupted because muscle 
fatigue leads to muscle compensation. It is thought that PFMT 
and PFME is most useful if conducted in a variety of positions, 
including sitting and standing, rather than restricted to the tra-
ditional supine positions. Training periods of at least 20 weeks 
have been recommended, but it is important to assess patients 

Figure 28-2 A stationary device with a wide range of parameters is used to provide electrical stimulation and biofeedback therapy (top). 
Using this equipment, it is possible to provide more enjoyable exercise programs, such as the dolphin game (bottom). (Courtesy of Laborie 
Medical Technologies, Montreal, Canada.)
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individually to determine the degree of pelvic fl oor muscle weak-
ness to prevent adverse effects caused by muscle fatigue.

Refl ex Contraction

In normal situations, with increased intra-abdominal pressure, 
the rectum, uterus, and upper vagina are pushed downward and 
backward. The levator plate tenses and rises because of a refl ex 
muscular contraction. Sudden increases in intra-abdominal pres-
sure are transmitted to the urethra.

Sudden changes in abdominal pressure elicit a refl ex contrac-
tion of the levator ani muscles. It has been suggested that a 
strong, fast, well-timed, voluntary pelvic fl oor muscle contrac-
tion70 can clamp the urethra, preventing urethral descent and 
leakage during an abrupt intra-abdominal pressure change.71 It 
has been claimed that the downward pressure from the abdomi-
nal viscera has to be offset by the strength of the urogenital dia-
phragm and that the forward pressure of the pelvic fl oor increases 
the tendency to visceral protrusion. This active element, resulting 
from a striated muscle effect, allows improved pressure transmis-
sion, but it also promotes greater effi ciency of the pelvic fl oor 
refl ex by active means. In pelvic fl oor disorders, female patients 
may lose this refl ex muscle contraction, and one of the goals 
of biofeedback therapy is to enable patients to relearn this 
refl ex.62,72

The teaching process aims to demonstrate how the levator ani 
muscles must be contracted before and during increased intra-
abdominal pressure, particularly with strenuous effort during 

heavy physical activity. During the learning process of the refl ex 
contraction (Fig. 28-3), called the stress strategy or the perineal 
blockage before stress technique, the levator ani must be contracted 
before any rise of intra-abdominal pressure.62,73 At the end of this 
process, women must be conscious of a constant contraction of 
the levator ani and can use the technique of perineal blockage 
before physical stress. This skill of using pelvic fl oor muscle con-
traction to prevent stress leakage has also been called the knack.17,74 
In the treatment of SUI, De Lancey75 posits that a quick, strong 
pelvic fl oor muscle contraction can clamp the urethra, increasing 
urethral pressure and preventing leakage during an abrupt or 
sustained increase in intra-abdominal pressure. DeLancey76 also 
suggests that an effective contraction of the pelvic fl oor muscle 
may press the urethra against the pubic symphysis, creating a 
mechanical pressure rise. The refl ex contraction is a feed-forward 
loop because it may precede the bladder pressure rise by 200 to 
250 ms.70

Use of New Skills in Daily Activities

Urinary stress incontinence and pelvic organ prolapse are pri-
marily related to erect posture. We may assume that erect posture 
and a constant increase in intra-abdominal pressure alter female 
urethrovesical function. In the vertical position, the urethra 
leaves the bladder at the point of maximal combined intra-
abdominal pressure and gravity force. We can assume a certain 
relationship between pelvic fl oor support and intra-abdominal 
pressure. A pelvic fl oor muscle refl ex occurs with a sudden 

Figure 28-3 Recordings of the levator ani muscles (top) and the transversus abdominis muscles (bottom) during the perineal blockage 
before stress technique or the knack. During the learning process of the refl ex contraction, the levator ani must be contracted before any 
increase of intra-abdominal pressure.
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increase in intra-abdominal pressure. On the basis of this concept, 
my colleagues and I developed the applied biofeedback tech-
nique, referring to electromyographic pattern of the levator ani 
combined with synergistic and antagonistic muscle activity in a 
standing position.

The evolution of women’s professional and business activities 
and stressful environments represent high-risk factors for pelvic 
fl oor relaxation. The intra-abdominal pressure in the standing 
position is two or three times greater than that in the supine 
position. Without a treatment protocol implemented in a stand-
ing position, especially with movement, neuromuscular re-
education is pointless. This method is based on the relationship 
between pelvic fl oor muscle control and rise in intra-abdominal 
pressure.

It consists of pelvic fl oor muscle contraction during the abrupt 
increase of the intra-abdominal pressure that occurs during 
standing and exercising.62,72,77 In our practice,62,78,79 my colleagues 
and I use offi ce equipment that allows patients to assume differ-
ent positions as they learn to use the pelvic fl oor muscles to 
prevent incontinence. The trainer helps patients change their 
reactions by establishing targets and assisting them in developing 
new habits and modifying their physical activities. The simula-
tion of daily activities is an important stage in which selected 
“home stress” or a physical task is used to access the patient’s 
ability to perform a real-life activity (Figs. 28-4 and 28-5). The 
patient usually should start with easy tasks and progressively 
make the activities more diffi cult and more functional. It is 
optimal for patients to be standing when they perform these 
exercises.

Successful recovery of the ability to perform daily activities 
without incontinence is most likely when the pelvic fl oor muscle 
strength is combined with a refi ned control of the functional 
activity. For this purpose, we use equipment,62,72 including a 
video monitor connected to a computerized unit, that monitors 
the electromyographic activity of muscle groups. The patient is 

asked to perform various tasks that are similar to domestic activi-
ties, such as carrying a baby basket or lifting items from the fl oor. 
The perineal blockage technique is useful in providing feedback 
for the active woman during exercise.62,77,79 In some cases, as soon 
as the pelvic fl oor contraction is effective, we request perineal 
contraction with synergic muscles (i.e., external hip rotators, 
gluteal muscles, and adductor muscles) and later with antagonist 
muscles (i.e., rectus abdominis). If the patient has some diffi culty 
in performing these exercises, we suggest that she practice in dif-
ferent positions, such as lying and sitting.

For sportswomen,62,64,72,78 my colleagues and I recommend 
using a treadmill and recently a new device with a mechanized 
oscillating platform (Huber, Spine Force, LPGS Systems) (Fig. 
28-6), which represents the opportunity to combine speed and 
endurance. The underlying concept is that the circumstances and 
precipitants of incontinence must be taken into account during 
treatment sessions to provoke a refl ex pelvic fl oor muscle con-
traction in response to stress. Accuracy of speed (2.5 to 6 mph) 
and slope (5% to 12%) is assumed for a precisely controlled 
workout. The introduction of the treadmill or other sports equip-
ment into our program for sportswomen is one way to allow the 
patient to perform real physical activities in a medical 
environment.62,72,78

Clinical Results

Many studies have demonstrated that treatment with biofeed-
back reduces incontinence. The data show that the treatments 
are safe and effective, and they yield high levels of patient satisfac-
tion. PFMT is commonly implemented using simple verbal 
feedback given to the patient during palpation of the pelvic 
fl oor muscle by the therapist or biofeedback involving vaginal or 
anal electromyographic probes or pressure sensors. Several trials 
compared PFMT with biofeedback versus PFMT alone.79-83 Most 
of the studies investigated the effect of biofeedback for women 
with stress incontinence with or without detrusor instability, 
comparing biofeedback-assisted PFMT with pelvic fl oor training 
alone.

Figure 28-4 To monitor the use of new skills in daily activities, we 
use infrared telemetry, including a video monitor that allows the 
patient freedom of movement and activities while she uses the 
knack technique. All theses programs are conducted in the standing 
position, and the patient is fully clothed. A light tampon vaginal 
probe and surface abdominal electrodes are used during the 
session. (Courtesy of YSY Medical, Nimes, France.)

Figure 28-5 Applied biofeedback during physical activities. A short 
vaginal sensor and electrode wire set for accessory muscles are 
used for the exercise program. The patient lifts  a heavy item while 
performing the perineal blockage or knack technique.
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Burgio and colleagues80 treated 24 stress incontinent women, 
who were between the ages of 29 and 64 years, for 6 weeks. One 
group received simultaneous bladder, sphincter, and abdominal 
pressure feedback, and the control group received verbal feed-
back based on vaginal palpation. All patients in both groups 
received comprehensive training in 100 trials across four training 
sessions. Cures or improvement (i.e., at least 50% reduction of 
incontinence) resulted for 92% of the biofeedback group and 
55% of the control patients. The biofeedback group averaged 
75.9% reduction in the frequency of incontinence, which was 
signifi cantly greater than the mean of 51% shown by the verbal 
feedback group. The investigators concluded that although many 
patients can succeed without biofeedback, it improves the 
patient’s ability to learn appropriate pelvic fl oor muscle contrac-
tions and increases the likelihood of successful outcome.

Berghmans and colleagues81 suggested that the group that had 
biofeedback improved more quickly than the group that used 
only PFMT at 6 weeks, although there were no signifi cant differ-
ences at 12 weeks. This fi nding has not been confi rmed by any 
other study.81

In a controlled clinical trial, Wilson and colleagues82 com-
pared four groups: PFMT at home, hospital-based PFMT with 

biofeedback, PFMT with interferential therapy, and PFMT with 
faradism. They reported greater symptomatic improvement in 
the group using hospital-based PFMT with biofeedback com-
pared with PFMT at home. In a study by Morkved and col-
leagues,83 94 women with urodynamic stress incontinence were 
randomized to 6 months of PFMT with a physical therapist, with 
or without biofeedback at home. Training with home biofeed-
back resulted in higher rates of objective cure, but the difference 
between groups was not statistically signifi cant.83 The researchers 
found that the value of home biofeedback may be that it moti-
vates many women, and they thought it should be an option in 
clinical practice.

Using biofeedback, pelvic fl oor dysfunction, including incon-
tinence, can be brought under conscious awareness, including 
the contraction and relaxation of skeletal. Although surgery is 
usually necessary for women who suffer from severe SUI, bio-
feedback also can be useful for these patients because they can 
become actively involved in their own treatment and achieve 
better control of the perineal area.

ELECTRICAL STIMULATION

Basic Principles and Mechanism of Action

Electrical currents are applied therapeutically to stimulate muscle 
contraction, usually through activation of nerves that supply 
muscles. Electrical stimulation is an effective treatment for stress 
incontinence. This technique uses natural pathways and the mic-
turition refl exes, and its effi cacy relies on a preserved refl ex arc, 
with complete or partial integrity of the pelvic fl oor muscle 
innervation.84 Based on animal experiments, direct stimulation 
of afferent or efferent fi bers appears to be the most important 
mechanism to enhance the refl ex response. The mechanism of 
electrical stimulation for stress is urethral closure by contraction 
of the pelvic fl oor muscle fi bers. Urethral closure occurs by direct 
stimulation. Closure of the urethra by electrical stimulation of 
the pudendal nerve is caused mainly by direct stimulation of the 
pudendal nerve efferent, which supplies the striated paraurethral 
and pelvic fl oor muscles and is supported by activation of hypo-
gastric efferents to the smooth paraurethral muscles.85,86

Electrical stimulation is commonly used in the treatment of 
urinary incontinence and pelvic fl oor dysfunction to improve the 
function of the urethral sphincteric mechanism, levator ani 
muscles, and external anal sphincter. These muscles have fast- 
and slow-twitch fi bers. The slow-twitch fi bers may be important 
in developing sustained tone to occlude the urethra, whereas the 
fast-twitch fi bers may be involved in pelvic refl ex contraction.

Electrical stimulation may increase the bulk of the levator ani 
muscles and the proportion of fast-twitch fi bers, thereby infl u-
encing the ability of muscles to respond to a sudden increase in 
intra-abdominal pressure. The stimulus may increase the number 
and strength of slow-twitch fi bers, improving resting urethral 
closure. Threshold intensity varies inversely with fi ber diameter. 
Any pulse confi guration can provide nerve activation, and many 
stimulation waveforms have been used to cause neural excita-
tion.87,88 These confi gurations include biphasic capacitively 
coupled pulses, monophasic square pulses, biphasic square 
pulses, and monophasic capacitively coupled spike pulses. Short 
square-wave pulses (200 to 1000 ms) are the most effective. To 
minimize electrochemical reactions at the electrode-mucosa 
interface, biphasic or alternating pulses are recommended.89

Figure 28-6 Applied biofeedback with a treadmill. The patient jogs 
for 15 minutes, and parameters are selected according to the type 
of exercise, strength, and endurance.
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The size and position of the electrodes are of utmost impor-
tance to the response. Small electrodes and high charge densities 
are necessary to avoid tissue damage, which presumably depends 
on the generation of heat and formation of toxic products 
through electrochemical reactions. Heat production correlates 
with the amount of energy delivered and the electrochemical 
reactions to the electrical charge transferred by each pulse. The 
use of a low frequency further reduces energy consumption. Bidi-
rectional pulses can reduce electrochemical reactions, and inter-
mittent stimulation helps to avoid harmful effects by decreasing 
total energy.90

The effects of electrical stimulation on urethral closure are 
optimal with stimulation parameters between 35 and 50 Hz. The 
sacral afferent nerves, particularly the autonomic nerves of 
the pelvic organs, are poorly myelinated (Aδ) or unmyelinated 
(C) fi bers, which conduct current at a slow rate of 5 to 20 Hz. 
Low frequencies (1 to 5 Hz) generate twitch contractions, 
allowing little sustained tension to develop in the muscle. 
Slow-twitch muscle fi bers have a natural fi ring rate of 10 to 
20 Hz, whereas fast-twitch fi bers fi re at 30 to 60 Hz. Current 
frequencies of greater than 40 Hz may cause undue fatigue 
and should be avoided. In a healthy muscle at frequencies of 
approximately 30 Hz, muscle contractions usually become 
fused or tetanized, so that a smooth contraction is apparent. 
Current frequencies of 10 to 40 Hz that last approximately 
250 to 500 ms activate fast and slow motor neurons. At high fre-
quencies, the muscle weakens rapidly because of neuromuscular 
transmission; at lower frequencies, less fatigue occurs. Chronic 
stimulation may increase the relative number of slow-twitch 
fi bers, probably by helping to transform fast-twitch fi bers to slow 
units, which can sustain the contraction longer. Stimulation 
recruits muscle fi bers in a less predictable order than that of a 
voluntary contraction (i.e., type II fi bers may be recruited before 
type I).91 Long-term electrical stimulation92,93 induces almost 
complete transformation of fast-twitch to slow-twitch fi bers that 
have a high-energy capacity. Frequencies of 10 to 60 Hz induce 
such transformation, which occurs after almost 30 days of electri-
cal stimulation. Most patients have some relapse after 30 days, 
possibly as a result of the reverse process associated with immo-
bilization or inactivity. During the on time, the stimulation 
delivers a train of individual pulses of prescribed amplitude, 
duration, and frequency.

The length of the off time defi nes the recuperative period for 
the stimulated muscles.94 The length of the off time defi nes the 
recuperation period for stimulation. The ratio of stimulation 
time to rest time is called the duty cycle. A typical duty cycle is 
approximately 1  :  2.

The patient’s diagnosis and degree of muscle weakness should 
be considered when identifying a suitable duty cycle for initiation 
of the electrical stimulation program.94 In case of weakness or 
neurologic impairment, a ratio of 1  :  3 may be appropriate.95 As 
muscle strength or endurance improves, the ratio of on-to-off 
time may be decreased. Most commercially available devices 
allow adjustment of the time that the stimulus takes to reach peak 
intensity and return to zero intensity. To reduce the problem of 
discomfort, the amplitude of the stimulus (i.e., intensity) is pro-
gressively delivered, allowing the patient to become accustomed 
to the stimulation as it increases from no perceptible levels to 
sensory and then to motor thresholds. Most electrical stimulators 
introduced in the past decade provide constant voltage or con-
stant current that maintains the same current waveform, regard-
less of changes in impedance. Great individual variations in the 

stimulus can be tolerated without incurring unpleasant sensa-
tions. This difference is related to impedance.

Signifi cant evidence shows denervation of the pelvic fl oor in 
women with pelvic fl oor dysfunction, mainly as a result of vaginal 
childbirth or other pelvic trauma, surgery, or aging. Pudendal 
nerve latency is prolonged by vaginal delivery96,97 and vaginal 
surgery for prolapse.98

Patients with urinary incontinence or pelvic organ prolapse 
have longer pudendal nerve latency periods than continent 
control subjects.99 Histologic evidence of denervation was seen in 
biopsy specimens taken from the pubococcygeus at surgery for 
genital prolapse or stress incontinence.98

To improve urethral closure, innervation of the pelvic fl oor 
must exist. No effect can be expected in patients with complete 
lower motor neuron lesions. If the muscles are completely dener-
vated, physiotherapy is unlikely to be effective. However, any 
surviving muscle fi bers will be hypertrophied. After denervation 
injury, such as occurs after pelvic surgery or vaginal childbirth, 
electrical stimulation may be used to recondition muscle and 
facilitate sprouting of surviving motor axons. These abnormali-
ties are potentially reversible or at least treatable, because the 
nerve supply is not completely disrupted.91 Because electricity has 
been used to stimulate denervated muscle for many years, electri-
cal stimulation could be used to produce reinnervation or electri-
cal reorganization of the pelvic fl oor. Although the reason for 
stimulating denervated muscle appears logical, fi ndings on the 
effi cacy of such treatment are contradictory.

There is no unanimity of opinion about the ultimate degen-
eration of denervated muscle fi bers. When discussing the thera-
peutic technique, particular attention must be paid to the 
following requirements:

■ The duration of the impulse should be as short as possible but 
long enough to elicit a contraction.

■ The rest period between successive stimuli should be at least 
four to fi ve times longer than the duration of the stimulus.

■ The increase should be as steep as possible to avoid stimula-
tion of intact axons.

■ The intensity of the stimulus must be suffi cient to achieve a 
moderately strong contraction, but it should avoid causing the 
patient unnecessary discomfort.84

Stimulation to enhance motor control, whether it is called a 
facilitation technique or a muscle re-education program, pro-
vides a tremendous amount of sensory information to the central 
nervous system through a variety of sensory modalities and affer-
ent pathways for automatic and conscious processing. Electrical 
stimulation may improve reinnervation after partial denervation 
by enhancing sprouting of surviving motor axons.

In summary, therapeutic stimulation is recommended for 
women with urinary incontinence and pelvic fl oor dysfunction84 
who underwent unsuccessful PFMT as a fi rst-line treatment. 
Pelvic fl oor electrical stimulation offers  a nonsurgical approach 
for treating urinary incontinence. The stimulation increases the 
urethral resistance by strengthening the pelvic fl oor muscles. 
Electrical stimulation must be performed in conjunction with a 
pelvic fl oor training program (for stress incontinence) and 
biofeedback.

Extracorporeal Electromagnetic Stimulation

Pulsed electromagnetic fi elds, rather than continuous fi elds, are 
most commonly used for the stimulation of human tissue. These 
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fi elds are generated by high-voltage electric currents applied to a 
surface stimulation coil. At the tissue level, electrical eddy cur-
rents are induced by a fl ow of ions establishing differences in 
voltage between two spatial points. If the voltage gradient is 
strong and the change of fi eld is rapid, membrane depolarization 
occurs, establishing an action potential along adjacent peripheral 
nerve tissue.100 In the pelvis, stimulation of the lumbosacral roots 
initiates this sequence of events, leading to nerve depolarization, 
stimulation of the motor end plates, and ultimately, pelvic fl oor 
muscle contraction.101 In contrast to electrical stimulation, which 
directly stimulates the nerve,102 magnetic stimulation is a vehicle 
that secondarily generates ion fl ow and eddy currents to which 
nerve tissue is particularly sensitive.

Conventional stimulators deliver pulses lasting less than 
100 μs at frequencies of 20 to 50 Hz. The depth of magnetic fi eld 
penetration, or focal length, is proportional to the diameter of 
the stimulating coil. The spatial distribution of the maximum 
magnetic fi eld refl ects the size and shape of the stimulating coil, 
usually a hollow-centered doughnut, in contrast to the bull’s-eye 
fi eld that is created by electrical stimulation.102,103 Magnetic pulses 
can facilitate the stimulation of autonomic and somatic nerve 
pathways in the pelvic fl oor without the use of electrodes.104

For therapeutic application, it was fi rst reported that high-
frequency or continuous magnetic stimulation of S3, delivering 
up to 20 pulses/sec, produced clinically useful stimulation of the 
pelvic fl oor musculature, increased pressure in the anal canal,105 
and generated contraction of the external sphincter. Extracorpo-
ral electromagnetic stimulation does not require any probes, skin 
preparation, or physical or electrical contact with the skin 
surface.102,103

The patient sits fully clothed on a chair that contains an elec-
tromagnet controlled by an external power source (Fig. 28-7). 
Optimal coil position can be mapped by visual confi rmation of 
toe fl exion or abduction of the legs and the sensation of anal 
contractions. In clinical practice, treatment is typically performed 
for 6 to 10 weeks, with two sessions weekly. Each session lasts 24 
minutes, with 10 minutes at 20 Hz and 10 minutes at 50 Hz and 
with 4 minutes of rest.

Extracorporal electromagnetic stimulation provides a useful 
alternative for patients who do not respond to drug therapy, are 
poor surgical candidates, or lack the agility to manage electrical 
stimulation devices.102,103 Electrical stimulation is indicated for 
patients who are not strongly motivated to perform pelvic fl oor 
exercises, for those with weak pelvic fl oor muscle activity, and for 
those with contraindications to surgery (e.g., genuine stress 
incontinence) or medication (e.g., urinary incontinence).

Electrical stimulation is an effective mode of therapy for 
urinary incontinence and pelvic fl oor dysfunction. As the use of 
electrotherapy grows because of advances in technology, it is 
necessary for health care professionals to carefully analyze inno-
vative applications and demand a demonstration of the effi cacy 
of this therapy.

Clinical Results of Electrical Stimulation

The interpretation of data may be limited because patients often 
are not classifi ed urodynamically. Sand and colleagues106 con-
ducted the only placebo-controlled study of electrical stimula-
tion. It showed the unquestionable superiority of the treatment 
arm. Fifty-two women with genuine stress incontinence were 

Figure 28-7 Principle of extracorporeal electromagnetic stimulation. The patient sits fully clothed on a chair that contains an electromagnetic 
controlled by an external power source. The magnetic fi eld activates all of the branches of the pudendal nerves, inducing repetitive 
contractions of the pelvic fl oor musculature. (Courtesy of Neotonus Inc., Marietta, GA.)
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enrolled (35 in the treatment group; 17 in the placebo group). 
The treatment group underwent 12 weeks of stimulation twice 
daily, and current was delivered through a single vaginal elec-
trode. The parameters used were 50 Hz with a pulse width of 
0.3 ms. Intensity varied from 0 mA to 100 mA, and the duty cycle 
was 5 seconds on and 10 seconds off. The placebo group received 
sham electrical stimulation with output limited to 1 mA. The 
number of episodes of incontinence decreased signifi cantly in 
the treatment group, as measured by daily (P = .04) and weekly 
(P = .009) leakage and by the pad test.

Subjective assessment of frequency of urine loss showed sig-
nifi cant improvement in the treatment group. Luber and Wolde-
Tsadik107 performed a prospective, randomized, controlled study 
to evaluate the effect of electrical stimulation on urinary incon-
tinence. They used a sample of 54 patients who had genuine stress 
incontinence. Patients in the treatment group (n = 20) under-
went treatment for 15 minutes twice daily for 12 weeks with 
vaginal electrode stimulation at a frequency of 50 Hz and pulse 
duration of 2 ms. The placebo group (n = 24) underwent sham 
electrical stimulation with no current in the patient circuit. Sub-
jective cure and improvement rates at 3 months were 25% and 
29.2% in the treatment and sham treatment groups, respectively. 
Rates of objective cure (i.e., negative stress test results on urody-
namic studies) were 15% of treatment group and 12% of control 
group. Subjective cure was improvement in 25% in the treatment 
group.

Clinic-based electrical stimulation may be useful for women 
unable to produce a voluntary contraction. However, clinic-
based treatment requires that women attend on a regular basis 
and uses clinic resources and the therapist’s time. It has been 
suggested that home-based electrical stimulation would provide 
a more cost-effective option.

An interesting study108 set out to investigate how effective this 
approach might be in clinical practice. One hundred seventy 
women, who were diagnosed as having urodynamically proven 
genuine SUI, were recruited to the study over a 3-year period, 
and 20 were randomized to have treatment deferred and then 
went on to receive active stimulation. Having given informed 
consent, they were randomized to one of four treatment groups: 
closely supervised conventional pelvic fl oor exercises, the same 
exercise program with the use of a portable stimulator, the exer-
cise program and use of an identical but electrically disabled 
dummy stimulator, or no initial treatment (i.e., control group) 
Treatment was carried out over a 14-week period and was closely 
supervised by an experienced research physiotherapist. The 
control group had no treatment for a 14-week period before 
entering the active stimulation group. The deferred group showed 
no statistically signifi cant improvement compared with the other 
treatment groups.

Symptom scores and quality-of-life scores improved signifi -
cantly in all treatment groups, but not in the control group. No 
statistically signifi cant differences between treatment groups 
were detected. Compliance was assessed as excellent if the PFMEs 
and use of the stimulator were performed daily, good if more than 
three times per week, poor if less often than this, and unrecorded 
if not recorded or withdrawn from the study. Compliance with 
PFMEs was generally good, with three fourths of the women in 
all groups performing exercises more than three times weekly. 
Compliance with use of the stimulators was poor, with less than 
one half of the stimulator groups using the devices regularly. 
Reasons given for poor compliance with the stimulators included 
lack of time, lack of privacy, and discomfort caused by the stimu-

lator. The researchers concluded that in a group of women with 
urodynamically proven genuine SUI, PFMEs under the supervi-
sion of an experienced physiotherapist led to signifi cant improve-
ments in pad-test urine loss, symptom scores, and quality-of-life 
scores. The addition of home electrical stimulation did not 
improve the results of therapy. Clinic-based electrical stimula-
tion, under supervision, may enhance the results of physiother-
apy, but the use of home stimulators is of little benefi t and merely 
increases the cost and complexity of treatment.

Another study reported the women’s preferences for treat-
ment of urodynamic stress incontinence by physiotherapy orsur-
gery.113 A package was developed for women with urodynamic 
stress incontinence that had three sequenced sections: a question-
naire eliciting the patient’s current knowledge of available treat-
ments, including the origins of the knowledge; three one-page 
information sheets describing pelvic fl oor treatment (PFT) by 
women’s health physiotherapists, the tension-free vaginal tape 
(TVT), and open colposuspension as options for treatment, 
including success rates and complications; and a questionnaire 
eliciting hand-written responses about the patient’s preferred 
treatment, the reasons for her choice, and whether she wished to 
ask questions.

The package was developed by three urogynecologists, two 
physiotherapists, and a professor of medical sociology. The 
patients were informed that regardless of their preferences, the 
fi nal decision about treatment modality would be made jointly 
between themselves and a doctor after the questionnaire was 
completed. Based on an estimation that 70% of women choose 
pelvic fl oor treatment over surgery and an estimated prevalence 
of 240 cases of urodynamic stress incontinence per year in the 
three units, a sample size of 138 was determined. After reading 
the information sheets, 44 (66%) women chose PFT as their 
preferred management, followed by the TVT (24%) and colpo-
suspension (9%), with nonsignifi cant differences among the 
three units. Nine percent of women attempted to avoid making 
a choice, requiring encouragement and guidance by the doctor 
administering the questionnaire. Of the 44 women who chose 
PFT, 67% cited lack of invasiveness and low risk as the main 
reasons. Ten percent wanted to avoid a possible cesarean section 
in the event of a subsequent pregnancy. Of those who chose the 
TVT, the predominant reasons were failed home pelvic fl oor 
exercises (25%), the minimal invasiveness of the TVT (23%), and 
the early discharge and recovery associated with this procedure 
(29%) compared with colposuspension. Of those who chose col-
posuspension, the most common reason (50%) was that it 
sounded more permanent than the TVT.

Forty-two percent of women said that their physicians did not 
discuss treatment options. Patients who stated that their physi-
cians discussed only physiotherapy (N = 20) chose this treatment 
in 80% of cases. In contrast, those whose physicians discussed 
only surgery (N = 6) chose PFT in only 17% of cases. Similarly, 
of seven patients who indicated they knew of friends who were 
happy with their surgical treatment, six chose a surgical option. 
Among 19 women whose physicians did not discuss treatment 
and who did not hear about friends’ choices, 74% chose PFT, 
which was not signifi cantly different to the overall PFT. There 
were 38 (58%) who wanted to ask a question. The most common 
question was “What does the doctor think is best for me?” (23%). 
The investigators concluded that making a decision based purely 
on factual information is diffi cult for many women. However, 
when given standardized, unbiased information, 33% of women 
bypassed PFT and chose surgery, citing failed home pelvic fl oor 
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training, minimal invasiveness, and fast recovery as the predo-
minant reasons for TVT and the long-lasting effect for colposus-
pension. Two thirds of women chose PFT, citing low risk as the 
main reason. These are informed choices based on standardized 
information sheets, and they may suggest that women choosing 
surgical options have a speedier course to surgery. Whether in an 
era of informed choice women choosing surgery should be per-
mitted to bypass PFT is beyond the scope of this study, but it is 
a matter for debate. The infl uences on women’s preferences are 
unclear, but it may be that women whose physicians or friends 
emphasize one treatment are likely to come to urogynecology 
units with predetermined preferences and are likely to choose 
that option.

INTRAVAGINAL RESISTANCE DEVICES AND 
ANTI-INCONTINENCE DEVICES

Many devices—mainly air- or water-infl ated balloons or perine-
ometers—operate on the same principle. After the device is 
inserted into the vagina, the patient is asked to contract the pelvic 
fl oor muscles. Rhe device then is pulled out of the vagina with a 
pulley system that applies gradually increasing force.

Vaginal cones were developed by Plevnik in 1985114 as a new 
method to allow patients to train the pelvic fl oor musculature on 
a daily basis at home, without the need for a physiotherapist. This 
simple concept uses a set of cones ranging from 20 to 100 g that 
are inserted into the vagina. When the patient stands and walks 
around, the cones tend to slip out of the vaginal ring, giving a 
sensation of falling out that results in a pelvic fl oor muscle con-
traction. After the patient can hold the 20-g cone in the vagina 
for 20 minutes on two separate occasions, the next heaviest cone 
is used.

This pelvic fl oor muscle contraction is carried out through 
refl ex activation of the sensory afferent fi bers of the pudendal and 
pelvic nerves. The activation occurs when vaginal wall mechani-
cal tension receptors are activated and stimulate the pelvic fl oor 
muscles by pudendal nerve efferents mediated through an S2-S4 
sacral cord refl ex. This technique has the advantage of forcing the 
patient to contract only the pelvic fl oor muscles and not other 
groups of muscles, such as the abdominal or gluteal muscles, 
which are often contracted simultaneously during voluntary 
pelvic fl oor exercises. A single trial compared PFMT in combina-
tion with cones with PFMT alone and found signifi cant improve-
ment in both groups, with almost identical cure rates (84.5% and 
85.5%).115 PFMT alone seems to be as effective as PFMT com-
bined with biofeedback, intravaginal resistance devices, or elec-
trical stimulation. Many physiotherapists use these other 
techniques as adjunct treatments for genuine SUI or mixed 
incontinence.116

Devices that are used to manage urinary stress incontinence 
work by the following mechanisms:

■ External urinary collection
■ Intravaginal support of the bladder neck
■ Blockage of urinary leakage by occlusion at the external meatus 

or with an intraurethral insert

Indications for anti-incontinence devices include the 
following:

■ Initial or long-term management of urinary incontinence
■ As an adjunct to conservative therapy, such as PFMT

■ To postpone or avoid surgery
■ After other forms of therapy have failed

These devices may allow women to resume a normal level of 
activity or to participate in sports without the need for surgery. 
Various degrees of manual dexterity are required, depending on 
the type of device used. External collecting devices are cumber-
some and do not have documented effi cacy. Intravaginal devices 
are familiar to most women because they are similar to sanitary 
tampons. They are easy to use and can be worn for longer periods 
without being removed to allow micturition. These features make 
them practical for everyday use, and they reduce the cost of treat-
ment. Intraurethral devices may be diffi cult to insert and can 
cause urethral irritation, urinary tract infection, hematuria, and 
migration to the bladder. They must be removed to allow voiding, 
making them expensive for daily use. Various external occlusive 
devices are available, some of which can be reapplied after voiding 
and reused for up to 1 week. However, long-term effi cacy and 
safety data have not been reported.

POSTOPERATIVE RECOMMENDATIONS

Changing a person’s behavior, environment, or lifestyle can miti-
gate or reduce symptoms (i.e., urine leakage or incontinence, 
urgency, frequency, and nocturia), even after anti-incontinence 
surgery. The main reason for these postoperative recommenda-
tions is that most of the causes that lead to urinary stress in-
continence remain the same after surgery. Patients can be divided 
into two categories: those who still have the same lifestyle 
(group 1) and those who present with high-risk factors for pelvic 
fl oor dysfunction (group 2). Group 1 patients present with dif-
ferent conditions, such as smoking, bad dietary habits, obesity, 
or constipation. Group 2 patients include active women who 
wish to practice high-impact sports after surgery,  Repetitive 
bouncing can increase abdominal pressure and transmit the 
impact to the bladder. Because urinary stress incontinence occurs 
during physical exertion, this condition represents a major 
problem for women participating in fi tness programs or sports 
activities and is probably a cause of relapse after surgery. Other 
patients who are at risk after surgery work in a standing position 
and are obliged to lift heavy loads during the day. This movement 
may place these women at risk for urine loss due to increased 
intra-abdominal pressure and an increased gravity load.

Interventions include lifestyle changes (e.g., cessation of 
smoking, weight reduction, elimination of dietary bladder irri-
tants, adequate fl uid intake, bowel regulation, moderation of 
physical activities, and exercises), toileting programs (e.g., habit 
training, prompted voiding), and bladder retraining through 
PFMEs. From our current knowledge about the effect of PFMT, 
specifi c training programs should be recommended as the fi rst 
treatment choice. The perineal blockage technique or the Knack 
appears to be an adjunctive modality for pelvic fl oor rehabilita-
tion and can be proposed for active women. The impact of care-
fully instructed pelvic fl oor exercises on sports-related 
incontinence does not have the same benefi cial effect as on the 
normal female population.

CONCLUSIONS

PFMEs and visits to a physiotherapist seem to help to preserve 
the results of surgery for several years and prevent a relapse of 
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SUI. Many physicians13 think that conservative therapy should be 
the fi rst choice for treatment of SUI.

Electrical stimulation should be used for women not able to 
contract their pelvic fl oor muscles. Electrical stimulation applied 
once each week is not enough when a patient is unable to identify 
her pelvic fl oor muscles or if the purpose is to activate motor 
units and increase pelvic fl oor muscle function in cases of SUI. 
Electromyographic biofeedback is very important at the begin-
ning of therapy and in the follow-up period, and it is highly 
reproducible and reliable in the assessment of pelvic fl oor muscle 
activity.118 It makes it easier for the therapist to teach isolated 
pelvic fl oor muscle contraction, facilitates goal setting, and helps 
the patient to maintain good motivation. It also can detect dif-
ferences in strength between the right and left pelvic fl oor 
muscles.12 Several methods have been used to stimulate the stri-
ated muscles of the pelvic fl oor, including the levator ani, external 
urethral sphincter, and external anal sphincter. Correction of 

continence with electrical stimulation has been achieved with 
various techniques, with results showing an increased urethral 
closure.

Many studies demonstrate that PFMEs, biofeedback, and 
weighted vaginal cones and balls are an effective combination for 
treatment of female SUI, even in the long term. Electrical stimu-
lation should be used for women who are not able to identify 
their pelvic fl oor muscles or if support is needed to back up home 
exercises. For optimal results, appropriate instruction for using 
pelvic fl oor muscles correctly in a standing position, motivation, 
and follow-up are essential. There is a need for long-term studies 
to identify optimal therapy modes and common management 
strategies for female SUI. The conventional fi rst-line treatment 
for urinary stress incontinence is conservative. However, in an 
era of informed choice, some women have shown a preference 
for surgery. Treatment preferences are infl uenced by their physi-
cians’ information, hearsay, and social factors.
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Chapter 29

SELECTING THE BEST SURGICAL 
OPTION FOR THE TREATMENT OF 
STRESS URINARY INCONTINENCE
Michael Edward Albo

The number of surgical procedures available to treat stress incon-
tinence continues to grow, complicating the process of choosing 
which procedure should be performed on which patient. The 
surgeon and patient expect that the procedure chosen will be the 
one that provides the highest degree of effi cacy with the least 
amount of morbidity. Do certain patients have better outcomes 
or less morbidity with one surgical treatment or another, and is 
their evidence to support the decision?

The American Urological Association’s guidelines for the 
surgical treatment of stress urinary incontinence, published in 
1997 by Leach and colleagues,1 were developed from meta-
analyses of the incontinence literature through 1996. The report 
made recommendations for the surgical treatment of stress 
urinary incontinence (SUI) in an index patient, defi ned as a 
woman with uncomplicated SUI who is undergoing her fi rst 
incontinence surgery and who has no concomitant morbidities. 
The guidelines state that for short-term effi cacy, any of the four 
classes of procedures evaluated were acceptable but found that 
the Burch colposuspension and pubovaginal sling had better 
long-term outcomes.1 These guidelines predate the arrival of 
the mid-urethral sling, the development of alternative allogenic 
and xenograft sling materials, and the use of laparoscopy in the 
treatment of incontinence, and they are in the process of being 
updated.

The guidelines may not be relevant for patients who have any 
of several complicating factors, including women who have 
undergone multiple incontinence procedures or who have mixed 
urinary incontinence symptoms, concomitant prolapse, or a host 
of other medical comorbidities that may affect the effi cacy and 
safety of a given procedure. To achieve the goal of maximal 
effi cacy with minimal morbidity in nonindex women, we must 
look beyond the guidelines to other criterion. This chapter looks 
at a number of nonindex patients and reviews the literature 
supporting the use of one procedure or another for the treatment 
of stress incontinence. It discusses the reasons for choosing a 
procedure for certain patients, even when the evidence is not 
available. It also presents an algorithm for matching procedures 
with patients.

CHOOSING AN INCONTINENCE PROCEDURE

Several factors infl uence the choice of a surgical procedure that 
is most appropriate for a given patient. These factors include the 
pathophysiology of the incontinence (e.g., sphincter dysfunction 
or anatomic incontinence), the presence of mixed urinary 

incontinence symptoms, a history of incontinence surgery, or the 
need for concomitant prolapse surgery. Specifi c medical comor-
bidities, such as such as the patient’s age, obesity, estrogen status, 
preexisting voiding dysfunction, history of pelvic irradiation or 
neurologic disease, may also play a role in the decision. Clinicians 
have preferences for one procedure over another based on their 
training and clinical experience. Patients also have certain values 
or opinions that can factor into which procedure they are willing 
to undergo. Some patients are risk averse and seek the operation 
with the longest track record. Others are willing to forgo long-
term data for a newer procedure that offers less short-term 
morbidity.

Evidence based-medicine is founded on the premise that ther-
apeutic decisions for medical and surgical conditions use fi ve 
levels of scientifi c evidence.2,3 Level 1 evidence is derived from 
meta-analyses of randomized, clinical trials or a single, good-
quality randomized, clinical trial. Level 2 evidence is derived 
from meta-analyses of prospective cohort studies. Level 3 evi-
dence is gained from good-quality case-control studies, level 4 
evidence comes from high-quality case series, and level 5 evi-
dence is derived from expert opinion. Although the ideal is to 
look for the highest level of evidence, this may not exist for some 
decisions. When Leach and coworkers1 performed their meta-
analysis in 1996, they remarked on the paucity of level 1 evidence 
in the incontinence literature. Downs and Black’s review4 of the 
incontinence literature also highlighted this problem. Since these 
reviews, there have been efforts to improve the quality of studies 
in the incontinence fi eld. A number of randomized, clinical trials 
have assessed outcomes for various procedures performed for the 
treatment of SUI.5,6

Unfortunately, it remains diffi cult to fi nd adequately powered 
randomized, clinical trials or cohort studies assessing the differ-
ences between two procedures in any of the subgroups of incon-
tinence patients who are thought to be at a higher risk for failure 
or complications. Most data are from analyses of subgroups 
within larger series. These are usually retrospective analyses or 
studies that were not designed to look at those subpopulations, 
and consequently, they are underpowered to identify signifi cant 
differences. When we try to compare the results from different 
studies, we are hindered by the lack of standardized defi nitions 
and outcomes measures. Recommendations in the literature for 
how to treat a given high-risk patient population are based on 
level 4 and 5 evidence consisting of case-control series and expert 
opinion. The subsequent discussion looks at the evidence in the 
literature regarding how these factors may infl uence the choice 
of procedure performed.

327
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INTRINSIC URETHRAL DYSFUNCTION

Historically, the presence of intrinsic urethral dysfunction (ISD) 
has been a critical factor in deciding which procedure to perform 
for the treatment of SUI. The party line has been that patients with 
ISD should be identifi ed and treated differently from patients 
without ISD. This was based on a number of studies suggesting 
that patients with ISD did not do as well with standard bladder 
neck suspensions as they did with sling procedures. This concept 
has become at best controversial and at worst irrelevant in the past 
few years for a number of reasons. First, there is a lack of agree-
ment on the defi nition of ISD. It has been defi ned in a variety of 
ways, including maximal urethral closure pressure (MUCP) less 
than 20 cm H2O, Valsalva leak point pressure (VLPP) less than 
60 cm H2O, or an open bladder neck identifi ed on cystourethrog-
raphy. Attempts to show correlations between these defi nitions 
have been unsuccessful, preventing comparison of studies that 
used different defi nitions.7,8 Second, the measurement tools used 
to diagnose ISD have been plagued by poor standardization and 
poor correlation with physiologic parameters. Third, even when 
similar defi nitions are used, there are confl icting results with 
regard to whether and how ISD relates to outcomes of stress 
incontinence therapy. Weber9,10 critically assessed MUCP and 
VLPP as diagnostic tests and found that both fall short with regard 
to standardization, reproducibility, and predictive value for out-
comes. Nevertheless, studies reporting on the difference in out-
comes between those with or without ISD have had a signifi cant 
impact on how patients have been treated in over the past 20 to 
30 years. It is useful to look at some of this literature to understand 
how we got from there to where we are today.

Sand and colleagues11 published a retrospective analysis in 
1987 of patients who had undergone Burch colposuspension and 
found that those who had an MUCP less than 20 cm H2O had 
lower success rates than those with higher MUCPs (82% versus 
46%).11 At the same time, other investigators were reporting good 
success rates in women with type III incontinence who had 
undergone pubovaginal sling procedures.7,12 Subsequent reports 
documented the long-term success rates of the pubovaginal sling 
in patients regardless of the presence or absence of ISD defi ned 
by VLPP. Chaikin and coworkers13 reported an overall long-term 
cure rate of 73% for pubovaginal sling procedures in 251 women 
with types I, II, or III stress incontinence. Morgan and associ-
ates14 described 247 women who had undergone autologous 
pubovaginal sling procedures. Continence rates were 91% for 
type II and 84% for type III incontinence. Hassouna and 
Ghoniem15 assessed long-term cure rates with questionnaires in 
women who had undergone a sling procedure for ISD. They 
found a 78% cure rate in this population at a mean follow-up of 
3 to 4 years. Zaragoza16 reported 60 consecutive pubovaginal sling 
procedures in women with type II or type III incontinence and 
found a 95% continence rate at 2 years. These kind of results, 
coupled with the belief that there were two distinct types of stress 
incontinence, led to a widely held view that patients with ISD 
should undergo pubovaginal sling procedures rather than Burch 
colposuspension or needle suspension procedures, which should 
be reserved for women with hypermobility and no ISD.

The data on ISD and its association with outcomes have been 
less convincing. Culligan and Sand17 compared the long-term 
results for modifi ed Burch and pubovaginal sling procedures in 
women with a low-pressure urethra (MUCP < 20 cm H2O). 
Thirty-six women with urodynamic stress incontinence, a 
low-pressure urethra, urethral hypermobility, and no signifi cant 

pelvic organ prolapse were randomly assigned to undergo a mod-
ifi ed Burch procedure (n = 19) or sling placement (n = 17). The 
investigators did not demonstrate any difference between the 
Burch and pubovaginal sling procedures in subjective cure rates 
at 3 months (90% versus 100% respectively) or at 6 years of 
follow-up (93% and 84% respectively). Long-term objective cure 
rates were also similar for the two groups (84.6% versus 100%). 
The statistical power of this study was compromised by the unex-
pectedly high success rates of the Burch colposuspension.17 Maher 
and colleagues18 performed a retrospective review on a subgroup 
of 45 women (21 Burch and 24 pubovaginal sling procedures) 
with low preoperative MUCPs from a larger trial comparing 
outcomes between Burch and pubovaginal sling procedures. 
Subjective outcomes were based on a visual analogue scale, with 
patients rating an improvement of 8 or higher on a scale of 1 to 
10 considered to be cured and with objective outcome based on 
the presence of stress incontinence verifi ed by urodynamic study 
(UDS). The groups were similar in age, body mass index (BMI), 
parity, presence of hypermobility, and history of previous pelvic 
surgery. There were no statistically signifi cant differences in out-
comes, although there was a trend for higher success rates in the 
Burch colposuspension group compared with the pubovaginal 
sling in all categories: subjective (90% versus 71%; P = .12), 
patient-determined visual analogue score (76% versus 67%; P = 
.22), and objective success (67% versus 50%; P = .26). Complica-
tions were higher in the pubovaginal sling group (5% versus 25%; 
P = .06).18 One criticism of this paper is that the success rates for 
slings are lower than has been reported in most sling series. The 
investigators have suggested that it may refl ect that urge incon-
tinence was included in the defi nition of failure, whereas other 
studies did not include it. This underscores the need for similar 
outcome measures to compare results of studies.

Several studies have looked at the success rates of tension-free 
vaginal tape (TVT) procedures in patients with a so-called bad 
urethra or ISD. None of these studies provides more than level 3 
or 4 evidence, and none compares TVT procedures with other 
procedures. Some of the studies suggest women fare worse if they 
have ISD, whereas other studies report no difference. Rezapour 
and colleagues19 analyzed data from their series of 400 women 
who had undergone TVT procedures and identifi ed a subgroup 
of women with MUCPs less than 20 cm H2O. This group had a 
lower cure rate (74%) compared with previously reported cure 
rates for the general population (85% to 90%). When they per-
formed a multivariate analysis of the bad urethra group, they 
found the worst cure rates in a subpopulation of women who 
were older, had an immobile urethra, and had low resting 
MUCPs.19 Kulseng-Hanssen20 demonstrated more severe post-
operative incontinence after TVT procedures in women with 
MUCPs less than 20 cm H2O. Paick and coworkers21 performed 
a retrospective analysis of their data from 221 patients who had 
undergone TVT procedures. They divided the patients into two 
groups: VLLP more than 60 (n = 160) and VLPP less than 60 
(n = 61). At the 6-month follow-up, subjective and objective 
cure rates were 93% and 82% (P = .013).21

Several investigators have suggested that urodynamically defi ned 
ISD does not correlate with TVT outcomes. Fritel and associates22 
compared patients with MUCPs less than 20 cm H2O to those with 
MUCP more than 20 cm H2O who had undergone TVT proce-
dures. They reported objective cure rates of 80% and 85%, respec-
tively. Rodriquez and colleagues23 analyzed their prospective series 
of distal polypropylene slings and found no differences in outcomes 
based on urodynamically defi ned incontinence.
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There is no evidence suggesting that there is a difference in 
outcomes between the transobturator approach to the mid-
urethral sling (TMUS) and the retropubic approach to the mid-
urethral sling (RMUS) for patients with ISD. Mellier and 
associates24 retrospectively looked at 52 patients with ISD defi ned 
by an MUCP less than 30 cm H2O who had undergone a TMUS 
procedure (n = 26) or a TVT procedure (n = 26). They did not 
see any difference in outcomes.24 This study is signifi cantly 
limited by the nonconcurrence of the procedures and a limited 
telephone response rate of only 75%.24

Urethral injections of various bulking agents have been used 
to treat ISD, and the data confi rm the effectiveness in this group. 
Herschorn and coworkers25 reported long-term follow-up with 
collagen that did not differ signifi cantly when subanalyzed for 
urethral function. Not many studies have compared the overall 
effectiveness directly with that of standard incontinence proce-
dures. Success rates for collagen are generally lower than those 
obtained by most series of anti-incontinence surgery, but these 
results may improve if a longer-lasting bulking agent is devel-
oped. Given the signifi cant differences in effi cacy and safety 
between collagen and pubovaginal sling procedures, an ade-
quately designed study to compare the two on multiple levels 
would be a welcome addition to the literature. With the advent 
of minimally invasive slings, a randomized, clinical trial compar-
ing urethral injection with mid-urethral sling would also be 
helpful. Until this is done, the bulking agents are an option for 
women who do not want surgery or are not candidates for a 
surgical procedure.

In summary, although it makes sense that a poorly function-
ing urethra causes more severe incontinence and may be more 
diffi cult to repair, there is little evidence demonstrating that one 
procedure is superior to another in treating this population. The 
tools used to assess urethral function have not been subjected to 
adequate analysis with regard to their ability to represent changes 
in urethral function and how that change correlates with clinical 
symptoms. To answer the question this chapter poses, whether 
ISD is a variable that should direct our choice of procedures, we 
need to compare specifi c procedures in a standardly defi ned 
group of patients with ISD in a properly designed randomized 
trial.

URETHRAL HYPERMOBILITY

The so-called fi xed urethra was associated with severe inconti-
nence and poor urethral function even before the urodynamic 
defi nitions for ISD were created. Incontinence in the absence of 
hypermobility was interpreted as an indicator of poor urethral 
function. There is controversial evidence regarding the relation-
ship between Burch colposuspension outcomes and the presence 
or absence of hypermobility. However, there is increasing evi-
dence in the TVT literature suggesting that patients with hyper-
mobility have better outcomes after TVT procedures than those 
with a fi xed urethra.22,26 Fritel found that success of TVT corre-
lated positively with the amount of preoperative hypermobility. 
Patients were divided into three groups based on hypermobility 
defi ned by cystourethrography: more than 60 degrees, 30 to 60 
degrees, and less than 30 degrees. Success rates after TVT proce-
dures were 97% for patients with more than 60 degrees of hyper-
mobility, 86% for patients with 30 to 60 degrees of hypermobility, 
and 70% for those with less than 30 degrees of hypermobility. 
The lowest success rates were for women with previous surgery 

and no urethral hypermobility (68%).22 There are two theories 
about this fi nding. The fi rst is that the mechanism by which TVT 
cures SUI is urethral kinking during increases in pelvic pressure 
that occurs due to a downward movement of the urethra against 
the fi xed mesh of the TVT. The second possible explanation is 
that a fi xed urethra needs external compression to increase the 
resistance. The tension-free sling, by defi nition, does not place 
any compression on the urethra. A comparison of mid-urethral 
sling approaches is needed to investigate whether this is also true 
of the TMUS procedures.

Transurethral injections were initially indicated only for 
patients without evidence of hypermobility. Subsequently, a 
number of studies have shown them to be equally effective in 
patients with hypermobility.25

In summary, although there is no level 1 evidence document-
ing the superiority of pubovaginal sling or Burch procedures over 
the mid-urethral sling in patients with immobile urethras, there 
is level 3 and 4 evidence to suggest that the tension-free mid-
urethral sling is less effective in patients with an immobile urethra 
than it is in patients with evidence of hypermobility.

RECURRENT STRESS INCONTINENCE

Patients who have had a previous anti-incontinence procedure 
have lower success rates and higher morbidity with subsequent 
procedures. The reasons include a higher incidence of ISD, 
increased age of the patients and scarring in the retropubic space. 
Other confounding variables include the type of procedure the 
patient had previously undergone. A study looking into compli-
cations of TVT after Burch colposuspension is not necessarily 
going to provide information on the safety and effi cacy on per-
forming a TVT after a failed TVT. Comparison of results is dif-
fi cult given the various outcome measures used in different 
studies.

The only level 1 evidence that compares two procedures for 
this subgroup of patients is from a prospective, randomized study 
comparing the Burch colposuspension with the Lyodura sling in 
the management of women with recurrent urinary stress incon-
tinence and in whom the only previous continence procedure 
was anterior repair.27 Although the objective success rates for the 
Burch colposuspension (86%) and the pubovaginal sling (92%) 
were similar, the incidence of detrusor instability and voiding 
diffi culty was signifi cantly greater after sling procedures (29%) 
compared with Burch colposuspensions (10%). The meta-
analyses by Black and Downs4 identifi ed no difference in out-
comes between the Burch and sling procedures when performed 
as secondary procedures. However, they acknowledged that the 
number of studies was limited and that all had low power to 
detect signifi cant differences.4 Thakar and associates28 reported 
on a prospective, cross-sectional, observational study of 56 
women who had undergone a secondary Burch colposuspension 
for recurrent stress incontinence. At 4 years, the median subjec-
tive cure rate was 71%, and the objective cure rate was 80%. They 
did not compare these patients with a cohort of women who were 
undergoing a primary Burch colposuspension.28

Nilsson and Kuuva29 performed a retrospective review of their 
TVT series. They reported equivalent outcomes for patients 
undergoing TVT as primary or secondary procedures. However, 
they reported twice as many bladder perforations in the 
secondary group.29 Rardin and colleagues30 performed a retro-
spective, multicenter study of 245 women who had undergone 
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TVT procedures; 157 patients had primary procedures, and 88 
patients had failed previous surgical treatment. At a mean follow-
up of 38 weeks, the cure rates were 87% and 85%, respectively. 
The bladder perforation rates were similar, although overall com-
plication rates were higher in the secondary procedure group 
(7.6% versus 4.5%).30 In 2001, Tamussino and coworkers31 
reviewed the data from the Austrian registry for 2795 patients 
who had undergone TVT procedures. They reported bladder 
perforation rates twice as high for patients who had previous 
surgery (4.4% versus 2%).31 Haab and colleagues32 found per-
foration rates of 30% for patients with a history of incontinence 
surgery and 2.1% for patients with no such history. Because none 
of these studies included patients who had undergone primary 
TVT procedures, it remains unclear whether similar results would 
be obtained for women undergoing repeat TVT procedures.

Several investigators have tried to control for the confounding 
variables that can affect outcomes of patients undergoing repeat 
surgical repairs. In a selected group of patients that excluded 
patients with low VLPPs and concomitant prolapse repairs, 
Rezapour33 reported cure rates of 82% for women with recurrent 
SUI who underwent TVT.

Transurethral injection therapy and the TMUS procedures 
have the advantage of avoiding the retropubic space, and there-
fore may prevent bladder injuries in patients at higher risk for 
complications due to retropubic scarring from previous proce-
dures. Gorton and associates34 assessed the long-term outcomes 
of periurethral collagen injections. The number of previous con-
tinence operations did not seem to affect the outcome after 
bulking agents. The transobturator approach has not been ade-
quately evaluated with regard to long-term incontinence out-
comes or complications.

In summary, there is no level 1 evidence suggesting that 
patients with recurrent stress incontinence should undergo one 
procedure versus another. Most studies suggest lower effi cacy or 
an increased complication rate in this patient population, but few 
have controlled for the confounding variables potentially respon-
sible for the worse outcomes. The higher morbidity rate among 
patients who have had previous surgery, especially with regard to 
bladder perforation with TVT procedures, is reason to further 
investigate the TMUS procedures. Ultimately, the patient with a 
history of previous surgery may be a more complicated patient 
who requires preoperative evaluation aimed at identifying the 
reason for the failure and defi ning the type of incontinence 
causing the patient’s symptoms.

MIXED INCONTINENCE

The literature suggests that patients who present with mixed 
incontinence preoperatively can have both resolution or worsen-
ing of their urge-type symptoms after surgical procedures for 
SUI. Persistent urge incontinence is cited as one of the most 
common reasons for patient dissatisfaction after surgery for SUI. 
A number of studies have shown that patients expect their urge 
symptoms to improve (Mallet VTM, for the Urinary Incon-
tinence Treatment Network, personal communication, 2005). 
Several studies have looked at risk factors for worsening of urge 
incontinence and urge symptoms. There have been no random-
ized, clinical trials to assess whether one procedure is better than 
another for patients with mixed symptoms. The existing data are 
limited to level 3 and 4 evidence, and comparisons between 
studies are hindered by the lack of standardized defi nitions for 
urgency and urge incontinence symptoms.

To illustrate the point on how defi nitions can infl uence 
outcome data, we can refer to the two reports by Chaikin and 
colleagues13 and Chou and coworkers35 on patients with mixed 
urinary incontinence. They reported in 1998 that patients with 
mixed urinary incontinence do worse than patients with pure 
SUI after a pubovaginal sling procedure.13 In 2003, the same 
investigators, using a slightly different defi nition for mixed 
urinary incontinence, reported similar outcomes for patients 
with mixed incontinence compared with those with pure stress 
incontinence after pubovaginal sling procedures. They evaluated 
131 women, 46 of whom had pure stress incontinence and 52 of 
whom had mixed urinary incontinence identifi ed by symptoms 
or on UDS. The 12-month follow-up using the Urinary Inconti-
nence Outcome Score (UIOS) (i.e., 24-hour diary, pad test, and 
questionnaire) demonstrated no difference in rates of cure or 
improvement (97% versus 93%).35 Several investigators have 
demonstrated a difference in cure rates depending on the type of 
detrusor overactivity identifi ed on preoperative urodynamics. 
The latest publication was a report by Schrepferman and col-
leagues.36 They looked at 70 patients with mixed urinary incon-
tinence identifi ed by UDS who underwent autologous pubovaginal 
sling procedures and found that patients with low-pressure 
involuntary detrusor contractions did better than patients with 
high-pressure involuntary detrusor contractions and those with 
sensory urgency (91.3% versus 27.8% and 39.3%).36

The TVT literature reports 42% to 100% improvement or 
cure rates for urgency and urge incontinence. The only compara-
tive trials of TVT procedures with other procedures did not show 
a difference in outcomes for patients with preoperative mixed 
urinary incontinence.6,37,38 The Hilton trial, although not powered 
to look for a difference in this subgroup, reported similar rates 
of de novo urge incontinence.6,38 Rezapour and coworkers39 ret-
rospectively analyzed a subgroup of 80 patients from their overall 
TVT series who had urodynamic evidence of preoperative over-
activity. At the 4-year follow-up, this group had outcomes similar 
to those for the group as a whole, with 85% considered cured of 
incontinence (defi ned as a 24-hour pad test result of less than 
10 g, a negative cough stress test result, and more than 90% 
improvement in quality of life). No studies have been powered 
to show a difference between the TMUS and RMUS procedures 
for patients with mid-urethral slings. Even the TMUS case-
controlled series do not have suffi cient numbers of patients to 
assess the difference in outcomes between those with pure SUI 
and those with mixed urinary incontinence.

Overall, we continue to lack information on the best form of 
therapy for the mixed urinary incontinence patient population. 
There are insuffi cient data to recommend a specifi c procedure 
when performing SUI surgery, and we do not know which 
patients should have surgery at all. Postoperative urge inconti-
nence remains one of the most signifi cant reasons for persistent 
incontinence and patient dissatisfaction. It reinforces the concept 
that the distinction is not one that most patients make, even 
when they are advised on what to expect from SUI surgery. As 
clinicians, we must take more time to educate the patients about 
their expectations and continue to evaluate methods for identify-
ing those at the highest risk for failure.

VOIDING DYSFUNCTION

Most incontinence procedures can cause some element of 
obstruction and can lead to urinary retention or dysfunctional 
voiding.40,41 These possibilities prompted concern that women 
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who demonstrate evidence of voiding dysfunction preoperatively 
may have worsening of their symptoms or end up in urinary 
retention postoperatively. Investigators have tried to identify 
specifi c patient populations at increased risk and whether one 
procedure may be more likely to cause postoperative voiding 
problems. Various results are reported in the literature, and they 
are limited by nonstandardized defi nitions of voiding dysfunc-
tion and different outcome measures for assessing voiding dys-
function. All of the following have been used in creating a 
defi nition of voiding dysfunction: patient-reported symptoms, 
elevated postvoid residual volume, use of a catheter, and any of 
several UDS parameters, including abnormal fl ow rate, abnormal 
fl ow pattern, high-pressure voiding, absence of detrusor pressure 
during voiding, electromyographic activity during voiding, and 
augmentation or substitution of the detrusor pressure with 
abdominal pressure during voiding. Another signifi cant limita-
tion is the timeframe after surgery during which voiding is 
assessed or treatment is initiated. Studies vary in defi ning urinary 
retention from 2 days to 6 weeks postoperatively.

The American Urological Association guidelines reported a 
slightly higher risk for obstruction in patients who had under-
gone sling procedures.1 Bhatia and Bergman42 cited a 12-fold 
increase in urinary retention after Burch procedures for women 
who had detrusor pressures less than 15 cm H2O during voiding. 
Iglesia and associates43 retrospectively reviewed their series of 
50 women who had undergone pubovaginal sling procedures 
between 1994 and 1996 and compared women who had pre-
operative Valsalva-induced voiding with a group of women who 
had non–Valsalva-induced voiding. They defi ned patients with 
Valsalva-induced voiding as those who exhibited a more than 
10 cm increase in abdominal pressures during a pressure-fl ow 
study. They found a lower objective success rate (46% versus 
83%; P = .011) and longer duration in postoperative catheteriza-
tion (median, 23 days versus 14 days; P = .049) in the 13 Valsalva-
induced voiders compared with the 35 non–Valsalva-induced 
voiders.4

Kobak and colleagues44 demonstrated higher rates of retention 
or prolonged time to adequate voiding after bladder neck suspen-
sion procedures for patients who had preoperative, urodynami-
cally defi ned evidence of poor detrusor function or Valsalva 
augmentation during voiding. Miller and associates45 performed 
a retrospective review of 73 patients who had undergone pubo-
vaginal sling procedures between 1998 and 2000 in an attempt to 
identify preoperative, urodynamically defi ned factors that could 
predict postoperative voiding dysfunction. They identifi ed four 
patients with urinary retention and nine who met their criterion 
for delayed return to voiding. The only predictor of urinary 
retention was voiding without a detrusor contraction during 
pressure-fl ow studies. The risk factor for delay in return to 
voiding was the postvoid residual volume.45 Lo46 assessed symp-
toms, urofl ow, postvoid residual volume, and pressure-fl ow 
study results and found no change in the maximal fl ow rate, 
postvoid residual volume, or urethral pressure profi le for cured 
or improved patients after TVT procedures. Sokol and col-
leagues47 found no association between preoperative subjective 
or objective voiding parameters and time to adequate voiding 
after a TVT procedure. Some investigators have theorized that 
the TMUS procedures may be less obstructive because the sling’s 
position under the urethra is at a less acute angle. This has yet to 
be confi rmed by any level of evidence.

In summary, although any incontinence procedure is poten-
tially obstructing and there may be subpopulations at increased 
risk for obstruction or voiding dysfunction postoperatively, there 

is no scientifi c evidence to support one procedure over the other 
based on preoperative voiding parameters. More work is required 
to standardize the defi nition of voiding dysfunction and the tools 
used to assess the subjective and objective parameters used to 
defi ne the problem.

CONCOMITANT SURGICAL PROCEDURES

Incontinence frequently is associated with other pelvic fl oor dys-
function. The realization that the entire pelvic fl oor should be 
assessed when evaluating patients with urinary incontinence has 
led to signifi cant improvements in treating both disorders. Mul-
tiple studies suggest that concomitant surgery does not affect 
outcomes of patients compared with outcomes for patients not 
having concomitant surgery. No studies have randomized patients 
undergoing pelvic fl oor surgery to one incontinence procedure 
or another. Cross and coworkers48 looked at 42 women who 
underwent pubovaginal sling procedures concomitantly with a 
grade III and IV cystocele repair. Thirty-six patients returned for 
a mean follow-up of 12 months, and four required a subsequent 
procedure for recurrent SUI. In 2003, Lo46 conducted a literature 
review and found six publications that provided suffi cient detail 
to assess differences in outcomes for patients undergoing a TVT 
procedure and concomitant prolapse surgery. Overall, there was 
little difference in outcomes between the two groups.46 Meschia 
and colleagues49 reported similar cure rates and no increase in 
morbidity for the patients undergoing a TVT procedure and 
prolapse repair compared with those undergoing a TVT proce-
dure alone.49 There is still no agreement on whether the TVT 
procedure should be performed before or after the prolapse 
repair is complete or whether it should be done through a sepa-
rate vaginal incision.

In summary, there is no level 1, 2, or 3 evidence suggesting 
that one procedure is better than another in women who are 
undergoing concomitant prolapse repair. Several case-control 
series suggest it is not a factor in outcomes. This decision more 
than others is likely to be determined by the clinician’s prefer-
ence. Some clinicians advocate performing a Burch colposuspen-
sion in patients who undergo an abdominal prolapse repair 
because the abdomen is already open. The minimally invasive 
techniques may lose some of their advantages with regard to 
length of hospital stay and postoperative discomfort because the 
prolapse repair usually is the more morbid of the procedures. 
These recommendations are based solely on physicians’ 
preferences.

CHARACTERISTICS AFFECTING 
ANTI-INCONTINENCE SURGERY

Age

Increasing age is associated with many of the previously discussed 
variables that are thought to affect outcomes in stress inconti-
nence surgery. The elderly are known to be at greater risk for 
morbidity with any surgery. Nevertheless, the choice of proce-
dures for the elderly should be based on the same goals as for the 
population as a whole: to maximize effi cacy and minimize 
morbidity.

A number of investigators have performed subanalyses of 
larger series based on patients’ ages. Outcomes generally appear 
to be less favorable and the complications more frequent. Gillon 
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and Stanton50 reported similar effi cacy but longer hospital stay 
and higher perioperative morbidity in elderly women who under-
went Burch procedures. Karantanis and colleagues51 looked at a 
group of elderly women (>65 years) who were matched to a 
younger cohort for BMI, parity, mode of anesthesia, and whether 
it was a primary or secondary continence procedure. Exclusion 
criteria included mixed symptoms and concomitant prolapse 
surgery. The investigators demonstrated lower satisfaction rates 
for incontinence outcomes in the elderly group. At a median of 
12 months, 15 (45%) older versus 24 (73%) younger women had 
no urinary symptoms (P = .05).51 Other reports are primarily 
observational and did not match the patients for other variables. 
Sevestre and associates52 reported a 70% cure rate for a group of 
76 women after a mean of 2 years. Rezapour and colleagues19 
demonstrated that women older than 70 years with a low MUCP 
and no hypermobility had a lower success rates with TVT proce-
dures than women not fi tting these criteria. Two studies have 
suggested no difference for outcomes in the elderly. Lo and 
coworkers26 performed an observational study of 45 older women 
who had undergone TVT procedures and reported a 90% cure 
rate with a low rate of morbidity.42 Carey and associates53 com-
pared women older than 80 years with those younger than 80 
and found no difference in outcomes for procedures using the 
cadaveric fascia sling. Herschorn and colleagues25 reported no 
difference in outcomes of transurethral collagen injections 
based on age.

In summary, most case-control series of older women dem-
onstrate lower effi cacy and higher morbidity, but there is no 
evidence that this is specifi c to the type of procedure performed. 
Age is associated with a higher incidence of other factors affecting 
the outcome and morbidity of the treatment, and only when a 
multivariate analysis is performed are we able to determine defi n-
itive correlations. If someone is not a candidate for surgical 
therapy because of comorbidities, it is irrelevant whether a Burch 
colposuspension is as effective as a TVT procedure. The deciding 
factor is which procedure the patient can tolerate given her 
comorbidities.

Body Mass Index

Some studies suggest that obese patients have worse outcomes 
and higher complication rates with traditional surgical proce-
dures for stress incontinence,54,55 although others have not found 
obesity to affect outcomes.56-61 The transobturator procedures are 
being promoted as less morbid procedures in obese women 
because the abdomen can be completely avoided. This idea has 
not been substantiated. Although there is no level 1 evidence 
comparing procedures in patients with high BMIs, a number of 
published studies have looked at the safety and effi cacy of the 
mid-urethral sling in this population.

Chung and colleagues56 retrospectively compared the effi cacy 
and safety of the TVT and laparoscopic Burch procedures in 
treating genuine SUI in obese patients. They described 91 con-
secutive cases of TVT alone or TVT combined with other proce-
dures from April 1999 to March 2000 and 51 consecutive cases 
of the laparoscopic Burch procedures from January 1998 to Feb-
ruary 1999. They found no difference in the outcomes based on 
BMI.56 Mukherjee and Constantine59 compared the subjective 
cure rates for TVT procedures at 6 months in three groups of 
women: BMI of 30 or more (n = 87), BMI of 25 to 29 (n = 98), 
and BMI less than 25 (n = 58). They reported similar cure rates 
for all three groups.59 Zivkovic and coworkers61 retrospectively 

reviewed the 5-year outcome data from 187 of 291 patients who 
had undergone various procedures for stress incontinence. 
Patients were separated into similar groups by BMI: BMI of 30 
or more (n = 42), BMI of 25 to 29 (n = 90), and BMI less than 
25 (n = 55). They also reported no difference in effi cacy among 
the BMI groups, although they had only 26% power to show a 
signifi cant difference because of the sample size.61 Rafi i and col-
leagues60 reported a series of 187 patients who had undergone 
TVT procedures and who were separated into the three groups 
according to BMI: BMI of 30 or more (n = 86), BMI of 25 to 29 
(n = 62), and BMI less than 25 (n = 39). No differences were 
detected in the persistence of stress incontinence or the complica-
tion rate. Statistically signifi cant differences were seen in the rate 
of urge incontinence between fi rst group (3.4%) and the second 
group (6.4%) and third group (17.9%).60

The 2000 review of obesity and stress incontinence therapy by 
Cummings and Rodning58 is still relevant. They concluded that 
“although intuitively and experimentally such procedures are 
technically more diffi cult, outcome data reported to date justifi es 
recommending them as the standard of care.”58 In summary, 
although patients with higher BMIs may have higher overall risks 
associated with surgery and although the mid-urethral sling pro-
cedures may theoretically reduce these risks with less anesthetic 
and surgical time, there are no data to support selecting a proce-
dure based only on BMI.

Neurogenic Bladder

The therapeutic approach to the neurogenic patient must be 
based on an understanding of how her neurologic disease plays 
a role in the symptoms and the role it may play afterward. These 
patients have the potential for higher morbidity after surgical 
treatment of SUI, including voiding dysfunction, urinary reten-
tion, or de novo urge incontinence. The implications of a lower 
success rate or higher morbidity on the patient’s quality of life 
are more profound then in the non-neurogenic patient. Preop-
erative UDS plays a signifi cant role in this group of patients as a 
plan is developed. They all are at risk for postoperative urinary 
retention requiring catheterization to empty the bladder. It is 
therefore important to assess their ability and willingness to do 
so. Documentation of urodynamic overactivity may make post-
operative management of urge symptoms easier.62 There is no 
specifi c evidence to suggest one procedure over another based 
solely on the presence of neurologic disease. The potential need 
for intermittent catheterization may reduce the effi cacy with col-
lagen. Use the artifi cial urinary sphincter may be considered in 
this group of patients.

History of Pelvic Radiation Therapy

Patients who have previously undergone radiation therapy have 
a number of confounding variables that may affect the outcomes 
and morbidity of stress incontinence procedures. Irradiated 
tissue has reduced elasticity and vascularity. The patients are 
more likely to have an immobile urethra and lower urethral 
resistance because of atrophy and decrease submucosal vascular-
ity. The use of synthetic material, although not contraindicated, 
may have a higher rate of complications because of urethral or 
vaginal wall erosion. The need to add compression to a fi xed 
urethra as describe previously may preclude the use of synthetic 
material due to the added tension that must be place on the sling. 
The higher incidence of detrusor overactivity or small-capacity 
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bladder must be assessed before increasing urethral resistance. 
There are no studies in the literature specifi cally looking at this 
challenging group of patients.

Plans for a Future Pregnancy

The usually recommendation from most clinicians is that patients 
should wait until they completed their childbearing years before 
undergoing a repair procedure for SUI.63,64 The TVT product 
label states that the desire to have children is a contraindication 
to placement of the TVT. If they have undergone a procedure, 
they may be advised to undergo a cesarean section as the mode 
of delivery. A survey of European urogynecologists asked clini-
cians what type of procedure they would do for a woman who 
expressed interest in having more children.63 Seventy-eight 
percent said they would offer treatment if the patient expressed 
interest, but 91% would offer cesarean section to women who 
were continent at the time of delivery. Although most would offer 
the woman a surgical option, many would not perform a TVT 
procedure, and most would advise cesarean section as the method 
of delivery. Urethral injection therapy is also an option in this 
population. There are few published data to guide the clinician 
in this area. In all cases, the patient needs to be informed about 
the potential risks.

HOW AND WHEN TO INCLUDE A NEW PROCEDURE

New procedures are being developed rapidly in this fi eld, but we 
should remember that there are procedures with documented 
effi cacy and safety that are considered the gold standards in 
incontinence surgery. Deviation from these established proce-
dures should be based on clearly outlined advantages in achieving 
better effi cacy or less morbidity and demonstrated with high level 
of evidence. As clinicians, we must remain committed to study-
ing these procedures before widespread use is accepted When 
that evidence is lacking but clinical experience suggests a benefi t 
exists for our patients, we must demand that the properly designed 
studies be performed to assess the procedure or product. We 
must make sure our patients understand what we know about a 
new procedure when we counsel them about which procedure is 
best for them.

The fastest-growing procedure for incontinence is the TMUS. 
Although it addresses an important concern of many clinicians 
and educators regarding the RMUS—the potential morbidity 
associated with passing a trocar blindly into the retropubic 
space—it has not undergone suffi cient evaluation to recommend 
it for widespread use, even in subpopulations of women with 
SUI. The RMUS sling has produced a signifi cant body of litera-
ture over the past 10 years, with more than 250 articles posted 
on PubMed. It has been compared with one of the gold standards 
in incontinence surgery, the Burch colposuspension, in a well-

designed trial intreating incontinence surgery and found to be 
equally as effective.6 Before the TMUS procedure can be con-
sidered interchangeable with the RMUS procedure, which has 
been in use for 8 years and has hundreds of articles published in 
the international literature on its safety and effi cacy, the TMUS 
procedures must be subjected to a rigorous comparison. This 
procedure must continue to undergo evaluation in properly 
designed trials before it can be accepted as a standard option in 
our surgical armamentarium for the treatment of SUI.

The following algorithm for choosing an incontinence proce-
dure is based on the information provided in this chapter.

Retropubic mid-urethral sling: for the otherwise healthy woman 
who is bothered by predominant SUI and desires surgical 
therapy, exhibits hypermobility on examination (i.e., Q-tip 
resting or straining angle > 30 degrees), has postvoid resid-
ual volume of less than 100 mL, with or without the need 
for concomitant prolapse surgery, regardless of the follow-
ing urodynamic study parameters: VLPP, detrusor over-
activity, or voiding mechanism

Urethral bulking agent: for the poor operative candidate
Transobturator mid-urethral sling (after discussing paucity of 

data with patient): for those at high risk for retropubic scar-
ring or with a history of multiple procedures

Autologous pubovaginal sling or urethral bulking agent: for 
those at high risk for erosion, with a history of radiation 
therapy, with an immobile urethra, or with acute urethral 
syndrome

Urinary diversion: for a woman with a neurogenic bladder or 
severely incompetent urethra

Burch colposuspension or mid-urethral sling : for those under-
going simultaneous abdominal prolapse repair

CONCLUSIONS

Despite having many options for treating SUI, we still have in-
suffi cient evidence to recommend which procedure will have 
the greatest effi cacy and least morbidity to specifi c patient 
populations. To make more evidence-based decisions on which 
procedure to perform in which patients, we must randomize 
similar groups of patients to undergo different procedures. Until 
we have the results of those trials, we must continue to rely 
on case report series and theoretical reasons for our decisions. 
Ultimately, the most important tool we have as clinicians is 
the individualized assessment of and conversation with each 
patient. This approach includes a thorough history and physical 
examination that evaluates the neurologic and anatomic con-
dition of the pelvic fl oor and the patient’s comorbidities. These 
data are combined with our understanding of the mechanism by 
which a given procedure resolves incontinence to guide the 
choice of procedure.

References

 1. Leach GE, Dmochowski RR, Appell RA, et al: Female stress urinary 
incontinence clinical guidelines panel summary report on surgical 
management of female stress urinary incontinence. J Urol 158:875-
880, 1997.

 2. Canadian Task Force on the Periodic Health Examination: The peri-
odic health exam. Can Med Assoc J 121:1193-1254, 1979.

 3. Meakins JL: Innovation in surgery: The rules of evidence. Am J Surg 
183:399-405, 2002.

 4. Black NA, Downs SH: The effectiveness of surgery for stress incon-
tinence in women: A systematic review. Br J Urol 78:497-510, 1996.

 5. Valpas A, Kivela A, Penttnen J, et al: Tension-free vaginal tape and 
laparoscopic mesh colposuspension in the treatment of stress urinary 

Ch029-X2339.indd   333 1/31/2008   2:22:57 PM



334 Section 5 STRESS INCONTINENCE

incontinence: immediate outcome and complications—A random-
ized clinical trial. Acta Obstet Gynecol Scand 82:665-671, 2003.

 6. Ward K, Hilton P: Prospective multi-center randomized trial of 
tension-free vaginal tape and colposuspension as primary treatment 
for stress incontinence. Br Med J 325:789-790, 2002.

 7. McGuire EJ, Fitzpatrick CC, Wan J: Clinical assessment of urethral 
sphincter function. J Urol 1993; 150:1452-1454.

 8. Swift SE, Ostergard DR: A comparison of stress leak-point pressure 
and maximal urethral closure pressure in patients with genuine 
stress incontinence. Obstet Gynecol 85:704-708, 1995.

 9. Weber AM: Is urethral pressure profi lometry a useful diagnostic test 
for stress urinary incontinence? Obstet Gynecol Surv 56:720-735, 
2001.

10. Weber AM: Leak-point measurement and stress urinary inconti-
nence: A review. Curr Womens Health Rep 1:45-52, 2001.

11. Sand PK, Bowen LW, Panganiban R, Ostergard DR: The low pres-
sure urethra as a factor in failed retropubic urethropexy. Obstet 
Gynecol 869:399-402, 1987.

12. Blaivas JG, Jacobs BZ: Pubo-vaginal sling for the treatment of com-
plicated stress urinary incontinence. J Urol 145:1214-1218, 1991.

13. Chaikin DC, Rosenthal J, Blaivas JG: Pubovaginal sling for all types 
of stress urinary incontinence: Long-term analysis. J Urol 160:1312-
1316, 1998.

14. Morgan TO Jr, Westney OL, McGuire EJ: Pubovaginal sling: 4-year 
outcome analysis and quality of life assessment. J Urol 163:1845-
1848, 2000.

15. Hassouna ME, Ghoniem GM: Long-term outcome and quality of 
life after modifi ed pubovaginal sling for intrinsic sphincter defi -
ciency. Urology 53:287-291, 1999.

16. Zaragoza MR: Expanded indications for the pubovaginal sling: 
Treatment of type 2 or 3 stress incontinence. J Urol 156:1620-1622, 
1996.

17. Culligan PJ, Goldberg RP, Sand PK: A randomized controlled trial 
comparing a modifi ed Burch procedure and a suburethral sling: 
Long-term follow-up. Int Urogynecol J 14:229-233, 2003.

18. Maher CF, Dwyer PL, Carey MP, Moran PA: Colposuspension or 
sling for low urethral pressure stress incontinence? In Urogyncol J 
10:384-389, 1999.

19. Rezapour M, Falconer C, Ulmsten U: Tension-free vaginal tape 
(TVT) in stress incontinent women with intrinsic sphincter defi -
ciency (ISD)—A long-term follow-up. Int Urogynecol J Pelvic Floor 
Dysfunct 12:S12-S14, 2001.

20. Kulseng-Hanssen S: Success rate of TVT operation in patients with 
low urethral pressure [abstract]. Neururol Urodyn 20:417, 2001.

21. Paick JS, Ku JH, Shin JW, et al: Tension-free vaginal tape procedure 
for urinary incontinence with low Valsalva leak-point pressure. 
J Urol 172:1370-1373, 2004.

22. Fritel X, Zabak K, Pigne A, et al: Predictive value of urethral mobility 
before suburethral tape procedure for urinary stress incontinence in 
women. J Urol 168:2472-2475, 2002.

23. Rodriguez LV, De Almeida F, Dorey F, Raz S: Does Valsalva leak 
point pressure predict outcome after distal polypropylene sling? 
Role of urodynamics in the sling era. J Urol 172:210-214, 2004.

24. Mellier G, Benayed B, Bretones S, Pasquier JC: Suburethral tape via 
the obturator route: Is the TOT a simplifi cation of the TVT? Int 
Urogynecol J 15:227-232, 2004.

25. Herschorn S, Steele DJ, Radomski SB: Follow-up of intraurethral 
collagen injection for female stress urinary incontinence. J Urol 
156:1305-1309, 1996.

26. Lo TS, Huang HJ, Chang CL, et al: Use of intravenous anesthesia for 
tension-free vaginal tape therapy in elderly women with genuine 
stress urinary incontinence. Urology 59:349-353, 2002.

27. Enzelsberger H, Kurz C, Seifert M, et al: Surgical treatment of recur-
rent stress incontinence: Burch versus Lyodura sling operation a 
prospective study. Geburtshilfe Frauenheilkd 53:467-471, 1993.

28. Thakar R, Stanton S, Prodigalidad L, den Boon J: Secondary colpo-
suspension: Results of a prospective study from a tertiary referral 
centre. Br J Obstet Gynaecol 109:1115-1120, 2002.

29. Nilsson CG, Kuuva N: The tension-free vaginal tape procedure is 
successful in the majority of women with indications for surgical 
treatment of urinary stress incontinence. Br J Obstet Gynaecol 
108:414-419, 2001.

30. Rardin CR, Kohli N, Rosenblatt PL, et al: Tension-free vaginal tape: 
Outcomes among women with primary vs. recurrent stress urinary 
incontinence. Obstet Gynecol 100:893-897, 2002.

31. Tamussino K, Hanzel E, Kolle D, et al: The Austrian tension-free 
vaginal tape registry. Int Urogynecol J Pelvic Floor Dysfunct 12(Suppl 
2):S28-S29, 2001.

32. Haab F, Traxer O, Ciofu C: Tension-free vaginal tape: Why an 
unusual concept is so successful. Curr Opin Urol 11:293-297, 
2001.

33. Rezapour M: Tension-free vaginal tape (TVT) in women with recur-
rent stress urinary incontinence—A long term follow-up. Int Uro-
gynecol J Pelvic Floor Dysfunct 12:S9-S11, 2001.

34. Gorton E, Stanton SL, Monga A, et al: Periurethral collagen injec-
tions long-term follow-up. Br J Urol 84:966-971, 1999.

35. Chou EC, Flisser AJ, Panagopoulos G, Blaivas JG: Effective treat-
ment for mixed urinary incontinence with a pubovaginal sling. 
J Urol 170:494-497, 2003.

36. Schrepferman CG, Griebling TL, Nygaard IE, Kreder KJ: Resolution 
of urge symptoms following sling urethropexy. J Urol 164:1628, 
2000.

37. Liapis A, Bakas P, Creatsas G: Burch colposuspension and tension-
free vaginal tape in the management of genuine stress incontinence 
in women. Eur Urol 41:469-473, 2002.

38. Ward K, Hilton P: Prospective multi-center randomized trial of 
tension-free vaginal tape and colposuspension as primary treatment 
for stress incontinence: Two-year follow-up. Am J Obstet Gynecol 
190:324-331, 2004.

39. Rezapour M, Ulmsten U: Tension-free vaginal tape (TVT) in women 
with mixed urinary incontinence—A long-term follow-up. Int Uro-
gynecol J Pelvic Floor Dysfunct 12:S15-S18, 2001.

40. Lukacz ES, Luber KM, Nager CW: The effects of the tension-free 
vaginal tape on voiding function: A prospective evaluation. Into 
Urogynecol J 15:32-38, 2004.

41. Wall LL, Hewitt JK: Voiding function after Burch colposuspension 
for stress incontinence. J Reprod Med 41:161-165, 1996.

42. Bhatia NN, Bergman A: Urodynamic predictability of voiding fol-
lowing incontinence surgery. Obstet Gynecol 63:85-91, 1984.

43. Iglesia CB, Shott S, Fenner DE, Brubaker L: Effect of preoperative 
voiding mechanism on success rate of autologous rectus fascia sub-
urethral sling procedure. Obstet Gynecol 91:577-581, 1998.

44. Kobak W, Walters MD, Piedmont MR: Determinants of urinary 
retention after three types of incontinence surgery: A multivariable 
analysis. Obstet Gynecol 97:86-91, 2001.

45. Miller EA, Amundsen CL, Toh KL, et al: Preoperative urodynamic 
evaluation may predict voiding dysfunction in women undergoing 
pubovaginal sling. J Urol 169:2234-2237, 2003.

46. Lo TS: Tension-free vaginal tape procedures in women with stress 
urinary incontinence with and without co-existing genital prolapse. 
Curr Opin Obstet Gynecol 16:399-404, 2004.

47. Sokol AI, Jelovsek JE, Walters MD, et al: Incidence and predictors 
of prolonged urinary retention after TVT with and without concur-
rent prolapse surgery. Am J Obstet Gynecol 192:1537-1543, 2005.

48. Cross CA, Cespedes RD, McGuire EJ: Treatment results using pubo-
vaginal slings in patients with large cystoceles and stress inconti-
nence. J Urol 158:431-434, 1997.

49. Meschia M, Pifarotti P, Bernasconi F, et al: Tension-free vaginal 
tape: Analysis of outcomes and complications in stress incontinence 
women. Int Urogynecol J 12(Suppl 2):S24-S27, 2001.

50. Gillon G, Stanton SL: Long-term follow-up of surgery for urinary 
incontinence in elderly women. Br J Urol 56:478-481, 1984.

51. Karantanis E, Fynes MM, Stanton SL: The tension-free vaginal tape 
in older women. Br J Obstet Gynaecol 111:837-841, 2004.

52. Sevestre S, Ciofu C, Deval B, et al: Results of the tension-free vaginal 
tape techniques in the elderly. Eur Urol 44:128-131, 2003.

Ch029-X2339.indd   334 1/31/2008   2:22:57 PM



 Chapter 29 SURGICAL OPTIONS FOR STRESS URINARY INCONTINENCE 335

53. Carey J, Leach G: Transvaginal surgery in the octogenarian using 
cadaveric fascia for pelvic prolapse and stress incontinence: Minimal 
one-year results compared to younger patients. Urol 63:665-670, 
2004.

54. Dwyer PL, Lee ET, Hay DM: Obesity and urinary incontinence in 
women. Br J Obstet Gynaecol 95:91-96, 1988.

55. O’Sullivan DC, Chilton CP, Munson KW: Should Stamey colposus-
pension be our primary surgery for stress incontinence? Br J Urol 
75:457-460, 1995.

56. Chung MK, Chung RP: Comparison of laparoscopic Burch and 
tension-free vaginal tape in treating stress urinary incontinence in 
obese patients. JSLS 6:17-21, 2002.

57. Cummings JM, Boullier JA, Parra RO: Surgical correction of stress 
incontinence in morbidly obese women. J Urol 160:754-755, 1998.

58. Cummings JM, Rodning CB: Urinary stress incontinence among 
obese women: Review of pathophysiology therapy. Int Urogynecol 
J 11:41-44, 2000.

59. Mukherjee K, Constantine G: Urinary stress incontinence in obese 
women: Tension-free vaginal tape is the answer. Br J Urol Int 
88:881-883, 2001.

60. Rafi i A, Darai E, Haab F, et al: Body mass index and outcome of 
tension-free vaginal tape. Eur Urol 43:288-292, 2003.

61. Zivkovic F, Tamussino K, Pieber D, Haas J: Body mass index and 
outcome of incontinence surgery. Obstet Gynecol 93:753-756, 
1999.

62. Hamid R, Arya M, Patel HRH, Shah PJR: Experience of tension-free 
vaginal tape for the treatment of stress incontinence in females with 
neuropathic bladders. Spinal Cord 41:118-121, 2003.

63. Arunkalaivanan A, Barrington J: Questionnaire-based survey on 
obstetricians’ and gynaecologists’ attitudes towards the surgical 
management of urinary incontinence in women during their 
childbearing years. Eur J Obstet Gynecol Reprod Biol 108:85-93, 
2003.

64. Davila GW, Ghoniem GM, Kapoor DS, Contreras-Ortiz O: Pelvis 
fl oor dysfunction management practice patterns: A survey of 
members of the International Urogynecological Association. Int 
Urogynecol J 13:319-325, 2002.

Ch029-X2339.indd   335 1/31/2008   2:22:57 PM



Chapter 30

OUTCOME MEASURES FOR 
PELVIC ORGAN PROLAPSE
Lynn Stothers

Developers of outcome measures for pelvic organ prolapse are 
faced with the diffi cult task of addressing a wide range of symp-
toms from the bowel, bladder, and uterus. Historically, instru-
ments were developed that addressed a single organ, but they 
have progressed to validated tools that include information relat-
ing to all three organs. The modern tools should be completed 
as part of the patient’s medical record, along with the physical 
examination and diagnostic tests. They can be performed before 
and after medical or surgical treatment. They are an essential part 
of the clinician’s and researcher’s tools in partnership with diag-
nostic tests.

This chapter describes commonly used validated tools devel-
oped specifi cally for women with pelvic organ prolapse and related 
symptoms. The instruments can be broadly classifi ed as those that 
quantify and stage prolapse and those that quantify the range of 
symptoms associated with prolapse. Some scales, such as the 
Pelvic Organ Prolapse Questionnaire (POP-Q),1 provide a means 
of accurately describing the position of the organs relative to one 
another and the amount of relative descent of each of the organs. 
Others provide a means of assessing the wide range of urinary 
tract, bowel, sexual, pain, and quality-of-life symptoms related to 
prolapse. Some symptom scales are comprehensive measures that 
try to address all symptoms resulting from bowel, bladder, and 
uterine prolapse. Others are focused scales that ask detailed ques-
tions about a single complex, such as sexual dysfunction.

QUANTIFYING AND STAGING PROLAPSE

Historically, outcome measures for pelvic organ prolapse were 
single-organ instruments that required supplementation with 
diagnostic tests for accuracy and reproducibility. For example, 
the degrees of a cystocele could be staged using a standing-voiding 
cystourethrogram. To be accurate over time, these scales required 
repetition of the diagnostic tests to maintain the accuracy of the 
staging through the patient’s treatment and follow-up. More 
commonly, staging is done by physical examination alone, 
without the benefi t of diagnostic tests. When physical examina-
tion of the patient with prolapse is done, the clinician can only 
speculate about which organs may be included in the prolapse in 
the descent of the anterior or posterior vaginal wall or the top of 
the vault. In this situation, the terms anterior vaginal wall prolapse 
and posterior vaginal wall prolapse are more appropriate than the 
terms cystocele or rectocele.

Researchers and clinicians recognized the need for a more 
comprehensive staging system that included all the pelvic organs. 
Although some of the older scales, such as the traditional four-
stage classifi cation system,2 are still in limited use, the POP-Q is 
the most widely recognized internationally.3-6

Pelvic Organ Prolapse Questionnaire

The POP-Q provides a descriptive and quantifying system for the 
relative position of the organs within the pelvis and enables 
objective staging of pelvic prolapse. The system, adapted from 
several classifi cations by Baden and Walker,7 was developed by 
the International Continence Society Committee on Standardisa-
tion of Terminology, Subcommittee on Pelvic Organ Prolapse 
and Pelvic Floor Dysfunction, in collaboration with the 
American Urogynecologic Society and the Society of Gynecologic 
Surgeons.1 The POP-Q system arose from the efforts of the 
committee to develop a terminology standardization document. 
The original document was drafted in 1993 and refi ned in 1994. 
In 1994, it underwent a 1-year review and trial, during which 
time several minor revisions were made.

Reproducibility studies for the POP-Q were conducted 
in six centers in the United States and Europe, documenting 
interobserver and intraobserver reliability and clinical utility of 
the system in 240 women.8-12 Interobserver reliability was studied 
in 48 women with a mean age of 61 ± 14 years, parity of 3 ± 2, 
and weight of 74 ± 31 kg. Correlations for each of the nine 
measurements (r = 0.817, 0.895, 0.522, 0.767, 0.746, 0.747, 
0.913, 0.514, and 0.488) were highly signifi cant (P = 0.0008 to 
<0.0001). Staging and substaging were reported to be highly 
reproducible (taub = 0.702 and 0.652, respectively). In 69% of 
subjects, the stages identifi ed were identical, and in the re-
mainder, they did not vary by more than one stage among 
observers. Intraobserver reliability was studied in 25 women. 
Correlations (r) for the nine measurements were 0.780, 0.934, 
0.765, 0.759, 0.859, 0.826, 0.812, 0.659, and 0.431. The position 
of the subject during measurement was found to affect staging, 
with upright examinations refl ecting greater prolapse. Staging 
and substaging were reported to be highly reproducible (taub 
= 0.712 and 0.712, respectively). In 64% of subjects, the stages 
identifi ed were identical, and in the remainder, they did not vary 
by more than one stage. All variation was increased in the upright 
position.12 The standardization studies were done in the English 
language, and the standardization document was formally 
adopted by the International Continence Society in October 
1995.

The Pelvic Organ Prolapse Questionnaire 
Descriptive System

The POP-Q descriptive system allows the clinician to quantify 
precisely a woman’s pelvic support without assigning a severity 
value; to make accurate, site-specifi c observations of the stability 
or progression of prolapse over time; and to accurately describe 
outcome of surgical repair. The system uses six reference points 
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(Fig. 30-1) and a 3 × 3 grid (Fig. 30-2) for recording a quantitative 
description of pelvic organ support.

The POP-Q descriptive system uses the hymen as the best 
available fi xed point of reference that can be consistently and 
precisely identifi ed. Six points—two on the anterior vaginal wall, 
two in the superior vagina, and two on the posterior vaginal 
wall—are located with reference to the plane of the hymen. The 
anatomic positions of the six points are recorded as centimeters 
above or proximal to the hymen (negative number) or centime-
ters below or distal to the hymen (positive number), with the 
plane of the hymen recorded as 0.

Points Aa and Ba are located on the anterior vaginal wall. 
Point Aa (range, −3 to 3 cm relative to the hymen) is located in 
the midline of the anterior vaginal wall 3 cm proximal to the 
external urethral meatus. This point corresponds to the approxi-
mate location of the urethrovesical crease, a landmark that is 
obliterated in many patients. Point Ba (−3 cm in the absence of 
prolapse) represents the most distal or dependent position of any 
part of the upper anterior vaginal wall from the vaginal cuff or 
anterior vaginal fornix to point Aa. In women with total post-
hysterectomy vaginal eversion, point Ba has a positive value equal 
to the position of the cuff.

Figure 30-1 Six sites used for pelvic organ support quantitation 
(points Aa, Ba, C, D, Bp, and AP), genital hiatus (gh), perineal 
body (pb), and total vaginal length (tvl). (From Bump RC, 
Mattiasson A, Bo K, et al: The standardization of terminology 
of female pelvic organ prolapse and pelvic fl oor dysfunction. 
Am J Obstet Gynecol 175:10-17, 1996.)

Figure 30-2 Three-by-three grid for recording a 
quantitative description of pelvic organ support. (From 
Bump RC, Mattiasson A, Bo K, et al: The standardization of 
terminology of female pelvic organ prolapse and pelvic fl oor 
dysfunction. Am J Obstet Gynecol 175:10-17, 1996.)
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Two points on the superior vagina represent the most proxi-
mal locations of the lower reproductive tract in a normal posi-
tion. Point C represents the most distal or dependent edge of the 
cervix or the leading edge of the vaginal wall cuff (i.e., hysterec-
tomy scar) after total hysterectomy. Point D represents the loca-
tion of the posterior fornix or pouch of Douglas in a woman who 
still has a cervix and the level of uterosacral ligament attachment 
to the proximal posterior cervix. It is helpful in differentiating 
suspensory failure of the uterosacral–cardinal ligament complex 
from cervical elongation (symmetric or eccentric), in which the 
location of point C is signifi cantly more positive than the location 
of point D. Point D is omitted in the absence of the cervix.

There are two points on the posterior vaginal wall. Point Bp 
(−4 cm in the absence of prolapse) represents the most distal or 
dependent position of any part of the upper posterior vaginal wall 
from the vaginal cuff or posterior vaginal fornix to point Ap. In 
a woman with total post-hysterectomy vaginal eversion, point Bp 
has a positive value equal to the position of the cuff. Point Ap 
(−3 to 3 cm relative to the hymen) is located in the midline of 
the posterior vaginal wall 3 cm proximal to the hymen.

The numbers in the descriptive system can be recorded in the 
grid or, more commonly, as a series of numbers (e.g., −2, −2, −6, 
−7, −3, −3, 10, 3, 2), which represents clinical fi ndings for the six 
vaginal points relative to the hymen and the total vaginal length 
(tvl), genital hiatus, and perineal body. The position of the patient 
during measurement should be documented, because the upright 
position potentially increases the stage of the descent.

Pelvic Organ Prolapse Questionnaire Staging System

The POP-Q system includes a staging method for quantifying 
prolapse for the purpose of describing and comparing popula-
tions, evaluating symptoms related to prolapse, and assessing and 
comparing the results of treatment options:

Stage 0: No prolapse is demonstrated. Points Aa, Ap, Ba, and 
Bp are all at −3 cm, and point C or D is between −tvl and 
−tvl-2 cm (i.e., the quantitation value for point C or D is less 
than or equal to tvl-2 cm). Figure 30-3 demonstrates stage 0.

Stage I: The criteria for stage 0 are not met, but the most distal 
portion of the prolapse is more than 1 cm above the level of 
the hymen (i.e., its quantitation value is less than −1 cm).

Stage II: The most distal portion of the prolapse is less than or 
equal to 1 cm proximal to or distal to the plane of the hymen 
(i.e., its quantitation value is more than or equal to −1 cm but 
less than or equal to 1 cm).

Stage III: The most distal portion of the prolapse is more than 
1 cm below the plane of the hymen but protrudes no further 
than 2 cm less than the total vaginal length in centimeters (i.e., 
its quantitation value is more than 1 cm but less than 
tvl-2 cm). Figure 30-4A demonstrates stage III Ba, and Figure 
30-4B demonstrates stage III Bp prolapse.

Stage IV: Essentially, complete eversion of the total length of the 
lower genital tract is demonstrated. The distal portion of the 
prolapse protrudes to at least tvl-2 cm (i.e., its quantitation 
value is more than tvl-2 cm). In most instances, the leading 
edge of stage IV prolapse is the cervix or vaginal cuff scar. 
Figure 30-3A demonstrates stage IV C prolapse.

The POP-Q systems provide an excellent means of staging and 
describing an individual patient’s anatomy. However, they do not 
provide the whole picture of what is happening to the patient 
unless considered along with symptom scores and a quality-of-
life index.

OUTCOME MEASURES FOR 
PROLAPSE-RELATED SYMPTOMS

Pelvic organ prolapse can involve symptoms from one or more 
organs, including the uterus or cervix, bowel, and bladder and 
their supporting anatomic structures. The clinician needs to con-
sider a range of symptoms, from obstructive symptoms to incon-
tinence, sexual dysfunction, and pain, keeping in mind that the 
alleviation of specifi c symptoms can be of greater or lesser impor-
tance to an individual patient.

Two studies looked at patient-centered and patient-selected 
goals for pelvic organ prolapse repair.13,14 The goals of patients in 
a study by Elkadry and colleagues13 included improvement or 

Figure 30-3 A, Grid and line diagram of complete 
eversion of the vagina. The most distal point of the 
anterior wall (point BA), the vaginal cuff scar (point 
C), and the most distal point of the posterior wall 
(point Bp) are all at the same position (8), and 
points Aa and Ap are maximally distal (both at 3). 
Because total vaginal length equals maximum 
protrusion, this is stage IV prolapse. B, Normal 
support. Points Aa and Ba and points Ap and Bp 
are all −3 because there is no anterior or posterior 
wall descent. The lowest point of the cervix is 8 cm 
above hymen (−8), and the posterior fornix is 2 cm 
above this (−10). Vaginal length is 10 cm, and the 
genital hiatus and perineal body measure 2 and 
3 cm, respectively. This represents stage 0 support. 
(From Bump RC, Mattiasson A, Bo K, et al: The 
standardization of terminology of female pelvic 
organ prolapse and pelvic fl oor dysfunction. Am J 
Obstet Gynecol 175:10-17, 1996.).
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relief of urinary incontinence (58%), pelvic organ prolapse 
(53%), general health or lifestyle (50%), activity (44%), urgency 
or frequency (12%), sexual function (11%), and urinary reten-
tion (6%). In a study by Hullfi sh and coworkers,14 patients identi-
fi ed additional goals, including improvements in bowel symptoms, 
activity level, social relationships (including sexual activity), self-
image, and physical appearance. Elkadry and colleagues13 found 
that objective cure, defi ned as no urodynamic stress incontinence 
and stage 0 or 1 prolapse, was not related to patient satisfaction, 
emphasizing the need to evaluate other outcomes.

Several quality-of-life scales have been developed specifi cally 
for pelvic organ prolapse conditions. The scales usually cover a 
broad range of symptoms, such as activities of daily living; 
urinary, sexual, and bowel function; and pain. In addition to 
these comprehensive scales, there are more focused scales for 
urinary symptoms, sexual function, and pain. Incontinence, a 
symptom frequently associated with pelvic organ prolapse and 
often evaluated using the stress, emptying, anatomic, protection, 
and instability (SEAPI) test domains for the score.15,16

Quality of Life

Urogenital Distress Inventory and 
Incontinence Impact Questionnaire
Commonly used, condition-specifi c, validated quality-of-life 
measures for pelvic organ prolapse, the Urogenital Distress 
Inventory (UDI) and the Incontinence Impact Questionnaire 
(IIQ), were fi rst described by Shumaker and colleagues.17 The 
shorter versions, the UDI-6 and the Urge UDI, have also been 
described.18,19 FitzGerald and coworkers20 evaluated the sensitiv-
ity of the UDI and IIQ to changes in clinical status after surgery 
for genuine stress incontinence or pelvic organ prolapse. Of 34 
patients surgically treated for pelvic organ prolapse, 31 (90%) 
were subjectively cured of their prolapse symptoms. Mean IIQ 

and UDI scores were lower for patients who were subjectively 
continent.20 The UDI and IIQ have been used alone or in com-
bination in several studies of outcome after surgical repair for 
prolapse.21-23 The two questionnaires can be obtained by contact-
ing the Women’s Health Center of Excellence, Wake Forest 
University Baptist Medical Center, Winston-Salem, NC (http://
www.wfubmc.edu/women/whcoe_iiq_udi_instrument.htm).

Pelvic Floor Distress Inventory and 
Pelvic Floor Impact Questionnaire
The Pelvic Floor Distress Inventory (PFDI) and Pelvic Floor 
Impact Questionnaire (PFIQ),24 which incorporate the UDI and 
IIQ, were developed because of the frequent coexistence and 
complex interaction of pelvic fl oor disorders. The PFDI, which 
assesses symptom distress in women with pelvic fl oor disorders, 
has three scales: the UDI, the Colorectal–Anal Distress Inventory, 
and the Pelvic Organ Prolapse Distress Inventory (Table 30-1). 
The PFIQ was designed to assess life impact in women with pelvic 
fl oor disorders, and it contains the original IIQ and items related 
to other pelvic fl oor disorders. The PFDI and PFIQ were shown 
to be reliable and valid condition-specifi c, quality-of-life instru-
ments for women with pelvic fl oor disorders.24 The instruments 
are designed for research use and are considered too long to be 
practical for use in clinical practice (completion time of about 23 
minutes in an older population). Short forms have also been 
validated (Figs. 30-5 and 30-6).

A simpler valid and reliable quality-of-life instrument designed 
for use in women with pelvic organ prolapse is the Prolapse 
Quality of Life (P-QOL) questionnaire (Fig. 30-7).25 In testing the 
P-QOL questionnaire, 155 symptomatic and 80 asymptomatic 
women attending gynecology outpatient clinics were asked to 
complete it. There was a strong correlation between severity 
according to the P-QOL result and vaginal examination fi ndings 

Text continued on page 344

Figure 30-4 A, Grid and line diagram of a predominant anterior support defect. The leading point of prolapse is the upper anterior vaginal 
wall, point Ba (6). There is signifi cant elongation of the bulging anterior wall. Point Aa is maximally distal (3), and the vaginal cuff scar is 
2 cm above the hymen (C = −2). The cuff scar has undergone 4 cm of descent because it would be at −6 (total vaginal length) if it were 
perfectly supported. In this example, the total vaginal length is not the maximum depth of the vagina with an elongated anterior vaginal 
wall maximally reduced, but rather the depth of the vagina at the cuff with point C reduced to its normal full extent. This represents stage 
III Ba prolapse. B, Predominant posterior support defect. The leading point of prolapse is the upper posterior vaginal wall, point Bp (5). Point 
Ap is 2 cm distal to the hymen (2), and the vaginal cuff scar is 6 cm above the hymen (−6). The cuff has undergone only 2 cm of descent 
because it would be at −8 (total vaginal length) if it were perfectly supported. This represents stage III Bp prolapse. (From Bump RC, 
Mattiasson A, Bo K, et al: The standardization of terminology of female pelvic organ prolapse and pelvic fl oor dysfunction. Am J Obstet 
Gynecol 175:10-17, 1996.)
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Figure 30-5 The Pelvic Floor Distress Inventory–Short Form 20. (Adapted from the Cleveland Clinic Foundation, Gynecology. Available at 
http://www.surgery.usc.edu/divisions/Cr/makeanappointment.html/ Accessed July 11, 2005.)

Instructions: Please answer these questions by putting an X in the appropriate box. If you are unsure about how to answer a question, give 
the best answer you can. While answering these questions, please consider your symptoms over the past 3 months. Thank you for your help. 

Name: ___________________________________________________________ Date: ______________________________________

1. Do you usually experience pressure in the lower abdomen? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

2. Do you usually experience heaviness or dullness in the pelvic area? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

3. Do you usually have a bulge or something falling out that you can see or feel in the vaginal area? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

4. Do you usually have to push on the vagina or around the rectum to have or complete a bowel movement? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

5. Do you usually experience a feeling of incomplete bladder emptying? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

6. Do you ever have to push up on a bulge in the vaginal area with your fingers to start or complete urination? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

7. Do you feel you need to strain too hard to have a bowel movement? �No �Yes

If other than never, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

8. Do you feel you have not completely emptied your bowels at the end of a bowel movement? �No �Yes

If other than never, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

9. Do you usually lose stool beyond your control if your stool is well formed? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

10. Do you usually lose stool beyond your control if your stool is loose or liquid? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit
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Figure 30-5, cont’d The Pelvic Floor Distress Inventory–Short Form 20. (Adapted from the Cleveland Clinic Foundation, Gynecology. 
Available at http://www.surgery.usc.edu/divisions/Cr/makeanappointment.html/ Accessed July 11, 2005.)

11. Do you usually lose gas from the rectum beyond your control?  �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

12. Do you usually have pain when you pass your stool? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

13. Do you experience a strong sense of urgency and have to rush to the bathroom to have a bowel movement? �No �Yes

If other than never, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

14. Does a part of your bowel ever pass through the rectum and bulge outside during or after a bowel movement? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

15. Do you usually experience frequent urination? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

16. Do you usually experience urine leakage associated with a feeling of urgency, that is a strong sensation of needing to �No �Yes
go to the bathroom?

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

17. Do you usually experience urine leakage related to coughing, sneezing, or laughing? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

18. Do you usually experience small amounts of urine leakage (that is, drops)? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

19. Do you usually experience difficulty emptying your bladder?  �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit

20. Do you usually experience pain or discomfort in the lower abdomen or genital region? �No �Yes

If yes, how much does this bother you?
  �1 �2 �3 �4
  Not at All Somewhat Moderately Quite a bit
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Figure 30-6 Pelvic Floor Impact Questionnaire–Short Form 7. (Adapted from the Cleveland Clinic Foundation, Gynecology. Available at 
http://www.surgery.usc.edu/divisions/Cr/makeanappointment.html/ Accessed July 11, 2005.)

Instructions:  Some women find that bladder, bowel, or vaginal symptoms affect their activities, relationships, and feelings. For each question, 
place an X in the box next to the response that best describes how much your activities, relationships, or feelings have been affected by your
bladder, bowel, or vaginal symptoms or conditions over the past 3 months. Please be sure to mark an answer in all 3 columns for each question.
Thank you  for your cooperation.

How do symptoms or conditions usually affect your: Bladder or urine Bowel or rectum Vagina or pelvis

1. Ability to do household chores (cooking, housecleaning, laundry)? � Not at all � Not at all � Not at all
  � Somewhat � Somewhat � Somewhat
  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

2. Ability to do physical activities such as walking, swimming, � Not at all � Not at all � Not at all
or other exercise? � Somewhat � Somewhat � Somewhat

  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

3. Entertainment activities such as going to a movie or concert? � Not at all � Not at all � Not at all
  � Somewhat � Somewhat � Somewhat
  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

4. Ability to travel by car or bus for a distance greater than � Not at all � Not at all � Not at all
30 minutes away from home? � Somewhat � Somewhat � Somewhat

  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

5. Participating in social activities outside your home? � Not at all � Not at all � Not at all
  � Somewhat � Somewhat � Somewhat
  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

6. Emotional health (nervousness, depression, etc.)? � Not at all � Not at all � Not at all
  � Somewhat � Somewhat � Somewhat
  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

7. Feeling frustrated? � Not at all � Not at all � Not at all
  � Somewhat � Somewhat � Somewhat
  � Moderately � Moderately � Moderately
  � Quite a bit � Quite a bit � Quite a bit

Table 30-1 Items in the Scales and Subscales of the Pelvic Floor Distress Inventory and the Pelvic Floor Disorders 
Impact Questionnaires

Instrument*† Number of Items Instrument Number of Items

Pelvic Floor Distress Inventory 46 total Pelvic Floor Disorders Impact Questionnaire 93 total
Urogenital Distress Inventory 28 total Urinary Impact Questionnaire 31
 Obstructive/discomfort 12 Pelvic Organ Prolapse Impact Questionnaire 31
 Irritative 11 Colorectal Impact Questionnaire 31
 Stress  5  For each of the above:
Pelvic Organ Prolapse Distress Inventory 16 total  Travel  6
 General  7  Social 11
 Anterior  6  Emotional  7
 Posterior  3  Physical activity  6
Colorectal-Anal Distress Inventory 17 total
 Obstructive  3
 Incontinence  4
 Pain/irritation  7
 Rectal prolapse  2

*Some items are used in more than one scale.
†Copies of the questionnaires can be obtained by contacting MD Barber, MHS, 9500 Euclid Avenue A81, Cleveland Clinic Foundation, Cleveland, OH 
44145.
From Barber MD, Kuchibhatla MN, et al: Psychometric evaluation of 2 comprehensive condition-specifi c quality of life instruments for women with 
pelvic fl oor disorders. Am J Obstet Gynecol 185:1388-1395, 2001.

Ch030-X2339.indd   342 1/31/2008   2:23:24 PM



 Chapter 30 OUTCOME MEASURES FOR PELVIC ORGAN PROLAPSE 343

Figure 30-7 Prolapse Quality of Life (P-QOL)–Version 4. (Adapted from Digesu GA, Khullar V, Cardozo L, et al: P-QOL: A validated 
questionnaire to assess the symptoms and quality of life of women with urogenital prolapse. Int Urogynecol J Pelvic Floor Dysfunct 
16:176-181, 2005.)

Prolapse Quality of Life (P-QOL) Version 4

Name _________________________ Age _________ years Today’s date ______________

A prolapse is a bulge coming down the vagina causing discomfort.

PLEASE FILL IN THIS QUESTIONNAIRE EVEN IF YOU FEEL YOU DO NOT HAVE A PROLAPSE.
Please tick one answer to each question.

1. How would you describe your health at present? Very good � Good � Fair � Poor � Very poor �

2. How much do you think your prolapse problem affects your life? None � A little � Moderately � A lot �

Please indicate with a tick mark if you have any of the following symptoms and how much they affect you.

  Not None A little Moderately A lot
  applicable

3. Going to the toilet to pass urine very often. � � � � �
4. Urgency: a strong desire to pass urine � � � � �
5. Urge incontinence: urinary leakage associated with a strong desire � � � � �

to pass urine
6. Stress incontinence: urinary leakage associated with coughing � � � � �
7. Feeling a bulge/lump from or in the vagina � � � � �
8. Heaviness or dragging feeling as the day goes on from the vagina � � � � �

or the lower abdomen
9. Vaginal bulge interfering with you emptying your bowels � � � � �

10. Discomfort in the vagina which is worse when standing and relieved � � � � �
by lying down

11. Poor urinary stream � � � � �
12. Straining to empty your bladder � � � � �
13. Urine dribbles after emptying your bladder � � � � �
14. Bowels do not completely empty after opening � � � � �
15. Constipation: difficulty in emptying � � � � �
16. Straining to open your bowels � � � � �
17. Vaginal bulge which gets in the way of sex � � � � �
18. Lower backache which worsens with vaginal discomfort � � � � �
19. Do you help empty your bowels with your fingers? � � � � �
20. How often do you open your bowels? More than once Once a Once every Once every Once a week or
  a day � day � two days � 3 days � more �

Below are some daily activities that can be affected by your prolapse problem. How much does your prolapse problem affect you? 
We would like you to answer every question. Simply tick the square that applies to you

  None A little Moderately A lot
Role Limitations
21. To what extent does your prolapse affect your household tasks � � � �

(e.g., cleaning, shopping, etc.)?
22. Does your prolapse affect your job or your normal daily activities � � � �
 outside the home?

Physical and Social Limitations
23. Does your prolapse affect your physical activities � � � �

(e.g. going for a walk or run, participating in sports or working out)
24. Does your prolapse affect your ability to travel?  � � � �
25. Does your prolapse limit your social life?  � � � �
26. Does your prolapse limit your ability to see/visit friends? � � � �

  Not applicable None A little Moderately A lot
Personal Relationships
27. Does your prolapse affect your relationship � � � � �

with your partner?
28. Does your prolapse affect your sex life? � � � � �
29. Does your prolapse affect your family life? � � � � �

  None A little Moderately A lot
Emotions
30. Does your prolapse make you feel depressed?  � � � �
31. Does your prolapse make you feel anxious or nervous? � � � �
32. Does your prolapse make you feel bad about yourself? � � � �

Sleep energy Never Sometimes Often All the Time
Does your prolapse affect your sleep? � � � �
Do you feel worn-out/tired? � � � �
How often do you use tampons/pads/firm knickers to help your � � � �
prolapse problem?
How often do you push up the prolapse? � � � �
How often do you have pain or discomfort due to the prolapse? � � � �
Does the prolapse prevent you from standing?  � � � �

Thank you. Please check that you have answered all the questions.
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(P < 0.01, r > 0.5). Total scores for each P-QOL domain were 
signifi cantly different between symptomatic and asymptomatic 
women (P < 0.0001). Interrater reliability on all items was good 
(Cronbach’s alpha > 0.80). Test-retest reliability showed a highly 
signifi cant correlation between the total scores for each domain.

Mouritsen and Larsen26 evaluated patients with pelvic organ 
prolapse using their own validated questionnaire by relating type 
and severity of symptoms from the bladder, mechanical, sexual, 
and bowel domains to bother from the symptoms and to type 
and grade of prolapse measured. The symptoms from all domains 
were common and had little relation to the POP-Q value.

Pain

Pain is a recognized symptom related to pelvic organ prolapse. 
The nature of an individual patient’s pain should be evaluated, 
including vaginal pressure or heaviness, vaginal or perineal pain, 
sensation or awareness of tissue protrusion from the vagina, 
low back pain, abdominal pressure or pain, and observation 
or palpation of a mass.1 Many standardized tools are available 
for the evaluation of pain, but none is specifi c for pelvic organ 
prolapse. The visual analogue scale (Fig. 30-8) has been shown 
to be a reliable tool for measuring pain in urogynecologic 
research.27,28

Bowel Dysfunction

There are no isolated scales specifi cally designed to elicit informa-
tion about bowel dysfunction associated with pelvic organ pro-
lapse. However, there are useful tools included in more 
comprehensive scales, including the Pelvic Floor Impact Ques-
tionnaire–Long Form (PFIQ-L) (Fig. 30-9) and the PFDI Wexner 
(Fig. 30-10).24 These scales include questions related to urgency 
of bowel movements, frequency of bowel incontinence, and 
behavioral techniques that women adopt to reduce the impact of 
bowel dysfunction on quality of life.

Sexual Dysfunction

Pelvic organ prolapse has been strongly associated with sexual 
complaints in studies of women seeking treatment for pelvic 
fl oor disorders. According to a study by Barber and coworkers,29 
pelvic fl oor symptoms and detrusor instability are more 
commonly cited as reasons for sexual inactivity than other 
conditions.

According to Bump and colleagues,1 some of the sexual func-
tion symptoms that should be evaluated include the following 
areas:

■ Is the patient sexually active?
■ If she is not sexually active, why?

■ Does sexual activity include vaginal coitus?
■ What is the frequency of vaginal intercourse?
■ Does the patient have pain with coitus?
■ Is the patient satisfi ed with her sexual activity?
■ Has there been any change in orgasmic response?
■ Is any incontinence experienced during sexual activity?

Several instruments have been designed specifi cally to address 
sexual dysfunction related to pelvic organ prolapse, including the 
long and short versions of the Pelvic Organ Prolapse/Urinary 
Incontinence Sexual Questionnaire (PISQ).

Pelvic Organ Prolapse/Urinary Incontinence 
Sexual Questionnaire
The Pelvic Organ Prolapse/Urinary Incontinence Sexual Ques-
tionnaire (PISQ-31) is the long or research form of a condition-
specifi c, self-administered, valid, and reliable questionnaire 
designed to evaluate sexual function in patients with inconti-
nence or uterovaginal prolapse. In the original study by Rogers 
and associates,30 factor analysis identifi ed three domains—
Behavioral/Emotive, Physical, and Partner-Related—for the 31 
questions. There was a strong correlation between sexual func-
tion scores and scores on the Sexual History Form-12 (SHF-12) 
for the questionnaire (r = −0.74; P < 0.001) and for the Behav-
ioral/Emotive and Partner-Related domains (r = −0.79 and −0.5, 
respectively; P < 0.001). The Physical domain was correlated with 
scores on the IIQ-7 (r = −0.63; P < 0.001). The PISQ, along 
with the IIQ, was used in a study of sexual function after 
surgery for pelvic organ prolapse and showed a decline in 
sexual function scores after surgery despite improvement in IIQ 
scores.21 The questionnaire can be found in the original journal 
article.30

Pelvic Organ Prolapse/Urinary Incontinence 
Sexual Questionnaire
A shorter version of the PISQ-31, the Pelvic Organ Prolapse/
Urinary Incontinence Sexual Questionnaire (PISQ-12) (Fig. 
30-11),31 is less time consuming to complete and therefore 
more appropriate for clinical use. A data subset from 99 of the 
original 182 woman surveyed for the PISQ-31 was used, along 
with data from an additional 46 patients. All subset regression 
analyses with r greater than 0.92 identifi ed 12 items that predicted 
PISQ-31 scores. Short-form scores correlated well with long-
form scores (r = 0.75 to 0.95). Correlations between the short-
form score and other tests such as the IIQ-7, SHF-12, and 
symptom questionnaires scores were similar to correlations 
between the long-form score and these same tests. Test-retest 
reliability using data from 20 patients showed moderate to high 
reliability. A Spanish version of the PISQ-12 also has been 
validated.32

Figure 30-8 The 10-cm visual analogue scales are used for measurement of pain and pain relief. (From Huskisson EC: Measurement of pain. 
Lancet 2:1127-1131, 1974.)

No pain

No pain relief

Pain as bad as it could be

Complete pain relief
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Figure 30-9 Pelvic Floor Impact Questionnaire–Long Version, bowel-related items. (Adapted from the University of Southern California 
Center for Colorectal and Pelvic Floor Disorders. Available at http://www.surgery.usc.edu/divisions/Cr/makeanappointment.html/
Accessed July 11, 2005.)

Instructions: Please answer these questions by putting an X in the appropriate box. If you are unsure about how to answer a question, give the 
best answer you can.

Q1: In general, would you say your health is:
1 � Excellent
2 � Very Good
3 � Good
4 � Fair
5 � Poor

Q2:  For each of the items, please indicate how much of the time the issue is a concern of you due to accidental bowel leakage. If it is a 
concern for you for reasons other than accidental bowel leakage then check the box under Not Apply (N/A).

  Most of Some of A little of None of N/A
Q2. Due to accident bowel leakage: the Time The Time the Time the Time
a. I am afraid to go out 1 2 3 4 �

b. I avoid visiting friends 1 2 3 4 �

c. I avoid staying overnight away from home 1 2 3 4 �

d. It is difficult for me to get out and do things like going to a 
movie or to church 1 2 3 4 �

e. I cut down on how much I eat before I go out 1 2 3 4 �

f. Whenever I am away from home, I try to stay near a restroom as 
much as possible 1 2 3 4 �

g. It is important to plan my schedule (daily activities) around my 
bowel pattern 1 2 3 4 �

h. I avoid traveling 1 2 3 4 �

i. I worry about not being able to get to the toilet in time 1 2 3 4 �

j. I feel I have no control over my bowels 1 2 3 4 �

k. I can’t hold my bowel movement long enough to get to the bathroom 1 2 3 4 �

l. I leak stool without even knowing it 1 2 3 4 �

m. I try to prevent bowel accidents by staying very near a bathroom 1 2 3 4 �

Q3:  Due to accidental bowel leakage, indicate the extent to which you AGREE or DISAGREE with each of the following items. (If it is a 
concern for you for reasons other than accidental bowel leakage then check the box under Not Apply, N/A).

  Strongly Somewhat Somewhat Strongly N/A
Q3. Due to accidental bowel leakage: Agree Agree Disagree Disagree
a. I feel ashamed 1 2 3 4 �

b. I can not do many of things I want to do 1 2 3 4 �

c. I worry about bowel accients 1 2 3 4 �

d. I feel depressed 1 2 3 4 �

e. I worry about others smelling stool on me 1 2 3 4 �

f. I feel like I am not a healthy person 1 2 3 4 �

g. I enjoy life less 1 2 3 4 �

h. I have sex less often than I would like to 1 2 3 4 �

i. I feel different from other people 1 2 3 4 �

j. The possibility of bowel accidents is always on my mind 1 2 3 4 �

k. I am afraid to have sex 1 2 3 4 �

l. I avoid traveling by plane or train 1 2 3 4 �

m. I avoid going out to eat 1 2 3 4 �

n. Whenever I go someplace new, I specifically locate where 
the bathrooms are 1 2 3 4 �

Q4:  During the past month, have you felt so sad, discouraged, hopeless, or had so many problems that you wondered if anything was 
worthwhile?
1 � Extremely so – to the point that i have just about given up
2 � Very much so
3 � Quite a bit
4 � Some – enough to bother me
5 � A little bit
6 � Not at all
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Figure 30-10 Pelvic Floor Distress Inventory–Wexner (Adapted from the Cleveland Clinic Foundation, Gynecology. Available at 
http://www.surgery.usc.edu/divisions/Cr/makeanappointment.html/ Accessed July 11, 2005.)

Figure 30-11 Pelvic Organ Prolapse/Urinary Incontinence Sexual Function Questionnaire (PISQ-12). (Adapted from Rogers RG, Kammerer-
Doak D, Villarreal A, Coates K, Qualls C: A short form of the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire [PISQ-12)]. 
Int Urogynecol J 14:164-168, 2003.)

Incontinence type Never Rarely: Sometimes: Usually: Always:
less than once a less than once a less than once a once a day or
month. week but more day but more than more

than once a month. once a week

Solid 0 1 2 3 4

Liquid 0 1 2 3 4

Gas 0 1 2 3 4

Wears pad 0 1 2 3 4

Lifestyle alterations 0 1 2 3 4

Instruction: Please circle the number that describes the status of your fecal incontinence.

The Pelvic Organ Prolapse/Urinary Incontinence

Sexual Function Questionnaire (PISQ-12)

Instructions: Following is a list of questions about you and your partner’s sex life. All information is strictly confidential. Your confidential 
answers will be used only to help doctors understand what is important to patients about their sex lives. Please check the box that best 
answers the question for you. While answering the questions, consider your sexuality over the past six months. Thank you for your help.

  Always Usually Sometimes Seldom Never

1. How often do you feel sexual desire? This feeling may � � � � �
include wanting to have sex, planning to have sex, 
feeling frustrated due to lack of sex, etc.

2. Do you climax (have an orgasm) while having sexual � � � � �
intercourse with your partner?

3. Do you feel sexually excited (turned on) when having � � � � �
sexual activity with your partner?

4. How satisfied are you with the variety of sexual � � � � �
activities in your current sex life?

5. Do you feel pain during sexual intercourse? � � � � �

6. Are you incontinent of urine (leak urine) with sexual activity? � � � � �

7. Does fear of incontinence (either stool or urine) restrict your � � � � �
sexual activity?

8. Do you avoid sexual intercourse because of bulging in the vagina � � � � �
(either the bladder, rectum or vagina falling out?)

9. When you have sex with your partner, do you have negative � � � � �
emotional reactions such as fear, disgust, shame or guilt?

10. Does your partner have a problem with erections that affects your � � � � �
sexual activity?

11. Does your partner have a problem with premature ejaculation that � � � � �
affects your sexual activity?

12. Compared with orgasms you have had Much less Less Same More Much more
in the past, how intense are the orgasms intense � intense � intensity � intense � intense �
you have had in the past six months?

Scoring: Scores are calculated by totaling the scores for each question with 0 = never, 4 = always. Reverse scoring is used for items 1, 2, 
3, and 4. The short-form questionnaire can be used with up to two missing responses. To handle missing values, the sum is calculated by 
multiplying the number of items by the mean of the answered items. If there are more than two missing responses, the short form no longer 
accurately predicts long-form scores. Short-form scores can only be reported as total or on an item basis. Although the short form reflects 
the content of the three factors in the long form, it is not possible to analyze the data at the factor level. To compare long- and short-form 
scores, multiply the short-form score by 2.58 (12/31).
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CONCLUSIONS

The most comprehensive clinical picture of a patient with pelvic 
organ prolapse includes an anatomic assessment using the POP-
Q (descriptive and staging) and a comprehensive symptom index. 
The clinician may choose to supplement these with an in-depth, 
symptom-specifi c index to document the patient’s perception of 

the impact of treatment on her symptoms. The benefi t of consis-
tent use of a validated, descriptive, and standardized staging 
index is accurate, ongoing documentation of the success or 
failure of treatment for the individual patient, regardless of 
whether management is medical or surgical. It also serves as 
the foundation for communication among clinicians and 
researchers.
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Chapter 31

URETHRAL INJECTABLES IN 
THE MANAGEMENT OF 
STRESS URINARY INCONTINENCE
Ehab A. Elzayat and Jacques Corcos

HISTORICAL BACKGROUND

Urethral bulking agents have been used for many years to treat 
intrinsic sphincter defi ciency. They are minimally invasive alter-
natives to operative procedures such as anterior repairs, suspen-
sions, and urethral slings for the management of stress urinary 
incontinence (SUI). Urethral injection, which can be delivered 
under local anesthesia as an outpatient procedure, is relatively 
safe and has few complications. It is an effective treatment for 
SUI, with complete patient satisfaction comparable to surgery. 
Urethral injection is cost-effective with less operating time and a 
shorter hospital stay compared with more invasive surgery.1,2

The concept of urethral injectables to increase urethral resis-
tance has been known for 70 years. Murless,3 in 1938, was the 
fi rst to report his experience with injection of the sclerosing agent 
sodium morrhuate into the anterior vaginal wall in 20 patients 
to induce an infl ammatory reaction that compressed the urethra 
with sclerosis, leading to destruction of the urethral musculature 
and decreased the compliance of the urethral wall. Quackels,4 in 
1955, injected paraffi n wax perineally in two incontinent patients 
after prostatectomy. Dondren is another sclerosing agent that has 
been used for urethral injection with some success.5

The injection of sclerosing materials such as sodium mor-
rhuate, paraffi n, or Dondren causes unacceptable complications, 
including sloughing of the urethra, urethral stenosis, and pulmo-
nary embolism.5 Polytetrafl uoroethylene (Tefl on) was proposed 
as the fi rst bulking agent by Lopez and colleagues8 in 1964, and 
it became popular in the 1970s.6,7 Since then, several bulking 
agents have been developed, and new ones are being studied. 
Nonautologous substances, such as collagen and hyaluronic 
acid, and autologous substances, such as fat, chondrocytes, and 
muscle, have been employed clinically or are still under investiga-
tion. This chapter reviews the safety and effi cacy of available 
injectable agents for the treatment of female SUI.

MECHANISM OF ACTION OF BULKING AGENTS

The mechanism of continence in urethral injection therapy is 
uncertain and controversial. Many factors enable normal conti-
nence in females, including contraction of the sphincter muscles, 
musculofascial support of the bladder neck, and a urethra seal 
mechanism.8 The functional urethral seal mechanism is probably 
a major contributor to continence because of its ability to increase 
urethral resistance and urethral opening pressure during cough-
ing and straining. Common causes for loss of the urethral seal 

mechanism are scarring from previous operations, birth trauma, 
estrogen deprivation, or pelvic radiotherapy.9 Submucosal ure-
thral injection of bulking materials augments bladder neck length 
and urethral mucosa coaptation and improves the closure mech-
anism of the urethral sphincter in response to increased intra-
abdominal pressure.10 Some investigators suggest an obstructive 
mechanism for the action of urethral injectables, as witnessed 
sometimes by a decrease in the maximum fl ow rate and height-
ened voiding maximum detrusor pressure after injection.11,12 
Several laboratories have reported elevation of Valsalva leak point 
pressure (VLPP) as a result of an increase in functional urethral 
length.13-15 Others have found that bulking materials improve the 
ratio of urethral resistance to abdominal pressure by raising 
the VLPP but not the detrusor leak point pressure or voiding 
pressure.16,17 Monga and Stanton18 postulated that prevention of 
bladder neck opening during stress is the mechanism of action 
of collagen injection, not obstruction.

Cephalad elongation of the urethra caused by bulking agent 
injection at the bladder neck or proximal urethra probably 
accounts for increased abdominal pressure transmission in the 
fi rst quarter of the urethra.18,19 Placement of the injectable mate-
rial more distally does not increase the functional length of the 
urethra or prevent bladder neck opening during episodes of 
stress. It is suggested that the bulking materials should be placed 
just distal to the urethral–vesical junction and that the position 
of the injectable is more important than its quantity for a good 
bulking effect.19,20

INDICATIONS AND CONTRAINDICATIONS

Injectable agents are classically indicated in patients with SUI. 
Several studies have shown good effi cacy for bulking agents, even 
in the presence of bladder neck mobility. There is a trend to 
admit some degree of intrinsic sphincter defi ciency (ISD) in all 
cases of SUI. Bulking agent indications then become much 
broader, and physicians are infl uenced by other parameters, such 
as patient preferences, cost, the need for concomitant procedures 
(e.g., for prolapse), and product availability.22-25

An overactive bladder should be treated before undertaking 
urethral injection. Many physicians believe that untreated bladder 
instability and low compliance are contraindications to urethral 
injection; others think that urethral injection can be used to treat 
the incompetent outlet of an overactive bladder without adverse 
effects on clinical outcome.26

Contraindications to urethral injections are untreated urinary 
tract infection and hypersensitivity to the injectable materials 
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(Fig. 31-1). Extensive scarring of tissue from irradiation or previ-
ous surgery or trauma may decrease the retention of injectable 
material in tissue, leading to a poor outcome.

INJECTION TECHNIQUE

The goal of injection therapy in SUI patients is restoration of the 
urethral submucosal “cushion” to improve urethral closure pres-
sure during stress episodes without compromising voiding detru-
sor pressure. The advantages of injection therapy are its minimal 
invasiveness and technical simplicity, allowing delivery in an out-
patient facility under local anesthesia. Urine culture for all 
patients should be negative, and if collagen is chosen, a skin test 
to rule out hypersensitivity to collagen must be performed at least 
4 weeks before the treatment (see Fig. 31-1). Perioperative anti-
biotics (e.g., one dose of extended-release quinolone) are usually 
recommended. After having emptied her bladder, the patient is 
installed in the lithotomy position, prepared with antiseptic 
cleaning solution at the level of the external genitalia and urethral 
meatus, and then draped as usual.

Three injection methods have been proposed: periurethral, 
transurethral or intraurethral, and antegrade.27 Only the trans-
urethral technique is still in use.

Periurethral Technique

Injections are usually administered with instillation of transure-
thral topical anesthetic (i.e., 2% lidocaine jelly) and 3 to 4 mL of 
1% lidocaine injected in the periurethral tissues at the 3- and 
9-o’clock positions. A 20-gauge needle connected to the syringe 
of bulking agent is successively inserted slowly at the 3-, 6-, and 
9-o’clock positions and advanced into the submucosal tissues 
(i.e., layer just under the urothelium), approximately 0.5 cm 
distal to the bladder neck, to raise a urethral bleb. Needle position 
is controlled by urethroscopy under a 0-degree lens. At each 
position, the bulking agent should be injected slowly to avoid 
rupturing the expanding urothelium. The injection is continued 
until the mucosa appears pale and the lumen is about 30% 
occluded.24 To ensure success, visualization of complete coapta-

tion (i.e., bilateral kissing lobes) of the urethral mucosa at the 
end of the procedure is recommended (Fig. 31-2). For some 
physicians, this technique can also be done under ultrasonic 
guidance.28 In some cases, positioning of the needle can be diffi -
cult, leading to repeated mucosal perforations (Fig. 31-3).

Transurethral or Intraurethral Technique

Two transurethral techniques are available: the cystoscopically 
guided technique and the blind technique. In the fi rst one, needle 
insertion into the submucosal tissue is achieved under cysto-
scopic vision with different injection devices. It requires a 

Figure 31-1 Hypersensitive cutaneous reaction after collagen skin 
testing.

Figure 31-2 Coaptation of the urethra after injection of bulking 
agents at the 3- and 9-o’clock positions.

Figure 31-3 Perforation of the mucosa during periurethral injection 
(arrow points to the needle).
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350 Section 5 STRESS INCONTINENCE

cystoscope or a urethrocystoscope with an injection needle 
(needle size depends on the viscosity of the injectable material) 
and usually a 0- or 12-degree lens.29 The needle should be inserted 
into the submucosal space approximately 0.5 to 1.5 cm distal to 
the bladder neck at the 3-, 6-, and 9-o’clock positions. The 
bulking agent is injected slowly until it raises a urethral bleb. 
Because of the high viscosity of some injectable agents, such as 
Tefl on or silicone microparticles, an injection gun may be neces-
sary (Fig. 31-4). After injection, the physician must avoid advanc-
ing the cystoscope beyond the injection site to prevent compression 
and extrusion of the injectable material.

Faerber and associates30 compared the intraurethral and peri-
urethral routes and demonstrated signifi cant differences in cure 
(46% versus 33%) and improvement (50% versus 67%) rates in 
favor of the intraurethral route. However, Schulz and colleagues31 
compared periurethral and intraurethral injection randomly in 
40 women and concluded that both routes of injection were 
equally effective. In Faerber’s report, it was evident that the intra-
urethral route required much less injectable material (4.7% 
versus 10.1 mL) for better results. The average number of sessions 
(1.3) was identical with both approaches. These fi ndings explain 
why most centers now use only the intra-urethral approach.

The blind transurethral technique uses injection devices that 
do not require cystoscopic guidance. Henalla and coworkers32 
were the fi rst to apply Macroplastique implantation system to 
improve and simplify the injection technique (see Fig. 31-4). 
With this device, the success rate was 74.3%, and the rate of 
acceptability by surgeons was 95%. The implantation device was 
developed to control accurate placement of the bulking agent at 
predefi ned sites and depth in the female urethra without the need 
for cystoscopic guidance.33 The device is advanced into the 
urethra until urinary drainage is established and then withdrawn 
1 cm. The injection needle is inserted into the fi rst deployment 
site, angling the device in the direction of the injection site to 
ensure penetration of the mucosa.34 The device enables consistent 
bolus placement at a predetermined depth and site. Usually, two 
to three punctures (at the 4-, 8-, and 12-o’clock positions) are 
needed for material delivery. If injection treatment fails, trans-
vaginal or transurethral ultrasound can be performed to investi-
gate correct Macroplastique placement. A different version of the 
device has been introduced by Q-Med AB (Uppsala, Sweden) 
(Fig. 31-5). The Implacer device has been developed for admin-
istration of dextranomer/hyaluronic acid (Dx/HA; Zuidex) 
without the need for cystoscopic guidance. The Implacer uses 

four syringes (each containing 0.7 mL of Dx/HA) and 23-guage 
needles. The device unfolds and fi xates the urethral wall to ensure 
symmetric placement of the injectable agent at four evenly spaced 
locations around the urethra.

Antegrade Technique

The antegrade technique has been described mainly for inconti-
nence in men after prostatectomy. It is performed through a 
suprapubic cystostomy and under cystoscopic control. The 
bulking agent is injected submucosally around the bladder neck 
until coaptation occurs. The technique can be performed under 
intravenous sedation, general anesthesia, or spinal anesthesia. It 
is indicated for patients with a scarred, noncompliant urethra.

POSTOPERATIVE CARE

Patients are usually discharged to their homes after satisfactory 
voiding. If urinary retention occurs, a small-caliber catheter 
(14 Fr or smaller) is inserted to empty the bladder. In rare cases 
of persistent retention, intermittent catheterization with a small-
caliber catheter is required until normal micturition resumes.24 
Mechanical pressure to the perineum (e.g., hard seat covers, hard 
stools, intravaginal sexual intercourse) should be avoided for 2 
weeks. If a second injection is necessary, it should be performed 
after a few weeks to allow healing of the previous implant.28

ASSESSMENT OF CLINICAL OUTCOMES

No validated, reproducible, well-accepted instruments have 
existed for the assessment of outcomes of treatment of urinary 
incontinence.35 There is no standard defi nition of success in 
studies of anti-incontinence procedures, making it diffi cult to 
objectively compare results. Assessment of cure depends on sub-
jective or objective measurements, which are not correlated. In 
most reported studies, cure is defi ned as the patient being dry by 
the end of the follow-up period. Improvement is defi ned as rare 
or minimal leakage and patient satisfaction with the result of the 
injection.36

Figure 31-4 Macroplasty injection device.

Figure 31-5 Implacer device for Zuidex injection.
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Initial patient assessment should include a symptom evalua-
tion, patient satisfaction score, quality-of-life questionnaire, 
leakage gravity index (e.g., pad test, visual scale), physical exami-
nation, and urodynamic measurement. Follow-up should 
monitor the same parameters plus the length of time since the 
last injection, number of injections performed, volume per injec-
tion, and cure criteria (e.g., physical examination, pad usage, 
pad-weighing tests, urodynamics).37

There is a large consensus in favor of a redefi nition of out-
comes for incontinence treatment. Clinicians and researchers are 
developing new measures that take into consideration the 
patient’s goals and expectations. We strongly believe that these 
new paradigms will in the near future replace classic 
assessments.

INJECTABLE MATERIALS

Ideal bulking agents should be biocompatible, biodegradable, 
nonmigratory (bulking > 80 μm), nonerosive, noncarcinogenic, 
nonimmunogenic, permanently bulking, and easily injected.25 
Unfortunately, none of the available bulking agents entirely 
meets these requirements.

Polytetrafl uoroethylene

Polytetrafl uoroethylene (PTFE; Tefl on, Polytef) was described as 
a bulking agent by Lopez and colleagues in 1964,8 and it was 
popularized by Berg6 and Politano7 in 1970. It is a paste consist-
ing of colloidal PTFE micropolymeric, various-sized particles (up 
to 300 μm, with most being < 50 μm).8 It is an inert, stable mate-
rial with a high molecular weight and high viscosity, and it is 
nonallergenic.

Tefl on has several disadvantages that limit its acceptability 
and prevent it from being approved by the U.S. Food and Drug 
Administration (FDA) for periurethral injection in the United 
States. It is diffi cult to inject because of its density, requiring very 
high pressure through a large-bore needle. Because of the small 
size of the particles, PTFE (90% < 40 μm in diameter) can be 
phagocytosed, resulting in distant migration to the brain, lungs, 
and lymph nodes.38,39 Among other major inconveniences, PTFE 
is not biodegradable, and it carries a risk of granuloma formation 

at the injection site and at some sites of distant migration.40 PTFE 
produces an infl ammatory reaction that may lead to urethral 
fi brosis, periurethral abscess, and urethral diverticulum.41 The 
carcinogenic potential of PTFE injection has been suggested but 
not proved and never reported clinically.42

Politano and coworkers43 fi rst used Tefl on for incontinence in 
men after prostatectomy and later for stress incontinence in 
women. Their short-term results were promising, with cure and 
improvement rates of 57% to 85%. However, long-term data 
have ranged from 18% to 76%.44-46 The reasons for failure of 
Tefl on injection include the high pressure needed for injection, 
leading to tissue extrusion, absorption, and migration of 
Tefl on particles, and the infl ammatory reactions affecting ure-
thral function.37 Failures in this series were associated with prior 
incontinence operations and bladder instability. To minimize 
the risk of migration, Herschorn and Glazer47 evaluated the 
injection of low-volume Tefl on, with a success rate of 71.7% 
(Table 31-1).

Glutaraldehyde Cross-Linked Collagen

Bovine glutaraldehyde cross-linked collagen (Contigen) is the 
most widely studied bulking agent. It is a well-established inject-
able material that gained FDA approval in 1993.24 Periurethral 
injection of glutaraldehyde cross-linked collagen was fi rst 
reported by Shortliffe and associates in 1989.55 Contigen, a highly 
purifi ed suspension of bovine collagen in normal saline, contains 
more than 95% type I collagen and less than 5% type III collagen 
cross-linked with glutaraldehyde. This cross-linking makes 
collagen more stable and durable, hindering its breakdown by 
fi broblast-secreted collagenase and enhancing its invasion by 
fi broblasts and blood vessels with deposition of host collagen, 
promoting long-term effi cacy of the implant.56 The decreased 
antigenicity of this mixed collagen is obtained by hydrolysis 
of the antigenic parts of the molecules, the amino-terminal 
and carboxyl-terminal segments. Cross-linking also reduces 
hypersensitivity.

Collagen injection is an easy procedure. It can be delivered 
periurethrally or transurethrally through a small needle (22 
gauge) under local anesthesia. Each syringe contains approxi-
mately 2.5 mL of collagen, and some patients may need repeated 
injections (e.g., two to fi ve injections). If the collagen is placed 

Table 31-1 Results of Polytetrafl uoroethylene Injections

Study
No. of 

Patients Follow-up (mo)
Mean No. of 

Injections
Mean Injection 
Volume (mL) Results

Politano,43 1982 51  6 (6-16) 1.8 10-15 71% (51% dry, 20% improved)
Lim et al,48 1983 28 12 1 11-12 54% (33% improved, 21.4% dry)
Schulman et al,49 1983 56  3 (3-24) 1.5  9 86% (16% improved, 70% cured)
Deane et al,50 1985 28 13 (3-24) NS 10 29% improved, 32% dry
Osther and Rohl,51 1987 36  3 NS 12 50% good or moderate results
Lockhart et al,44 1988 20 NS 1.9  7 50% dry, 35% improved
Vesey et al,52 1988 36  9 (3-36) 1-2  7-14 67% (56% dry, 11% improved)
Kiilholma and Makinen, 53 1991 22 60 NS  7.3 18% (dry or improved)
Beckingham et al,45 1992 26 36 1-3  9 27% improved, 7% dry
Lopes et al,54 1993 74 31 1.3 19 19% improved, 54.3% dry
Harrison et al,46 1993 36  5.1 yr 1-3  7 33% (11% dry, 22% improved)
Herschorn and Glazer,47 2000 46 12 2  2.5 30.4% dry, 41.3% improved

NS, not stated.
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too deeply, it will be quickly reabsorbed. However, the position 
and volume of injected collagen are not predictive of clinical 
outcome, as determined by a magnetic resonance study.57,58 The 
advantages of collagen injection include its durable effi cacy 
and safety, with no proven risk of granuloma formation or migra-
tion.59 Considering its price, cost-effectiveness is a concern. 
Berman and Kreder60 reported that sling cystourethropexy is 
more cost-effective than collagen injection in women with type 
III incontinence. The collagen injection is allergenic in up to 5% 
of patients, requiring skin tests to rule out hypersensitivity 1 
month before injection.61 There also is some concern regarding 
the potential for disease transmission from bovine products.34

Early results have disclosed subjective cure and improvement 
rates up to 95% and objective cure rates of 61% to 91%.36 
Herschorn and colleagues62 reported an early experience with 
intra-urethral injection of collagen in 31 women, with a mean 
follow-up of 6 months. The combined cure and improvement 
rate was 90.3%. Longer-term results of cure and improvement 
rates vary from 57% to 94% (Table 31-2). In a North American 
multicenter study, 148 women underwent collagen injection for 
ISD, with an overall success rate of 78% (45% cured, 33% 
improved) at 2 years of follow-up.63 Monga and coworkers67 
achieved a success rate of 86% at 3 months, 77% at 12 months, 
and 68% at 24 months after urethral injection of collagen in 60 
women with SUI. Swami and associates74 treated 111 patients with 
periurethral collagen injection for a success rate of 85% at 6 
months and 65% at 3 years after injection. There was no dif-
ference in maximum urethral closure pressure before and after 
collagen injection and no predictive factors of success. Some phy-
sicians have reported that patients who underwent prior anti-
incontinence surgery may have better results than those without 
previous surgery.63,65 These fi ndings may be explained by periure-
thral tissue support and limited mobility by scarring.63,65 Others 
have observed no correlation between the degree of urinary incon-
tinence preoperatively and the success rate.70 Some investigators 
have obtained higher percentages of injection failure in patients 
with preoperative detrusor instability.70,73 The use of collagen in 
cases of urethral hypermobility has produced results comparable 
to those without hypermobility.16,67,69,70,72 Steele and colleagues82 
reported a higher success rate for collagen injection in patients 
with hypermobility than in those without hypermobility.

Long-term studies have demonstrated continuing success, 
with a cure rate of 25% to 45% and an improvement rate between 
25% and 50%. Corcos and Fournier78 reported the 4-year follow-
up results for 40 women who underwent collagen injection. The 
cure rate was 30%, and the improvement rate was 40%. One third 
of these patients required a top-up injection 18 to 24 months 
after the initial treatment. Gorton and coworkers79 published 
their long-term results of collagen injection in 46 women with 
ISD, showing an overall success rate of 35%.

The morbidity associated with collagen injection is minimal 
and self-limited. The most common complication is transient 
urinary retention, urinary tract infection, and transient hematu-
ria. In 337 collagen injection cases, Stothers and associates83 
documented a complication rate of 20%, including de novo 
urinary urgency in 12.6% of patients. In many patients, the 
symptoms were irreversible (21% did not respond to anticholin-
ergics) and included hematuria (5%) and urinary retention 
(1.9%). Delayed reaction at the skin test site occurred in 0.9% 
(3) of patients and was associated with arthralgia in two cases. 
Others identifi ed urinary retention (8%,) urinary tract infection 
(4%), hematuria (2%), and urinary urgency in less than 1%.84 

Rare complications after collagen injection included sterile 
abscess at the injection site.85,86 Pulmonary embolism, urethral 
prolapse, and osteitis pubis have been encountered after urethral 
collagen injection.86-88

Autologous Fat

Autologous fat was fi rst used in plastic surgery to augment soft 
tissue defects. Periurethral fat injection was introduced in 1989 
by Gonzales and colleagues89,90 to treat ISD. Fat was harvested 
from lower abdominal subcutaneous tissue by liposuction using 
a trocar or aspiration syringe under local or general anesthesia. 
Between 15 and 20 mL of fat was mixed with Ringer’s solution 
or insulin before periurethral or transurethral injection. The 
advantage of autologous fat is that it is readily available, biocom-
patible, and inexpensive. Its disadvantages are fat resorption and 
replacement by fi brous tissues, which necessitate repeated injec-
tions. Horl and coworkers91 employed magnetic resonance 
imaging to demonstrate a 55% volume loss at 6 months after fat 
injection but no further volume decline at 9 and 12 months of 
follow-up. Approximately 50% to 90% of transferred adipose 
grafts do not survive.92 Graft survival depends on minimal han-
dling, low suction pressure during liposuction, and large-bore 
needles for reinjection to minimize injury.93

Periurethral fat injection has a reported success rate that is 
lower than with other injectables (Table 31-3). Palma and associ-
ates97 obtained a success rate of 76% (64% dry and 12% improved) 
with repeated injections of fat, compared with 69% (31% dry and 
38% improved) with a single injection. Haab and associates76 
compared the outcome of fat and collagen injection in 67 women 
with ISD and achieved cure rates of 13% and 24% for the fat and 
collagen groups, respectively. Lee and colleagues99 published the 
results of a randomized, double-blind, controlled study of fat and 
saline injection (as a control) and reported success rates of 22% 
and 20.7% for the fat and saline groups, respectively. They con-
cluded that periurethral fat injection does not appear to be more 
effective than placebo for treating stress incontinence.

The complications of fat injection include urinary tract infec-
tion, urinary retention, hematuria, pain, and hematomas at the 
site of liposuction. Complications such as urethral pseudolipoma 
and death due to fat embolism have also been reported.99-101 
These data should exclude fat injection for the treatment of 
SUI.37

Silicone Microimplants

Silicone microimplants (e.g., Macroplastique) are soft, fl exible, 
solid-textured, irregularly shaped implants of heat-vulcanized 
polydimethylsiloxane (i.e., silicone rubber) suspended in a carrier 
gel (i.e., polyvinylpyrrolidone). The silicone particles are encap-
sulated in fi brin, and the nonsilicone carrier gel is absorbed by 
the reticuloendothelial system and excreted in the urine. The 
injected particles are organized within 6 to 8 weeks into fi rm 
nodules with infi ltrated collagen and surrounded by a fi brous 
sheath that is well developed at 9 months.102

Silicone particles are inert, inducing very little local infl am-
matory reaction. The material is biocompatible, nonbiodegrad-
able, nongenotoxic, noncarcinogenic, and nonteratogenic. The 
mean particle size ranges from 100 to 300 μm in diameter, limit-
ing the risk of migration, which usually occurs with particles less 
than 70 μm.103 Macroplastique can be injected transurethrally or 
periurethrally under cystoscopic vision or transurethrally with a 
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Table 31-2 Results of Collagen Injections

Study
No. of 

Patients
Type of 
Incontinence Follow-up (mo)

No. of 
Injections

Mean Collagen 
Volume (mL) Success Rate

Eckford and Abrams,63 
1991

 25 NS   3 NS  1.7 80% (64% dry, 16% 
improved)

Kieswetter et al,64 

1992
 16 NS  15 (10-22) 8  1 83% (44% cured, 

39% improved)
Stricker and Haylen,65 

1993
 50 ISD  11 (1-21) 1.9 14.4 82%(42% cured, 40% 

improved)
McGuire and Appell,16 

1994
154 137 ISD

 17 HU
>12 NS NS HU: 64% (47% cured, 

17% improved)
ISD: 80% (47% cured, 

34% improved)
O’Connell et al,12 

1995
 44 42 ISD

 2 HU
Longest: 7 mo 1.5  9.1 63% (45% dry, 18% 

improved)
Richardson et al,66 

1995
 42 ISD  46 (10-66) 2 28.3 83% (40% cured, 

43% improved)
Monga et al,67 1995  60 NS  24 3 19 68% (48% cured, 

20% improved)
Winters and Appell,68 

1995
160 ISD  24 NS NS 78% cured or 

improved
Moore et al,69 1995  10 Type I and III   2 1.5  9.5 80% (20% cured, 

60% improved)
Nataluk et al,14 1995  12 Type III   2 1.8 12.3 33% cured, 67% 

improved
Herschorn et al,70 

1996
187 124 HU

 64 ISD
  6 neurogenic

 22 (4-69) 2.5 (success)
2 (failure)

 9.6 (success)
 7.8 (failure)

75% (23% cured, 
52% improved)

Homma et al,71 1996  78 GSI and ISD  24 1.9 23.5 72% (7% cured, 65% 
improved)

Faerber,72 1996  12 Type I  10 1.2  2.2 83% cured, 17% 
improved

Smith et al,73 1997  94 ISD  14 2.1 11.9 67% (38% dry, 29% 
improved)

Swami et al,74 1997 111 NS  38 (24-70) 1.7 12.8 65% (25% cured, 
40% improved)

Stanton and Monga,75 
1997

 32 NS  12-24 1.5 17.6 Subjective success rate 
69%, objective 
cured rate 54% at 2 
yr post-operation)

Haab et al,76 1997  22 ISD Minimum: 12 1.9 13.5 86% subjective 
success, 64% 
objective success

Khullar et al,191997  26 NS  24 1.7 21.6 57% (48% cured, 9% 
improved)

Cross et al,77 1998 103 Type III  18 NS NS 94% (74% cured, 
20% improved)

Corcos and Fournier,78 
1999

 40  8 type I
20 type II
12 type III

 50 (47-55) 2.2  9 70% (30% cured, 
40% improved)

Gorton et al,79 1999  46 GSI  >5 yr 1-3 17 35% subjectively 
improved

Winters et al,80 2000  58 49 ISD
 9 GSI
(37 HU)

 24.4 1.9 14.6 48.3% cured, 31.0% 
improved, long-term 
success 60.3%

Groutz et al,81 2000  63 NS  12 (1-32) 1-5  3.1 82% (13% cured, 
69% improved)

Steele et al,82 2000  40  9 HU   8.4 1.9 with HU
1.4 without HU

 5.6 with HU
 5.3 without HU

71% with HU
32% without HU

GSI, genuine stress incontinence; HU, hypermobile urethras; ISD, intrinsic sphincter defi ciency; NS, not stated.
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special injection system (see Fig. 31-5). The material is viscid, and 
the needle must be prelubricated with 1 to 2 mL of carrier gel 
before the vial (2.5 mL) of silicone paste is discharged by means 
of a high-pressure ratchet gun (Fig. 31-6).

Silicone elastomers have been used since the early 1990s as 
bulking agents for treating SUI, but they are still not approved 
for application in the United States. The reported cure rate with 
silicone ISD varies between 14% and 66.7%. Improvement rates 
range from 46% to 80%. When ISD is associated with urethral 
hypermobility, the cure and improvement rates are between 0% 
and 21.4% and between 0% and 58.9%, respectively.104

Sheriff and colleagues105 reported a success rate of 90% at 1 
month after injection, with a time-dependent decrease to 48% at 
2 years postoperatively. Other long-term results usually show a 
lower cure rate and are summarized in Table 31-4.

Reported complications after silicone injection are minimal 
and self-limited, such as hematuria, dysuria, urinary tract infec-
tion (0.9%), and urinary retention (6.8%).108 There is still concern 
about small particle migration and granuloma formation, with 
possible risks of autoimmune reactions associated with silicone 
injection.103

Dextranomer/Hyaluronic Acid Copolymer

Dextranomers are well-known polysaccharides that have been 
used for topical wound cleaning. HA has been applied in eye 
surgery and for joint injection.116 Dx/HA is a copolymer (Zuidex) 
in a gel of nonanimal, stabilized HA. A high-molecular-weight 
polysaccharide, HA works as a carrier gel and is resorbed within 
2 weeks after injection. Zuidex is a highly viscous solution, non-
immunogenic and biocompatible, with no risk of allergy or 
granuloma formation. Dx microspheres, the bulking agent, are 
80 to 200 μm in diameter and do not fragment, eliminating the 
risk of distance migration.117 Dx/HA is biodegraded very slowly 
by hydrolysis, and it remains at the injected site for up to 4 years. 
Stenberg and coworkers118 established that the volume of subcu-
taneously injected Dx/HA implants decreased by 23% over 12 
months in rats. Because the implant consists of 50% microspheres 
and 50% HA, volume reduction soon after injection should be 
expected. However, endogenous tissue augmentation is caused 
by ingrowths of collagen and fi broblasts between the micro-
spheres. Dx/HA has been shown to be well tolerated for endo-
scopic injection in vesicoureteric refl ux (VUR) in children, with 
effi cacy persisting for at least 5 years.119 It has been approved by 
the FDA in the United States for VUR and approved in Europe 
and Canada for the treatment of VUR and SUI.120

Initial studies of Dx/HA injection in patients with stress 
incontinence are promising. Stenberg and associates121 attained 
an initial success rate of 85% (cured or improved) for 20 patients 
with stress incontinence. Long-term follow-up (up to 6.7 years) 
of their cohort revealed that 57% were still cured or improved 
without any adverse effects (Table 31-5).122 Van Kerrebroek and 
colleagues123 reported a success rate of 71% among 42 women 1 
year after Dx/HA injection. The few adverse effects encountered 
included a sterile abscess (n = 1), urinary tract infection (n = 5), 
hematuria (n = 4), urethral disorder (n = 3), and decreased 
urinary fl ow (n = 3). A case of granuloma after Dx/HA injection 
has been documented.126 Injection therapy does appear to pre-
clude future surgical interventions, because it does not cause any 
major tissue changes.127

Carbon-Coated Zirconium Beads

Durasphere is a mixture of nonabsorbable, carbon-coated zirco-
nium beads in a water-based carrier gel with β-glucan (i.e., 97% 

Table 31-3 Results of Autologous Fat Injections

Study
No. of 

Patients Follow-up (mo)
No. of 

Injections
Mean Fat 

Volume (mL) Success Rate

Gonzalez de Garibay et al,89 
1989

12  6  1 10-20 100%

Cervigni and Panei,94 1993 14  9.7 (3-19) NS 21.7 86% (57% cured, 29% improved)
Scotti et al,95 1993 10  0.5  1 14-20 60%
Santarosa and Blaivas,96 1994 15  12 (1-40)  2.7  5-15 58% cured
Trockman and Leach,92 1995 32  6  1.6 21.3 56% (12% cured, 44% improved)
Palma et al,97 1997 30  12 12 40 Single injection: 69%

Multiple injections: 76%
Haab et al,76 1997 45 >7  1.7 20 42% (13% cured, 29% improved)
Su et al,98 1998 26 17.4 (12-30)  1 15 65% (50% cured, 15% improved)
Lee et al,99 2001 35  3  1-3 30 22% overall success

NS, not stated.

Figure 13-6 Ratchet gun and fl exible needle for Macroplastique 
injection.
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water and 3% glucan). It is safe and has been exploited for many 
years in heart valve replacements.37 There is no risk of allergy or 
distant particle migration because particle size ranges between 
250 and 300 μm in diameter. Durasphere is the latest bulking 
agent approved by the FDA (Table 31-6).

Lightner and coworkers128 undertook a multicenter, ran-
domized, double-blind study comparing Durasphere (n = 178) 
and collagen (n = 177) for the treatment of ISD. At 1 year of 
follow-up, the success rates were 80.3% and 67.1% for Durasphere 
and collagen, respectively. The mean number of injections was 
similar (Durasphere = 1.55, collagen = 1.69), but the injected 
volume was signifi cantly different (Durasphere = 4.83 mL, 
collagen = 6.23 mL; P < .001). Pannek and associates129 treated 
13 women and 7 men with Durasphere injection and achieved 
limited success (33% at 1 year after injection). There was 
distant particle migration in two patients despite the large-size 
of the Durasphere particles. Chrouser and colleagues131 studied 

Durasphere and collagen for the treatment of 43 women with 
SUI. The initial success rate (63%) was similar in both groups. 
Longer follow-up (12, 24, and 36 months) showed that Durasphere 
remained effective in 35%, 33%, and 21% of patients, whereas 
the collagen effi cacy rates were only 33%, 19%, and 9%, respec-
tively. For Chrouser and coworkers131 the lack of durability of 
both agents was thought to result from physiologic changes of 
the bladder neck and urethra with time, altered tissue compliance 
in response to injection, or poor long-term performance of the 
agent.

The complication rate with Durasphere is higher than with 
collagen. Urinary urgency is seen in 24% and 16.9% of patients, 
respectively. However, resolution of urgency symptoms is greater 
in the Durasphere group than in the collagen group. Urinary 
retention is also greater with Durasphere (11.9% versus 3.4%),128 
but it rarely persists to a point at which endoscopic evacuation 
of Durasphere at the injection site is necessary.132

Table 31-4 Results of Silicone Microimplant Injections

Study
No. of 

Patients
Follow-up 

(mo)
No. of 

Injections
Injected 

Volume (mL) Success Rates

Harriss et al,106 1996  40 <36 1.2 1-7 73% (33% improved, 40% cured)
Sheriff et al,105 1997  34  24 1.1 5 90% at 1 mo, 75% at 3 mo, and 48% 

at 2 yr
Koelbl et al,107 1998  32  12 1.1 3.9 59% cure
Henalla et al,32 2000  40   3 1.35 6.8 20% dry, 32.5% improved

41% dry, 33.3% improved with repeated 
injections

Usman and Henalla,108 1998 102  17.6 1 5 71% if they had previous surgery, 66% 
for primary treatment

Hidar et al,109 2000  25  36 1.4 3.7 80% at 6 mo, 60% at 3 yr
Barranger et al,110 2000  21  31 1 4 19% dry

29% improved
Radley et al,111 2001  60  16-19 1.5 6.7 62.5% cured/improved, 39% objectively 

cured
Soliman and Evans,112 2001  68  19 1 3 35.2% cured, 26.5% improved
Peeker et al,113 2002  22 Range: 6-48 1.3 NS 59.1% cured, 18.2% improved
Gurdal et al,114 2002  29  29 1 3.5 45% cured
Tamanini et al,33 2003  21  12 NS 6.3 76.1% (57.1% cured, 19% improved), 

45% objective cure
Tamanini et al,115 2004  21  24 NS 6.3 61.9% (47.6% cured, 14.3% improved)

NS, not stated.

Table 31-5 Reported Results of Dextranomer/Hyaluronic Acid Injections

Study
No. of 

Patients
Follow-up 

(mo)
No. of 

Injections
Volume of 

Injections (mL) Results

Stenberg et al,121 1999  20  3-6 2-4 5.5 85% cure or improvement
Stenberg et al,122 2003  20 78 1.6 6.4 57% success, with recurrence in 

25%
van Kerrebroeck et al,120 2004  42 12 NS 2.8-4 71% subjective improvement at 3 

mo, 61% at 12 mo
van Kerrebroek et al,123 2004  42 12 NS 2.8-4 75% objective success (24% cured, 

51% improved)
Haab et al,124 2004 139  6 2.1 NS 67% success rate at 6 mo
van Kerrebroek et al,125 2004  20 24 2.8-4 70-90% initial success rate, and 

60% at 2 yr
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Microballoon Implantation

Implantable microballoons (UroVIV) are elastomeric silicone 
capsules with an infl atable volume ranging from 0.2 to 0.9 mL, 
and they are fi lled with a poly-N-vinyl pyrrolidinone–based, 
high-water-content, cross-linked hydrogel (Fig. 31-7). In an 
aqueous environment, the hydrogel remains a gel due to interac-
tion with the hydrophobic domains. The capsule device primarily 
consists of a membrane and check valve to prevent escape of the 
solution injected at the time of implantation.133 A self-detachable, 
implantable balloon system developed by Atala and coworkers134 
was initially used for the treatment of VUR in children. It was 
found to be safe, injectable material that was biocompatible and 
without the risk of migration or local infl ammation. It was 
detectable on plain radiography and ultrasound.

The balloon is injected periurethrally under cystoscopic 
control. The infl ated balloon is approximately 8.5 × 21 mm, and 
it is usually placed at the 3- and 9-o’clock positions; if necessary, 
another balloon can be implanted at the 6-o’clock position.135 
Compared with previously described bulking agents, we consider 
this technique to be complicated, requiring signifi cant training. 
The injection system is somewhat cumbersome; newer systems 
with adjustable balloons are being developed.37

Pycha and associates135 treated 19 female SUI patients (6 type 
I, 4 type II,  9 type III) with microballoon implants (mean, 4.2 
balloons), with a 42% cure rate and 36.8% improvement after a 
mean follow-up of 14.4 months. The procedure failed in all 
patients with type II SUI, and four patients incurred signifi cant 
detrusor overactivity. The investigators stated that type III SUI is 
the ideal indication for microballoon implantation. Mazouni and 
colleagues135 recorded an overall success rate of 65% for 59 
women 6 months after microballoon injection. Two patients 
developed urinary retention, balloon migration through the ure-
thral wall occurred in three cases, and three others experienced 
balloon loss.

Calcium Hydroxylapatite

Calcium hydroxylapatite (CaHA) is a normal constituent of bone 
and is therefore nonimmunogenic and nontoxic. The bulking 
substance is a synthetic particle of CaHA with a spherical mean 
diameter of 100 μm (75 to 125 μm) in an aqueous gel composed 
of sodium carboxymethylcellulose. Preclinical studies in animal 
models have confi rmed long-term safety and biocompatibility, 
with minimal infl ammation.137 This material has had previous 
medical applications in dental restoration and orthopedics.138 It 
is radiopaque and can be easily detected by ultrasound, which 
can aid in its implantation and localization.

The injections are delivered by a 3-ml syringe through a 
7-Fr Cook transurethral injection catheter and a 21-gauge 
needle attached to a ratchet gun. The initial injections are 
targeted at the 4- and 8-o’clock positions at the bladder neck, 
and then delivered as needed to provide visual coaptation. 
Mayer and coworkers138 described 10 women with ISD who 
were treated by CaHA injection; the mean volume was 3.9 mL. 
The average number of injection sites at each treatment was 
3.82 (range, 2 to 6 sites). Subjective improvement in pad use 
1 year after injection was rated as excellent (no pads) in three 
patients, good (many fewer pads) in four patients, fair (fewer 
pads) in two patients, and poor (no change) in one patient. 
VLPP increased from 39 to 46 cm H2O at 12 months, with two 
patients dry on testing. There were no complications except 
for a higher incidence of transient urinary retention in fi ve 
patients.

Ethylene Vinyl Alcohol Copolymer

Ethylene vinyl alcohol copolymer (Uryx) is a biocompatible 
polymer composed of a random mixture of ethylene (hydropho-
bic) and vinyl alcohol (hydrophilic). It is dissolved in an 8% 
concentration of anhydrous dimethyl sulfoxide (DMSO). When 
this mixture comes into contact with aqueous media, DMSO 

Table 31-6 Reported Results of Durasphere Injection

Study
No. of 

Patients
Follow-up 

(mo)
No. of 

Injections
Volume of 

Injections (mL) Results

Lightner et al,128 2001 178 11 1.6 4.8 80.3% overall success
Pannek et al,129 2001  20 10 NS

NS
6 76.9% at 6 mo, 33% at 1 yr

Madjar et al,130 2003  46  9.4 1.5 2-3 65.2% (13% cured, 34.7 improved)
Chrouser et al,131 2004  56 37 1.6 NS 63% initial success, 33% at 1 yr, 21% at 3 yr

ISD, intrinsic sphincter defi ciency; NS, not stated.

Figure 31-7 Implanted microballoons (arrows).
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rapidly diffuses away, causing in situ precipitation and solidifi ca-
tion of the polymer, with the formation of a spongelike plug that 
can seal cavities.139 It has been employed successfully for the 
embolization of tumors and vascular malformations by selective 
arterial occlusion in a rabbit model and for brain arteriovenous 
malformations in clinical cases.140

Dmochowski and associates141 reported the fi rst use of Uryx 
in women with SUI in a multicenter, randomized, controlled 
study that compared it with collagen. Two hundred thirty-six 
women with genuine SUI were randomized and then treated 
prospectively with Uryx or collagen. The mean total volume 
injected was 4.6 mL for Uryx and 7.1 mL for collagen. At 1 year, 
pad tests showed that 68% of Uryx patients were dry, compared 
with 44% of collagen patients. Signifi cant improvement of incon-
tinence quality-of-life scores at 1 year was achieved in 32% with 
Uryx and in 20% with collagen. The most common complica-
tions of both treatment arms were delayed voiding, dysuria, and 
frequency. The investigators concluded that the success rate with 
Uryx was higher compared with collagen and with less injected 
volume.

Dermal Collagen Implants

Cross-linked collagen fi bers can be extracted from intact cadav-
eric dermal skin specimens. The harvested dermis is separated 
from the epidermis, pulverized mechanically, and dispersed in 
solution. The intact fi bers are suspended in a buffered phosphate 
solution at neutral pH.37,142

The bulking agent of autologous collagen is recognized as self 
by the body and therefore should not elicit an immune response. 
The injected collagen it thought to undergo a breakdown process 
similar to that occurring in normal scar formation. Natural cross-
linking increases implant durability and resists biodegradation by 
collagenase.143 Griffi ths and Shakespeare144 undertook a 3-year 
study of the histologic appearance of glutaraldehyde-treated 
human fi brous dermal collagen allografts. There was no immune 
or infl ammatory response, and no fi brous capsule was seen. The 
implants were colonized by host fi broblasts and blood vessels, 
and collagen resorption was observed.144

Permacol is a sterile, tough but fl exible, acellular, cross-linked 
porcine dermal collagen with constituent elastin fi bers. It has an 
acellular architectural organization very close to human tissue 
and works by supporting fi broblast infi ltration and revasculariza-
tion, so that it gradually becomes permanently incorporated. The 
disadvantage of this material includes its limited availability and 
higher viscosity, requiring a large-bore needle. Dermal collagen 
has been successfully deployed in many ear, nose, and throat 
procedures, in plastic surgery, in ophthalmology, and in ortho-
pedic and cardiothoracic surgery.145

Bano and colleagues146 studied Macroplastique and porcine 
dermal collagen (Permacol) in the treatment of 50 women with 
SUI. At 6 weeks, 64% of Permacol patients were improved (60% 
were dry) on quantifi ed pad losses compared with 54% of 
Macroplastique patients (41.6% were dry). These results per-
sisted up to 6 months.

Autologous Chondrocytes

Tissue engineering is an attractive and promising fi eld for treat-
ment approaches to a variety of challenging urologic conditions. 
Atala and associates147 are innovators in the application of tissue 
engineering in urology. In 1994, they reported VUR in a porcine 

model. Injected chondrocytes can survive in vivo and synthesize 
new cartilaginous structures according to a template after they 
are seeded onto preformed biodegradable polymers.148 The mate-
rial consists of autologous chondrocytes in a calcium alginate 
(i.e., natural polysaccharide) gel injected endoscopically through 
a 22-gauge needle. Chondrocytes isolated from biopsy specimens 
(approximately 6 × 6 mm) of the external pinna of the patient’s 
ear are expanded in tissue culture media in vitro for 6 weeks and 
combined with sodium alginate before transfer into fi ve 3-mL 
syringes for injection.149 The gel serves as a substrate for injectable 
delivery and then undergoes hydrolytic biodegradation over 
time. The newly formed chondrocytes secrete a natural matrix 
that maintains the volume of the original injection over time and 
results in new cartilage formation, which is stable, nonantigenic, 
and nonmigrating.148

Autologous chondrocytes have been injected with success and 
low risk for the treatment of VUR in children.150 Bent and associ-
ates149 reported 32 patients treated with autologous ear chondro-
cytes for ISD; 16 patients (50%) were cured, and 10 (31.3%) 
improved at 12 months. The investigators concluded that endo-
scopic treatment of ISD with autologous chondrocytes is safe, 
effective, and durable.

Autologous Myoblasts

Cultured myoblasts can be delivered to the bladder wall (i.e., 
cellular myoplasty) and urethral sphincter to regenerate, forming 
new myofi bers that build up and improve the urinary sphincter 
and detrusor contractility.151 Myoblasts, the mononucleate pre-
cursor cells of skeletal muscle, can differentiate to form multi-
nucleated muscle fi bers capable of muscle contraction. They fuse 
to form postmitotic myotubes, which express bioactive protein 
in a stable fashion for a prolonged period, representing a poten-
tially advantageous method of gene therapy.152 Age-dependent 
reduction in the number of striated muscle cells may cause SUI 
in elderly women and men.153 Myoblast injection directly into the 
urethral sphincter to reconstruct the muscle and augment the 
sphincter may become a possible option in the treatment of ISD. 
Injectable myoblasts may produce strengthened sphincter con-
tractility by fusing with existing muscle fi bers.

Strasser and colleagues154 performed the fi rst clinical trial of 
myoblast injection in seven women with SUI. Before injection, 
skeletal muscle biopsies were taken from the left arm to obtain 
cultures of autologous myoblasts and fi broblasts. One year after 
the injection, fi ve of these women remained symptom free. 
Three-dimensional ultrasound revealed that the thickness of the 
urethra and rhabdosphincter had increased signifi cantly com-
pared with baseline. Autologous therapy is an exciting fi eld with 
promising preliminary results for the treatment of SUI.

CONCLUSIONS

Injection therapy for the management of SUI and urethral hyper-
mobility is an attractive alternative to surgery. It is a minimally 
invasive and easy procedure that can be performed on an out-
patient basis. If injectables are well accepted for the frail elderly 
after the failure of other procedures, and when surgery is contra-
indicated, their role as the primary treatment of SUI is debatable. 
Cost-effectiveness must be addressed before promoting a new 
treatment for SUI, but cost-effectiveness studies are rare or 
employ questionable methodologies.
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Many injectable materials have been shown to be effective 
with few complications. However, the ideal bulking agent is still 
to be discovered. It must be biocompatible, biodegradable, non-
migratory, nonallergenic, durable, easy to inject, and cost-
effective. All available injectables have a potential for migration, 
shrinking, or being displaced, requiring multiple injections to 
achieve or maintain a good result.

Collagen has been the most extensively studied injectable, and 
it is still the most commonly used. It is reabsorbed with time and 

warrants preoperative skin testing to check for hypersensitivity. 
Autologous fat is also reabsorbed, but it has the potential for 
lethal complications. Durasphere, Zuidex, CaHa, microballoons, 
and ethylene vinyl alcohol copolymer injections have had 
initial success in the treatment of SUI, but further long-term 
and comparative studies of other modalities are required for 
ensuring safety, effi cacy, and cost-effectiveness. Tissue engi-
neering and autologous therapy are promising fi elds but are in 
their early developmental phases.
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Chapter 32

ROLE OF NEEDLE SUSPENSIONS
Elizabeth Takacs and Philippe E. Zimmern

Female urinary incontinence (UI) and pelvic organ prolapse 
(POP) are ubiquitous to the aging female population. A woman 
has an 11.1% lifetime risk of requiring a single surgery for POP, 
and one-third of those women will require a repeat procedure.1 
A review of data from the National Hospital Discharge Summary 
in 1997 and 1998 concluded that 226,000 surgeries for POP2 and 
135,000 for UI3 were performed, compared with 169,000 total 
knee replacements and 307,000 cholecystectomies. Twenty-one 
percent of patients undergo concomitant procedures for POP 
and UI.1,2 Both conditions have affl icted women for centuries, 
but during the past 50 years understanding of the pathophysiol-
ogy and development of treatment options have progressed.

The bladder neck needle suspension was initially described by 
Pereyra in 19594 for treatment of urethral hypermobility; he initi-
ated the concept of passing a ligature carrier through the retro-
pubic space to transfer sutures placed to suspend or secure the 
anterior vaginal wall tissue. Today, the role of needle suspensions 
is decreasing; many practitioners are abandoning the procedure 
because of its reported low success rate and expansion of the use 
of the more “minimally invasive” sling procedures.5,6 One of the 
most signifi cant advantages of modern-day needle suspensions is 
the ability to correct urethral hypermobility associated with a 
cystocele in patients with or without stress urinary incontinence 
(SUI) by providing support to the urethra, bladder neck, and 
bladder as a unit without the use of foreign materials.

This chapter briefl y reviews the history and evolution of the 
needle suspensions and looks more in depth at current variations, 
including indications, technique, complications, and long-term 
results of the four-corner colposuspension, the anterior vaginal 
wall suspension, the in situ vaginal wall sling, and the “goalpost” 
technique. We conclude by debating briefl y the pros and cons of 
using native tissue for these repairs.

HISTORICAL REVIEW OF NEEDLE 
SUSPENSIONS (1949-1989)

Retropubic bladder neck suspensions were initially described in 
1949 by Marshall, Marchetti, and Krantz7; the Burch procedure 
was described in 1961.8 The goal of these procedures was to fi x 
the bladder neck into a high retropubic position, while returning 
the urethra to an abdominal position, thus allowing equal trans-
mission of pressures to the bladder and bladder neck/proximal 
urethral regions. In 1959, Pereyra described “a simplifi ed surgical 
procedure” to accomplish the same goal (support of the urethra 
and bladder neck) through a transvaginal approach with a result-
ing decrease in morbidity.4

Pereyra’s original procedure described the passage of a trocar 
needle via a small transverse suprapubic incision blindly through 
the retropubic space, lateral to the bladder neck, exiting through 
the anterior vaginal wall. The trocar was passed a total of four 

times, two times on each side. Pereyra used stainless steel wire; 
he recognized that the wires were apt to cut through the tissues 
but served as a temporary support mechanism until scarring and 
fi brous tissue developed to create a more permanent support. In 
1967, Pereyra and Lebherz reported improved urinary conti-
nence results when the Pereyra procedure was combined with a 
Kelly plication.9 Together, the procedures corrected the anatomic 
defects that “neither procedure alone could remedy.” In his initial 
description, Pereyra emphasized the need to avoid tension on the 
sutures, recognizing already that it is scar formation that brings 
long-term support and good results.

In 1973, Stamey described the endoscopic vesical neck suspen-
sion.10 Similar conceptually to the Pereyra procedure, this tech-
nique recommended the use of cystoscopy to observe the needle 
passage near the bladder neck and introduced a series of specially 
designed needles for passage of the sutures. A Dacron pledget was 
used to buttress the periurethral tissues and decrease suture pull-
through. The double-pronged ligature carrier was introduced in 
1978 by Cobb and Ragde to decrease the number of passages and 
ensure a consistent fascial bridge.11

The Raz bladder neck suspension or modifi ed Pereyra proce-
dure was described in 1981.12 The key differences were using an 
inverted U-shaped incision vaginally, to allow dissection lateral 
to the urethra and bladder neck, entering the retropubic space to 
allow for adequate mobilization of the bladder and urethra, 
passing the ligature carrier under fi ngertip guidance to avoid 
bladder injury, and placing the anchoring sutures through the 
full-thickness vaginal wall (excluding epithelium) in addition to 
the pubocervical fascia (Fig. 32-1). The suspension sutures were 
secured more laterally in the vaginal wall to decrease the risk of 
damage or obstruction of the urethra.13 Because incontinence can 
occur after an isolated Kelly plication, Raz further modifi ed the 
Raz bladder neck suspension to concomitantly correct a cystocele 
and to decrease postoperative incontinence, a procedure known 
as the “four-corner bladder neck suspension,” which is examined 
in detail later.

In 1987, Gittes and Loughlin proposed a no-incision tech-
nique that could be performed under local anesthesia in an out-
patient setting.14 Because the sutures were placed through the 
full-thickness vaginal mucosa in a helical fashion at the bladder 
neck level and tied suprapubically under tension, it was believed 
that the sutures would pull through the vaginal mucosa and form 
an “autologous pledget” of scar tissue along their retracting 
path.

The short-term results of all these procedures were very prom-
ising, with success rates for subjective cure greater than 90%. As 
time passed and long-term data became available, it became 
apparent that it was diffi cult to reproduce the success of the initial 
surgeon (Table 32-1).

The morbidity of the needle suspensions was limited and 
included bleeding from the retropubic space and periurethral 
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A B
Figure 32-1 Modifi ed Pereyra or Raz bladder neck suspension. A, Helical suspension suture placed at the level of the bladder neck provides 
a narrow anchor point. B, Demonstration of the single-prong ligature carrier passed through the retropubic space under fi ngertip guidance 
to transfer suspension suture suprapubically. (Adapted from Raz S, Strothers L, Chopra A: Raz techniques for anterior vaginal wall repair. In 
Raz S (ed): Female Urology, 2nd ed. Philadelphia: W.B. Saunders, 1996; pp. 344-366.)

Table 32-1 Historical Needle Suspensions, Short-term and Longest Follow-up*

First Author 
and Ref. No. Year

Follow-up, 
Mean

Follow-up, 
Range N Procedure % Dry

% Dry + 
Improved

% De Novo 
Incontinence

Pereyra4 1959 14 mo  31 Pereyra  90
Pereyra9 1967 12-89 mo 172 Pereyra  91.9
Kursh15 1972 0-36 mo  25 Pereyra <64
Stamey10 1973 0-36 mo Stamey  68
Schaeffer16 1984 6-48 mo 203 Stamey  91
Gittes14 1987 2-29 mo  38 Gittes  84
Kondo17 1998 8.1 yr

5.0 yr
3.2-13.9 yr
1.2-6.8 yr

Stamey
Gittes

 71.5
 37

12 (combined)

Nigam18 2000 8.4 yr
5.3 yr

6.3-9.9 yr
4.1-6.3 yr

 34
 38

Stamey
Gittes

93 at 3 mo, 28 at 9 yr
92 at 3 mo, 14 at 5 yr

Wennberg19 2003 63 mo 28-100 mo  24 Stamey 42  66 37.5
Raz20 1992 15 mo 3-95 mo 206 Raz BNS 83  90.3  7.5
Kelly21 1991 3.5 yr 2-7.7 yr 114 Raz BNS 51 (no SUI)  76 15.8
Trockman22 1995 9.8 yr 5-13 yr 125 Raz BNS 20 (no UI)

49 (no SUI)
 71 16

*Short-term, <12 mo; mid-term, 12-60 mo; long-term, >60 mo.
BNS, bladder neck suspension; SUI, stress urinary incontinence; UI, urinary incontinence.
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364 Section 5 STRESS INCONTINENCE

tissues; bladder injury, especially after a prior retropubic anti-
incontinence procedure; suture entry into the bladder detected 
by cystoscopy; failure due to suture pull-through of the anchor-
ing tissues; and rare reports of ilioinguinal nerve entrapment. 
Urinary retention and the development of de novo urge inconti-
nence were very infrequent.23

Based on this overview of the various needle suspensions from 
1959 to the late 1980s, it is clear that each new technique improved 
the preceding one by adding some important modifi cations that 
are still in use today (Table 32-2). Avoiding the periurethral 
tissue, fi ngertip guidance of the trocar through the retropubic 
space, and use of cystoscopy are some of the critical steps learned 
from several decades of vaginal needle suspension procedures.

CONTEMPORARY APPROACHES (1989-2005)

In 1997, the American Urological Association (AUA) Guideline 
Panel grouped all needle suspensions into one category. Com-
pared to the Burch or the pubovaginal sling procedure, the results 
at 4 years were globally inferior, but the series were short and had 
very inhomogeneous methods of reporting and follow-up.24 
More recently, the Cochrane database reviewed the role of needle 
suspensions for SUI and concluded that, although they were 
more likely to fail than open retropubic suspensions, the evidence 
was limited; no conclusions could be drawn when compared to 
the suburethral sling.25 Nonetheless, reports still emerge periodi-
cally on series from all over the world using the vaginal wall as 
the support mechanism. Therefore, we review in the following 
sections four procedures aimed at restoring the support of the 
anterior vaginal plate, either in its entirety (Four-Corner Bladder 
Neck Suspension and anterior vaginal wall suspension), beneath 
the urethra/bladder neck area (vaginal wall sling), or with support 
of the bladder neck and concomitant anterior colporrhaphy 
(goalpost technique); we then discuss several other series using 
similar or slightly modifi ed techniques.

Four-Corner Bladder Neck Suspension (FCBNS)

The FCBNS,26 initially described by Raz in 1989, was a progres-
sion from the original Raz bladder neck suspension and attempted 
to correct a minimal to moderate cystocele and urethral 

hypermobility without performing a Kelly plication. Although 
the Kelly plication and/or anterior colporrhaphy was the stan-
dard treatment to repair cystoceles, there was a signifi cant rate of 
postoperative SUI and cystocele recurrence. For the treatment of 
SUI, the Kelly plication had a cure rate of 63% to 92% at 1 year 
and 37% to 54% at 5 years of follow-up.27,28 Recent randomized 
studies have also revealed a success rate of 30% to 71% at 1 year 
for correction of prolapse stage I through IV with this ap-
proach.29-31 The idea of combined correction of a cystocele and 
urethral hypermobility was a turning point in addressing the 
vaginal wall as a single unit and not as separate components.

Briefl y, the procedure involves creation of an inverted U-
shaped anterior vaginal wall incision with the apex midway 
between the urethral meatus and the bladder neck.26 The pubo-
cervical fascia is exposed, and the retropubic space is entered and 
developed laterally. Two pairs of helical nonabsorbable sutures 
are placed, one pair proximally incorporating the vaginal wall 
(excluding epithelium), the cardinal ligament, and pubocervical 
fascia; and the second pair located distally at the level of the 
bladder neck but avoiding the periurethral tissue (Fig. 32-2). The 
sutures are transferred suprapubically with a double-pronged 
Raz ligature carrier. Cystoscopy is performed to confi rm no 
injury to the bladder or ureters and no suture entry. The sutures 
are then tied to themselves and to the corresponding sutures on 
the contralateral side, care being taken to avoid tension.

As for many other procedures, the long-term follow-up has 
not been as promising as the initial short-term reports. Suture 
pull-through has been a signifi cant criticism. Kilicarslan and col-
leagues, with a follow-up of 3.8 years, reported a cure rate of 74%; 
cure was defi ned as absence of complaints and no evidence of 
leakage during urodynamic studies.32 With a mean of 37 months’ 
follow-up and using a standing cystography as an outcome 
measure, Dmochowski and associates reported a 53% success 
rate defi ned as no incontinence and an 83% success rate defi ned 
as 0 to 1 incontinent episodes per week.33 Recurrent cystocele was 
found in 57%, and 8/33 (24%) of women with their uterus in situ 
developed symptomatic uterine prolapse postoperatively. Con-
statini and coworkers reported a success rate of 85% with a mean 
of 62 months’ follow-up.34 However, in their study, patients 
underwent concomitant vaginal wall sling if the Valsalva leak 
point pressure (VLPP) was less than 60 cm H2O and the FCBNS 
was performed for correction of POP with or without 

Table 32-2 Historical Evolution of the Needle Suspension into the Contemporary Procedures

Date Author Procedure Novel Feature

1959 Pereyra Pereyra procedure Pass trocar through retropubic space
1967 Pereyra, Lebherz Modifi ed Pereyra Perform with Kelly plication
1973 Stamey Stamey endoscopic needle suspension Pledgets and cystoscopy; Stamey needle
1978 Cobb, Ragde “Simplifi ed” Stomey endoscopic 

needle suspension
Double-pronged ligature carrier

1981 Raz Raz bladder neck suspension Inverted U-shaped incision giving access to the retropubic 
space; bilateral helical suspension sutures at the level of 
the bladder neck

1987 Gittes Incisionless technique Secondary scarring of the tracts to hold the repair
1989 Raz Vaginal wall sling Use of in situ vaginal wall as sling
1989 Raz, Klutke Four-corner bladder neck suspension Concomitant correction of urethral hypermobility and 

cystocele
1997 Dmochowski, 

Zimmern
Modifi ed four-corner suspension Broader anterior vaginal wall anchor for each of the four 

sutures, leading to the anterior vaginal wall suspension/
plate concept
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incontinence. For correction of cystocele, 12 of 37 patients with 
grade 3 cystocele preoperatively failed based on physical exami-
nation postoperatively; de novo hysterocele was noted in 4 of 37 
patients (10%).

Anterior Vaginal Wall Suspension

The ideal patient for the anterior vaginal wall suspension35 is a 
woman who experiences SUI due to urethral hypermobility and 
has a Baden-Walker grade 1 to 3 cystocele, but no midline defect 
on physical examination. Cystoceles can be graded not only cli-
nicially but also radiographically. On a voiding cystourethrogram 
with lateral images, a grade 1 cystocele is defi ned as 0-2 cm of 
descent below the inferior margin of the pubic symphysis; grade 
2 as 2 to 5 cm of descent; and grade 3 as >5 cm of descent.36 In 
women with this lateral detachment, the anterior vaginal wall 
suspension reestablishes support and prevents the downward 
mobility of the anterior vaginal wall during straining efforts. This 
procedure is not intended to correct intrinsic sphincter defi -
ciency. A unique aspect of the anterior vaginal wall suspension is 
its versatility to correct a cystocele at the time of a sling procedure 
or urethrolysis.

Conceptually, it is similar to the FCBNS in viewing the bladder, 
bladder neck, and urethra as a single unit, but the suspension 
sutures are placed not solely at “four corners” but over the entire 

length of the vaginal plate, from the bladder neck to the vaginal 
apex. It is believed that sutures placed broadly allow for greater 
distribution of pressure, thus decreasing the risk of suture 
pull-through (Fig. 32-3). This technical change was adopted after 
studies in a rabbit model done by Bruskewitz and colleagues 
demonstrated that the cross-sectional area serving as anchor 
determines the force required for tissue pull-through. These 
authors reported that suture loops cut through tissue at lower 
forces and act as a cutting string.37

A second important technical difference is the ability to excise 
redundant vaginal tissue laterally at the site of the primary defect. 
This maneuver narrows the potential space for lateral cystocele 
recurrence and recreates the natural lateral sulci present in the 
vagina. This technical modifi cation resonates with the “pinch test” 
and “tuck procedure” described by Petros and Ulmsten.38,39

After the bladder neck is identifi ed (balloon of Foley catheter) 
and marked with an ink pen, three marking sutures are placed at 
the vaginal apex: one in the midline, and then one approximately 
1.5 cm lateral to the midline on each side (Figs. 32-4A and 
32-5A). An incision is made from approximately 1.5 cm lateral 
to the bladder neck to the apical marking sutures. This incision 
is performed on both sides of the vagina, creating a trapezoid-
shaped vaginal plate in the center with a width of approximately 
3 cm and a length of 4 to 8 cm. A marking pen is used to divide 
this in situ vaginal wall plate into four equal quadrants (see Figs. 
32-4B and 32-5B). A separate no. 1 polypropylene suture is used 
for each of the four suspension sutures, one suture in each quad-
rant. The suture is placed in a helical fashion, incorporating large 

Figure 32-2 Four-corner bladder neck suspension. Placement of 
two pairs of nonabsorbable sutures incorporating full-thickness 
vaginal wall minus the epithelium, one pair at the level of the 
bladder neck and the other at the top of the cystocele. (Adapted 
from Hadley HR, Zimmern PE, Staskin DR, Raz S: Transvaginal 
needle bladder neck suspension. Urol Clin North Am 12:291-303, 
1985.)

Figure 32-3 Modifi ed four-corner bladder neck suspension. The 
helical narrow suspension suture is changed to a broad-based 
suture placement to reduce suture pull-through.
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segments of vaginal mucosa (minus epithelium) while remaining 
parallel to the vaginal plate (see Fig. 32-4B). At the proximal 
portion of the plate, the suture should incorporate the cardinal 
ligament at the time of hysterectomy or scar at the vaginal cuff.

Once the suspension sutures have been placed, a short supra-
pubic incision is made one fi ngerbreadth above the pubic bone to 
access the tendineus portion of the rectus fascia at its insertion on 
the pubis. Next, the endopelvic fascia is perforated with blunt 
and/or sharp dissection, and the retropubic space is easily entered. 
A double-pronged ligature carrier is passed under fi ngertip guid-
ance down into the vaginal incision. The two ends of each suture 
are placed through the eyes of the carrier, which is then withdrawn 
suprapubically (see Fig. 32-4C). Indigo carmine IV is adminis-
tered, and a cystoscopy is performed to confi rm no bladder or 
ureteral injury. After the vaginal incisions are closed, the suspen-
sion sutures are tied individually with minimal tension, and this is 
followed by closure of the suprapubic incision (see Fig. 32-5C).

Short and mid-term results for the procedure have been 
promising. At a mean of 25 months’ follow-up, based on 

questionnaire data, 77% of patients reported that they were cured 
or improved from their incontinence, and the rate of de novo 
urge incontinence was reported to be 8%.40 In an objective study 
based on voiding cystourethrogram appearance, the lateral height 
of the cystoceles decreased in a statistically signifi cant fashion 
postoperatively (Fig. 32-6).41 Long-term results with 5- to 10-year 
follow-up will soon be available. From a sexual function perspec-
tive, approximately 8% to 13% of middle-aged and elderly 
women experience dyspareunia.42,43 Lemack and Zimmern exam-
ined the rate of dyspareunia in women undergoing anterior 
vaginal wall suspension alone or with concomitant posterior 
repair. Overall, there was no difference between the two groups: 
4/22 (18%) of sexually active women reported intercourse as 
being painful postoperatively, compared with 6/21 (28%) of 
sexually active patients preoperatively. From these data, it was 
concluded that the anterior vaginal wall suspension procedure 
does not adversely affect sexual function.44

Cosson and associates, in 2001, described a technique similar 
to the anterior vaginal wall suspension. In this approach, an in 

A

B C
Figure 32-4 Anterior vaginal wall suspension. A, Initial setup. Bilateral incisions are created extending from the bladder neck to the vaginal 
cervix or cuff, with apical marking stitches placed to defi ne the vaginal plate, approximately 3 cm wide and 4 to 8 cm long. B, Placement 
of the suspension sutures. Sutures are helically placed over the entire length of the vaginal plate and approaching the midline. One suture 
is placed in each of the four quadrants. C, Final appearance. Suspension sutures have been placed bilaterally and passed through the 
retropubic space. Before closure of the vaginal incisions, cystoscopy is performed to confi rm no suture entry in the bladder. DS, distal suture; 
PS, proximal suture. (Adapted from Vasavada SP, Appell RA, Sand PK, Raz S (eds): Female Urology, Urogynecology, and Voiding 
Dysfunction. New York: Marcel Dekker, 2005.)
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situ vaginal patch approximately 4 cm wide and 6 to 8 cm long 
is created and suspended to the arcus tendineus with three pairs 
of sutures. The suspended in situ patch is then buried under the 
anterior colporrhaphy fl aps (Fig. 32-7). This approach was per-
formed in 47 patients with grade 3 cystocele, 38% of whom had 
concomitant UI. A 93% cure rate was achieved for cystocele cor-
rection at 16.4 months’ follow-up; no result of continence status 
was reported.45

Vaginal Wall Sling

In 1989, Raz also introduced the vaginal wall sling,46 more to 
increase outlet resistance than to restore the anatomic support of 
the urethra. The tension on the vaginal tissue not only increased 
urethral resistance but created a backboard for improved pres-
sure transmission.

A block A incision is made with the apex just proximal to 
the urethral meatus and the base extending several centimeters 
proximal to the bladder neck (Fig. 32-8A). Lateral dissection 
is performed to mobilize the urethra, but the midline tissue is 

left intact. A transverse incision is made across the fl ap at the area 
of the bladder neck. Proximally, the anterior vaginal wall is 
further dissected free to raise a vaginal fl ap. Polypropylene helical 
sutures are placed in the four corners of the distal vaginal island 
beneath the urethra. The sutures are transferred by a double-
pronged ligature carrier into a previously made small suprapubic 
incision (see Fig. 32-8B). Cystoscopy is performed to ensure no 
injury to the bladder or ureters. Next, the proximal vaginal fl ap 
is advanced over the “in situ” sling, and the vaginal wall is closed. 
The suprapubic sutures are then tied and the incisions are 
closed.

Appell reported modifi cations of the vaginal wall sling using 
retropubic or suprapubic bone anchors for suspension, a hori-
zontal mattress suture placed along the lateral edge, and preserva-
tion of the endopelvic fascia.47 Based on these modifi cations, 
Goldman and colleagues reported, at 19 months’ follow-up, a 
79.5% success rate.48 Mubiayi and associates reported experience 
with an in situ vaginal sling using a running (nonhelical) suture 
incorporating the entire lateral edge of the sling.49 With a mean 
of 25.1 months’ follow-up of the fi rst 75 patients, a 70% rate of 

A

B

C

Figure 32-5 Anterior vaginal wall suspension, intraoperative views. 
A, An apical marking stitch has been placed on the midline of the 
vaginal plate at the level of the vaginal cuff. B, The lateral incisions of 
the vaginal plate have been made, and the plate has been divided into 
four equal quadrants to guide placement of the four suspension 
sutures. C, The anterior vaginal wall is returned to its normal anatomic 
position after placement of the suspension sutures and transfer of 
these sutures suprapubically with a ligature carrier. Note the preserved 
vaginal depth and no overcorrection of the urethra and bladder base.
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cure or improvement was achieved. In patients with ISD the rate 
was 80%. Twenty percent developed de novo urgency or 
dysuria.

Mikhail and coworkers reported success with several modifi -
cations, including a running helical stitch incorporating the 
entire length of the lateral edge of the sling, bone anchors, 

denuding of the vaginal patch, and closure over the sling longitu-
dinally rather than by fl ap advancement.50 In this study, 53 women 
with SUI and no ISD underwent a vaginal wall sling with the 
modifi cations described, and 31 underwent a concomitant pro-
lapse procedure. Forty-four patients (83%) with a minimum of 5 
years of follow-up were reported as being symptomatically dry 
and without pads; 5.6% reported de novo urgency, and there were 
no cases of de novo dyspareunia. Serels and colleagues examined 
the success of combining in situ sling with cystocele repair.51 Eigh-
teen patients with grade 2 or grade 3 cystocele and SUI with no 
evidence of ISD on urodynamic studies (VLPP >50 cm H2O) were 
evaluated with 6 to 48 months of follow-up. Sixteen patients 
(89%) were dry postoperatively, 3 (17%) developed de novo 
urgency, and no patients had recurrence of their prolapse.

The vaginal wall sling appears to afford a mid-term success 
rate comparable to that of the fascial pubovaginal sling.52 Two 
studies, that of Mikhail and colleagues50 with a minimum follow-
up of more than 5 years and that of Kilicarslan and associates32 
with a mean follow-up of 4 years, reported dry rates of 83% and 
97%, respectively. However, neither study included patients with 
ISD based on urodynamic criteria.

Raz cautioned against performing the procedure in sexually 
active women with a short vagina due to the risk of shortening. 

A B
Figure 32-6 Standing cystourethrogram demonstrates the height of a cystocele with straining at maximum bladder capacity on a lateral 
view. A, Preoperatively, a grade 2 cystocele is present. B, Six months after an anterior vaginal wall suspension, there is no inferior descent 
below the level of the pubic symphysis on voiding cystourethrogram.36

In–situ vaginal
wall patch

Arcus tendineus

Figure 32-7 Cosson and associates described modifi cation to the 
anterior vaginal wall suspension. This schematic diagram represents 
the 4 × 8 cm in situ vaginal patch suspended to the arcus 
tendineus. The vaginal patch is then covered by anterior 
colporrhaphy fl aps. (Adapted from Cosson M, Collinet P, Occelli B, 
et al: Cure de cystocele par plastron vaginal. Progres en Urologie 
11:340, 2001.)
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In older women with signifi cant atrophic vaginitis, adequate 
tissue strength may be lacking. Additionally, women with signifi -
cant scarring of the anterior vaginal wall may not be good can-
didates. In regard to dyspareunia, Mikhail and coworkers, using 
a longitudinal closure over the fl ap, reported no de novo dyspa-
reunia in 49 of 51 sexually active patients.50 Angulo and associates 
reported a modifi cation using a longitudinal fl ap placed trans-
versely to avoid the potential of foreshortening the vagina. No 
sexually active patient had complaints of dyspareunia 6 months 
postoperatively.53

With the technique of the vaginal wall sling, buried epithelium 
creates a potential for the development of inclusion cysts in the 
area of the sling. Mubiayi and colleagues reported a 5% (4/75) 
rate of vaginal mucocele.49 In the English literature, there have 
been two further case reports.54,55

Goalpost Technique

Raz described his four-defect repair of grade 4 cystocele, a pro-
cedure known as the goalpost technique. He used a vaginal wall 
sling to support the bladder neck and urethra with concomitant 
reduction of the cystocele by reapproximation of the perivesical 
fascia and the cardinal ligaments over the midline (Fig. 32-9). 
Safi r and associates reported a 92% (103/112) success rate for 
cystocele correction and, in patients with preoperative SUI, a 
cure rate (dry or improved) of 90% (44/49).57 Leboeuf and 

colleagues reported a modifi ed procedure wherein Pelvicol mesh 
was interposed between the reapproximated perivesical fascia 
and the vaginal wall closure. In this study, 24 patients had the 
standard four-defect repair, and 19 had Pelvicol interposition. 
Overall, there was a 93% cure rate of the cystocele. Only 3 of 43 
patients had a recurrence, all within the Pelvicol group. For SUI, 
22/24 (91.6%) had resolution of their symptoms.58

DEBATE: A FUTURE FOR NEEDLE SUSPENSIONS?

[T]he Burch colposuspension was better in controlling stress 
incontinence but it led to an unacceptable high rate of 
prolapse recurrence. The anterior colporrhaphy was more 
effective in restoring vaginal anatomy but it was accompanied 
by an unacceptable low cure rate of stress incontinence. 
Neither of the two operations is recommended for women 
who are suffering from a combination of stress incontinence 
and advanced cystocele.59

As time has progressed, it has become apparent that prolapse 
and urethral hypermobility are not independent events. The 
vagina is a dynamic organ, and redistribution of forces may result 
in herniation in other parts of the vagina. Therefore prolapse 
disease can be viewed as a global vaginal phenomenon.60 In recent 

A B
Figure 32-8 Vaginal wall sling. A, A “Block A” incision is outlined on the anterior vaginal wall. B, Four suspension sutures have been placed 
with a narrow base anchor. Proximally, a vaginal wall fl ap has been created and will be advanced over the in situ vaginal sling patch at the 
end of the procedure. (Adapted from Raz S, Little NA, Juma S. Female Urology. In Walsh PC, Gittes RF, Perlmutter AD, Stamey TA: 
Compbell’s Urology, 6th ed., chap. 75, pp. 2782-2806; 1992. Philadelphia: WB Saunders.)
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Periurethral fascia

Vaginal flap
Cystocele

Puboocervial fascia

Cardinal ligament
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B C

Cardinal ligaments tied

Figure 32-9 Goalpost technique. A, Goalpost incision is outlined. The arms extend from the mid-urethra to 1 cm proximal to the bladder 
neck. The transverse crossbar connects the arms. The post extends from the crossbar (which is 1 cm proximal to the bladder neck and 
extends to the vaginal cuff). B, The vaginal mucosa is dissected off the underlying structures. The mucosa between the arms of the goalpost 
remains in situ to serve as the vaginal wall sling. C, Final appearance, with vaginal wall sling sutures passed through the retropubic space. 
Sutures are placed transversely to reapproximate the perivesical fascia for correction of the cystocele.
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statistics, 18% to 41% of patients undergoing procedures for POP 
received concomitant anti-incontinence procedures.2,3

The paradigm has shifted with regard to the needle suspension 
procedures. Pereyra fi rst conceptualized needle suspension for 
the correction of urethral hypermobility and treatment of incon-
tinence; we now have needle suspension procedures that can 
concomitantly correct cystoceles and SUI secondary to urethral 
hypermobility. One of the greatest assets of current needle sus-
pension procedures has been the use of native tissue to provide 
broad support to the anterior vaginal wall as a single unit. Unlike 
the anterior colporrhaphy, the anterior vaginal wall suspension 
and the vaginal wall sling do not rely on weakened muscular 
or fascial attachments but use the actual vaginal mucosa 
beneath the bladder neck and bladder base to provide the support 
mechanism. Careful review of more recent literature indicates 
that experienced vaginal surgeons can attain a good success rate 

in the correction of cystocele and urethral hypermobility with 
one simple procedure and with minimal perioperative risks 
(Table 32-3).

The concept of using a foreign tissue to reinforce the strength 
of a defective tissue was fi rst applied in general surgery. However, 
the use of foreign materials such as synthetics, allografts, and 
xenografts has both real and theoretical benefi cial and adverse 
implications. In the area of vaginal reconstruction and treatment 
of SUI, surgeons began using foreign materials for midurethral 
slings a decade ago, and, with increasing practice, this experience 
has now been extended to reinforce the vaginal mucosa in cysto-
cele repairs and other vaginal compartments.

One can argue for the advantages and disadvantages of 
every material regarding safety, durability, and effectiveness 
(Table 32-4). This is beyond the scope of this chapter, but it is 
fair to state that, for the transvaginal repair of SUI with 

Table 32-3 Midterm Incontinence Results of Contemporary Needle Suspension Procedures, Alone and with 
Associated Anterior Compartment Prolapse

First Author 
and Ref. No. Year

Follow-up,
Mean 
(mo)

Follow-up, 
Range 
(mo) N Procedure

% 
Cystocele
Correction % Dry

% Dry + 
Improved

% 
Subjective 

Cure
% De Novo 
Incontinence

Raz46 1989 10-28  26 VWS 88 23
Juma61 1992 23.9  7-52  65 VWS 90.7 94.4 14.8
Kaplan62 1996 21.4  6-51  43

 36
PVS
VWS

95
97

89
94

14
 8

Serels51 1999 12-48  18 VWS + AC No 
comment

89 89 17

Goldman48 2000 19 13-28  39 VWS
Group 1: 

VLPP 
>50

Group 2: 
VLPP 
<50

79.5
93

40

Kaplan60 2000 39.8  4-77 373 VWS 93 at 1 yr 
(n = 341)

95 at 5 yr 
(n = 114)

93  8

Angulo53 2001 42 12-83  41 VWS 
modifi ed 
+ AC

93 88  7

Mikhail50 2003 67 63-98  53 VWS + 
other

83  5.6

Kilicarslan32 2003 43.2
45.6
49

 20
 29
 39

Burch
FCBNS
VWS

70
74
97

 0

Raz26 1989 24  6-60 107 FCBNS 98 94  5
Dmochowski33 1997 37 15-80  47 FCBNS 53 83 92  2
Costantini34 2003 62 36-83  37 FCBNS

(VWS if 
VLPP 
<60)

85

Safi r57 1999 21  6-42 112 Goalpost 92 90  7
Leboeuf58 2004 15  6-48  43 Goalpost 93 91.6 11.7
Lemack39 2000 25 Minimum 

12
 61 AVWS 77  3

AC, anterior colporrhaphy; AVWS, anterior vaginal wall suspension; FCBNS, four-corner bladder neck suspension; PVS, pubovaginal sling; VLPP, Valsalva 
leak point pressure; VWS, vaginal wall sling.
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concomitant cystocele, an ideal mesh material has not yet been 
identifi ed. In the case of synthetics, additional issues currently 
debated are related to surgical technique, how and where to 
anchor the mesh material, mesh shrinkage, changes in sexual 
function, and challenges posed by removal of the mesh material 
if erosion, infection, or pain forces a reoperation.63-67

As with any surgical procedure, there will always be failures. 
Failure of a procedure can be attributed to technical factors, 
tissue factors, and, perhaps most importantly, patient selection. 
We now understand the process of detachment of the anterior 
vaginal wall from its lateral pelvic support resulting in SUI and a 
lateral defect cystocele, possibly progressing to a more advanced 
stage with a central defect,68,69 and we better understand the 
intrinsic “fl aws” of many of the early needle suspension proce-
dures. Today, we realize that repetitive stitch placement in the 
same plane will create a point of weakness resulting in suture 
pull-through, that tension on the tissues leading to overcorrec-
tion should be avoided, and that broad-based plates are better 
than narrow fl aps. We also better understand that satisfactory 
results depend on retropubic scar formation induced by the dis-
section of the retropubic space (as in a Burch procedure) and has 
little to do with the variable atrophic appearance of the vaginal 
tissue. We have also recognized that all patients with SUI are 
not equal; there is an important subgroup that has ISD. In this 
group of patients, stabilization of the anterior vaginal wall to 
eliminate urethral hypermobility is unlikely to correct their 
incontinence.

It is well known that we lack good scientifi c data to compare 
the outcomes of different surgical procedures and that the defi ni-
tion of success is not uniform across studies. The Cochrane 
report exemplifi ed this in its statement: “[B]ladder neck needle 

suspension surgery is probably not as good as open abdominal 
retropubic suspension.  .  .  . However, the reliability of the evi-
dence was limited by poor quality and small trials.  .  .  . There was 
not enough information to comment on comparisons with subu-
rethral sling operations.”25 These observations spurred interest 
for several randomized control trials on incontinence and pro-
lapse repair,21-23,70 including multicenter study sponsored by the 
National Institutes of Health to compare the Burch procedure 
versus rectus fascia sling in women with stress-predominant 
incontinence.71

CONCLUSION

Despite the shortfalls of the literature, it appears that the current 
role of the needle suspension procedures is their applicability to 
patients with anterior vaginal wall mobility resulting in cystocele 
and/or SUI. The safety, simplicity, and minimal morbidity of 
these procedures need to be weighed against the long-term 
concern of using native tissue for repair. Recently, the trend has 
been to enhance the traditional anterior colporrhaphy with the 
interposition of a variety of mesh materials, but very little is 
known about the results and complications of these newer mate-
rials. Both the Cochrane and International Consultation on 
Incontinence (ICI) groups reviewing existing data cautioned that 
these materials should be used only in the context of well-designed 
randomized controlled trials on properly consented patients.72 
Ongoing studies on the biomechanical properties of the human 
anterior vaginal wall may shed light on the changes of the vaginal 
wall with aging and help in designing an ideal biocompatible 
material suited to an individual patient.73

Table 32-4 Advantages and Disadvantages of Use of Native Tissue in Anterior Vaginal Wall Reconstruction

Topic Advantages Disadvantages

Goal FCBNS and AVWS: Anterior vaginal wall support 
VWS: Sling effect

Does not correct ISD
Does not provide support to the upper anterior vaginal 

wall
Technique Low cost

Simple and versatile
Short OR time
No change in vaginal length

Basic training in vaginal surgery

Recovery Minimal discomfort and narcotic use Longer convalescence recommended than for 
midurethral sling

Safety Low morbidity (bladder injury, transfusion)
Low rate of de novo urge incontinence and rare voiding 

dysfunction
Results Effective for anatomic correction of urethral 

hypermobility and cystocele
No long term data (>5 years)
Concern in young patients

AVWS, anterior vaginal wall suspension; FCBNS, four-corner bladder neck suspension; ISD, intrinsic sphincter defi ciency; VWS, vaginal wall sling.
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Chapter 33

VAGINAL WALL SLING
Rodney A. Appell

There are a plethora of surgical procedures for the treatment of 
female stress urinary incontinence (SUI). More than 200 proce-
dures currently exist, and the list is still growing. Sincere attempts 
to overcome imperfect results and to avoid complications, as well 
as pressures from industry and patients, have all taken part in this 
evolution, or perhaps revolution, with innovative, creative 
attempts over the last decade aimed at performing less invasive 
surgery for SUI, to decrease morbidity, hospital stay, postopera-
tive discomfort, and perhaps even the cost of surgery. There are 
nonlaparoscopic procedures available for SUI that are minimally 
invasive and share many of these qualities just described; in the 
carefully chosen patient, they provide a reasonable surgical option 
for the treatment of SUI. This chapter reviews the surgical tech-
niques and results of vaginal wall slings.

Surgical procedures in this category are really modifi cations 
of transvaginal suspensions that were designed to support the 
proximal urethra and bladder neck into a high retropubic posi-
tion transvaginally, presumably in a less invasive way than with 
retropubic suspensions. A midline or inverted U-shaped incision 
was created at the anterior vaginal wall. The periurethral liga-
ments and, in some procedures, the deep part of the vaginal epi-
thelium were included in a helical suture. The suture was then 
transferred, using a long needle passer, to a small suprapubic 
incision. This step was then repeated on the contralateral side. 
Tying the sutures in the suprapubic area resulted in suspension 
of the bladder neck and the proximal urethra into a high retro-
pubic position. Variations on these themes included modifi ca-
tions by Pereyra in 1959,1 Stamey in 19732 and 1981,3 and Gittes 
in 1987.4 These variations differed in the shape of the vaginal 
incision (midline, T-shaped, inverted U), the way the needle was 
passed (direct fi nger guidance or blindly), the anchoring tissue, 
and the use of cystoscopy (to rule out injury or to confi rm suture 
placement). As a group, these procedures have been less effi ca-
cious than retropubic suspensions or sling procedures. They 
carry a success rate of 67% with 4 or more years of follow-up.5 A 
possible explanation for their lesser effi cacy may include pull-
through of the sutures through the supporting anchoring struc-
tures and eventual failure of the supporting mechanism at the 
level of the bladder neck and proximal urethra. Future applica-
tions for these procedures seem to be limited unless they can be 
used in conjunction with the “sling concept.”

MINIMALLY INVASIVE SLING PROCEDURES

Sling procedures have been used for almost a century in efforts 
to correct SUI and are constantly evolving. In recent years, several 
observations have helped direct innovations. In the past, SUI was 
separated into urethral hypermobility (type I and II) and intrinsic 
sphincter defi ciency or ISD (type III). Now it is believed that, if 
SUI is present, there must be some component of sphincteric 

defi ciency. Sling procedures were originally designed for the 
treatment of the ISD type of urinary SUI and for recurrent SUI 
when prior surgical treatments had failed. Now, however, sling 
procedures are used also in the treatment of primary SUI.

If a sling procedure is chosen, there are many technical options 
available for placement and choice of sling material: in situ 
vaginal wall, free vaginal wall graft, synthetic material, cadaveric 
fascia lata, autologous rectus fascia, and autologous fascia lata. 
Despite the success of synthetic slings placed at the mid-urethra, 
there are many patients and surgeons for whom the placement 
of a foreign body through the vagina is not acceptable. For such 
patients, and especially for those with abdominal (Valsalva) leak 
point pressure (VLLP) greater than 50 cm H2O, an acceptable 
alternative is an in situ vaginal wall sling.6 Through the use of the 
vaginal wall, the time and morbidity of the sling procedure can 
be decreased, and the use of any foreign material is avoided. 
Furthermore, regardless of the sling material, preservation of the 
endopelvic fascia may help to prevent recurrent paravaginal 
defects may decrease the operative morbidity by reducing the 
surgical dissection and adverse side effects such as detrusor insta-
bility. The sling should then be fi xed in position and tied without 
tension.

PREOPERATIVE ASSESSMENT

Every patient undergoes a careful pelvic examination, measure-
ment of postvoid residual volume, and a supine stress test. 
Patients with mixed incontinence or an elevated postvoid resid-
ual volume always undergo urodynamic testing. Patients with 
pure SUI, on the other hand, should have urodynamic testing 
with determination of VLLP to help determine whether the type 
of sling material to be used is in question. Cystoscopy can be 
reserved preoperatively for the patient with complaints of signifi -
cant urgency. Any pelvic organ prolapse noted on physical exam-
ination should be addressed at the time of the proposed 
incontinence surgery.

METHOD: IN SITU VAGINAL WALL SLING WITH 
PRESERVATION OF THE ENDOPELVIC FASCIA

An incision is created in the anterior vaginal wall in the shape of 
an “A.” The island of the “A” is used as the in situ sling. The 
proximal end of the island is at the bladder neck, and the distal 
end is at the mid-urethra. The anterior vaginal wall tissue lateral 
to the in situ sling is mobilized to the inferior pubic rami just to 
the level of the endopelvic fascia. The legs of the “A” are then 
further dissected so as to create a fl ap to cover the in situ sling 
(Fig. 33-1).
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A suprapubic incision is then made, and a heavy, nonabsorb-
able suture is fi xed into position. Classically, the fi xation may take 
place in one of three ways. The suture can be anchored using 
bone anchors into both pubic tubercles, or it can be anchored 
by taking a no. 6 free Mayo needle and driving it through the 
fascial leaf overlying the insertion of the rectus fascia behind the 
pubic bone or into the pubic bone itself.7,8 One end of the suture 
is then passed from the suprapubic site into the vaginal lumen 
via the lateral sling incision, using a 15- or 30-degree Stamey-type 
needle. The suture is then loaded onto the no. 6 free Mayo needle 
and placed through the in situ sling as well as the pubocervical 
fascia, using a horizontal mattress or U-stitch suture. The Stamey-
type needle delivers the suture back to the suprapubic wound 
(Figs. 32-2 and 33-3). Cystoscopy is then performed with a 70-
degree lens to evaluate for effl ux of urine from the ureteral 
orifi ces and bladder perforation.

The vaginal wall is closed with a running locking 2-0 polygly-
colic acid suture. At this point, the catheter and vaginal retractors 
are removed (Fig. 33-4). A wink sign (i.e., a tugging up of the 
bladder neck when pressure is applied to pull on the sling sutures) 
is noticed, and the sutures are tied over a clamp or Hegar dilator 
that is approximately 5 to 7 mm in diameter or over the forefi n-
ger of the surgical assistant. The catheter is replaced, and gentle 
traction is applied to the bladder neck to allow the suprapubic 
knots to lie correctly. A vaginal pack with estrogen cream is then 
applied.

The use of transvaginal bone anchors and vaginal wall to 
correct SUI has also been reported.9,10 In these studies, two vaginal 
wall screws on either side of the urethra were placed through the 

A B
Figure 33-1 A, Incision line for formation of the in situ sling. B, Dissection of vaginal fl ap for ultimate closure.

Figure 33-2 Stabilization of bladder neck: placement of vaginal 
sutures.

Ch033-X2339.indd   376 1/31/2008   2:32:57 PM



 Chapter 33 VAGINAL WALL SLING 377

vaginal wall itself, for a total of four bone anchors. The bone 
anchors were driven into the pubic bone on either side of the 
symphysis. They were placed approximately 2 cm from the 
urethra, and each pair of ipsilateral sutures was approximately 1 
to 2 cm apart. On each side, one of the sutures was passed through 
its defect created in the vaginal wall to the ipsilateral suture 
vaginal wall defect, a distance of approximately 1 to 2 cm. The 
ipsilateral sutures were then tied to each other, and the knot was 
buried in the vaginal wall.

RESULTS

The Cleveland Clinic Foundation reported on a series of patients 
using the in situ sling technique.11 In this series, 20 patients with 
a mean age of 55 years were monitored for a mean of 26 months 
(range, 24 to 29 months). Follow-up consisted of a questionnaire 
and physical examination with provocative pad test. Ninety-fi ve 
percent of the patients were cured. One patient had recurrent 
SUI. Three patients had a delay in voiding until 3 weeks after the 
procedure. There were two patients with de novo instability in 
whom the problem resolved within 2 months. Raz and col-
leagues12 had previously reported success in 77% of patients, and 
in a follow-up study 4 years later, Juma and associates13 reported 
a success rate of 94.4% in a series of 65 patients. Kaplan and col-
leagues14 performed a comparison of rectus fascia and vaginal 
wall slings. The satisfaction and success rates were similar, and 
the group that underwent the vaginal wall sling had a shorter 
operative time and shorter hospital stay.

The procedure has few complications reported to date. The 
disadvantages are thought to be the fact that the vaginal tissue 
used is weak6 and that there may be a risk of epithelial inclusion 
cyst formation.15

The group from Israel has published results on their trans-
vaginal bone anchoring techniques.9,10 The most recently pub-
lished study evaluated 61 patients with a mean follow-up of at 
least 12 months (range, 12 to 30 months). In this study, the cure 
rate was reported as 82%.9 An earlier study of 50 patients with a 
12-month mean follow-up showed a cure rate of 82% and a mean 
operative time of 28 minutes.10 There were no instances of urinary 
retention or osteitis pubis noted. However, three patients did 
report transient dyspareunia, and three patients were found to 
have suture material in their bladder which required removal. 
There was no mention of preprocedure urgency or of de novo 
urgency or urge incontinence.

POSTOPERATIVE MANAGEMENT

All patients stay in the hospital for up to 23 hours. The vaginal 
packing and catheter are then removed before the patient is 
discharged.

COMMENT

The pubovaginal sling, when used in conjunction with preserva-
tion of the endopelvic fascia, can cure SUI. It is known that entry 
into the retropubic space may increase the risk of bleeding, neu-
rovascular damage, and injury to adjacent structures.15-18 In a 
study by Kohle and colleagues,19 there was a greater incidence of 
recurrent cystocele formation and paravaginal defects after Raz 

Figure 33-3 Stabilization of bladder neck: transfer of sutures to 
suprapubic site.

Figure 33-4 Closure of vaginal incision.
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needle suspension procedures that involved detachment of the 
endopelvic fascia from its insertion on the arcus tendineus.

The in situ sling, in the carefully chosen patient, is an excellent 
way to correct SUI. The currently available data seem to support 
the use of bone fi xation with preservation of the endopelvic fascia 
without a need to enter the space of Retzius, although there is a 

lack of comparative studies to confi rm this statement. However, 
it is clear that this technique can reduce morbidity and provide 
a more stable point of fi xation for the sling. The procedure pro-
vides an appropriate alternative sling for those patients and/or 
physicians who reject the idea of foreign body slings through the 
vagina.
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Chapter 34

FREE VAGINAL WALL SLING
Dmitry U. Pushkar

Pubovaginal sling procedures are the main surgical operations 
used to correct stress urinary incontinence (SUI). These proce-
dures provide for a tape insertion underneath the urethra or 
bladder neck. The American Urological Association guidelines 
panel studied the long-term effi cacy of all anti-incontinence pro-
cedures and found that pubovaginal slings were among the most 
versatile and successful.1-14

Until the end of the 1990s in most cases autologous tissues 
were used to create a tape. However, by the late 1990s specialists 
began to make use of synthetic materials, mainly in the form of 
Prolene tapes.9,13

This chapter covers several aspects of the free vaginal wall sling 
procedure. At the same time, it touches on the technical particu-
larities of the full-thickness, nonisolated vaginal wall fl ap, based 
on the bladder neck area. This procedure was fi rst described in 
1996 by the French group from Nice.11 The patient is placed in 
the lithotomy position with access to the suprapubic area, and an 
18-Fr Foley catheter is inserted. After the vaginal cavity is exposed 
a U-shaped incision is made to create a rectangular fl ap based 
superiorly in the bladder neck (Fig. 34-1). During vaginal dissec-
tion, it is preferable to create a thin fl ap to preserve perivesical 
tissue for cystocele repair. After fl ap mobilization, the cystocele 
is repaired with a running double-layer 3-0 monofi lament poly-
glyconate suture (Fig. 34-2). The rectangular vaginal fl ap is then 
rolled to form a tube and secured at each end with two 2-0 poly-
propylene sutures. Before being rolled, the vaginal fl ap must be 
de-epithelialized with a scalpel to prevent postoperative cyst for-
mation. Then, the vaginal tube is positioned in the bladder neck 
and sutured to periurethral tissues or suspended subcutaneously 
with two 2-0 polypropylene sutures (Fig. 34-3). Cystoscopy is 
performed to rule out urethral or bladder perforation and confi rm 
bladder neck suspension. Posterior colporrhaphy is performed, 
and a povidone-iodine–impregnated vaginal gauze is inserted; it 
is removed the following day. Normally, the Foley catheter is 
withdrawn after 48 hours.

It is still questionable whether the vaginal wall sling procedure 
should remain in the surgical armamentarium. We believe that 
this textbook would not be complete without coverage of this 
procedure.

The desire to make use of autologous vaginal tissue for the 
treatment of SUI fi rst surfaced at the beginning of the 20th 
century. This was motivated by patients experiencing a combina-
tion of incontinence and cystocele, which provided for the 
enlargement of the vaginal wall, with subsequent preparation of 
a viable vaginal fl ap. Previously, full-size fl aps had been employed, 
which led to a high rate of morbidity.

The application of monofi lament polypropylene materials, 
such as Prolene sutures, allowed for further minimization of the 
procedures, with shorter fl ap creation. These sutures were used 
for a wide variety of suspensions. The fl ap itself had to meet 
several requirements. The primary requirement was that the fl ap 

must be long enough to support the bladder neck, and it must 
be viable, providing for full thickness of the vaginal wall.

It remains to be asked whether the classifi cation of type 1, 2, 
or 3 SUI is still useful. Sling procedures were in the past reserved 
for correction of ISD. Today, it has been shown that most female 
patients with SUI have some kind of ISD. In our department, we 
have edged away from a standard classifi cation of SUI and now 
pay particular attention to the anatomy of the patient. We believe 
that SUI associated with either cystocele, rectocele, or pelvic fl oor 
dysfunction clearly calls for a change in accepted “textbook” 
treatment planning.

Why do patients choose free vaginal wall sling procedures? 
What are the long-term functional results of these procedures? 
What is the purpose of the patient-doctor conversation, and 
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Figure 34-1 A U-shaped incision is performed to create a 
rectangular vaginal fl ap based on the bladder neck area.
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should we convince our patients to proceed with this type of 
surgery? Should the free vaginal wall procedure remain in the 
surgical armamentarium? Finally, should we make any com-
parison with synthetic tapes or other tension-free vaginal tape 
(TVT)-like procedures?

RATIONALE

The free vaginal wall procedure may have the following 
applications:

1. Mild to moderate SUI in elderly patients with cystocele
2. Patients unwilling to use any synthetic materials
3. Young patients with mild SUI, who are rarely scheduled for 

surgery. There is a lack of long-term follow-up of synthetic 
materials. These patients may develop recurrence in the 
distant future, which can dictate the use of synthetic materials 
such as TVT.

4. Patient desire to have a minimal operation with use of auto-
logous tissue and no abdominal scar.

PREOPERATIVE CONSIDERATIONS

Preoperative considerations currently include the following 
requirements:

1. Mild to moderate SUI
2. Symptoms confi rmed by signs is always preferable, which 

means demonstrable involuntary urine loss during physical 
examination while coughing or sneezing

3. No signs of vaginal atrophy
4. No signs of detrusor instability—cystometry must be per-

formed if detrusor instability is suspected
5. Cystocele provides enlarged vaginal wall to create viable 

fl ap; surgeon may decide whether fl ap can be created from 
posterior part if rectocele is present

6. Urinary tract infection excluded
7. Cystoscopy, which is routinely performed in our 

department
8. Ultrasound examination, also a usual part of preoperative 

assessment
9. Informed consent and strong will of the patient to undergo 

surgery

SURGICAL TECHNIQUE

We believe that several fl ap sizes may be used. The choice depends 
on the surgeon’s experience and preference. For example, if the 
surgeon has substantial experience in using full-size slings, he or 
she may opt for a longer vaginal wall fl ap. If the patient’s anatomy 
does not allow for the creation of such a long fl ap, the operation 
may nonetheless still be performed. Our patient experience has 
shown an average fl ap size of 1.5 to 3.5 cm. An isolated vaginal 
fl ap may be formed from either the anterior or the posterior 
vaginal wall. Rectocele facilitates a vaginal fl ap formation from 
the posterior part of the vaginal wall (Fig. 34-4). After the fl ap 
has been prepared, the next step of the procedure is cystocele 
repair, using conventional techniques with several layers of 
absorbable sutures. Because a lack of vaginal mucosa may occur 
after the fl ap formation, care must be taken to restore the 

Figure 34-2 A full-thickness rectangular fl ap based on the bladder 
neck area is created from the anterior vaginal wall. This fl ap may 
be kept and used as a fi xed fl ap based on the bladder neck 
suspended by two 1-0 Prolene sutures in the suprapubic area. 
Cystocele is repaired. This fl ap may also be isolated if a free vaginal 
wall sling by isolated fl ap is preferred.

Figure 34-3 A vaginal fl ap is rolled to form a tube and is secured 
at each end with two 1-0 Prolene sutures, with subsequent passage 
and attachment of these sutures suprapubicly.
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cystocele well, in order to provide a tension-free closure of the 
vaginal wall. Normally, we use Monocryl 3/0, providing several 
layers of sutures. Recently, we have tried to avoid extensive mobi-
lization of the perivesical tissues.

On each corner of the fl ap, four Prolene 1-0 sutures are 
attached and the fl ap is placed in an antibiotic solution (Fig. 
34-5). The fl ap will be positioned in such a way that the vaginal 
mucosa is exposed. We have now decided to lengthen the vaginal 
incision, in order to locate the vaginal fl ap around the mid-
urethra (Fig. 34-6). This allows us to avoid the creation of 
perivesical tunnels. Previously, we used Pereyra ligature carriers 
to pass Prolene sutures from the vagina to the suprapubic area. 
Now, we opt for a different approach, which provides for passage 
of the suture from the vagina to the suprapubic area with the use 
of special vaginal needles, called tunnelers (Fig. 34-7).

In cases where the fl ap is taken from the posterior vaginal wall, 
rectocele repair should be performed. If there is no cystocele or 
rectocele, the fl ap should always be taken from the anterior 
vaginal wall and positioned in the midurethral area.

Cystoscopy must be performed on all patients to exclude 
bladder perforation. A 70-degree cystoscopic lens should be used. 
We do not inject indigo carmine intravenously. If a bladder 

perforation should occur, we extract the suture and insert it again 
in a more lateral position. In such cases, we leave a Foley catheter 
in place for 72 hours. Otherwise, in normal cases, the Foley cath-
eter is removed on the morning after surgery. Vaginal closure 
with either running or interrupted absorbable sutures is a fi nal 
step of the procedure (Fig. 34-8). Vaginal packing is routinely 
used after this procedure and is removed the next day.

Antibiotic therapy is administered to all patients intraopera-
tively and during the course of the three following days.

The average hospital stay for patients experiencing noncom-
plicated cases is 2.1 days. For those patients who have under-
gone simultaneous rectocele or cystocele repair, 4.2 days is the 
average stay.

RESULTS

Free vaginal wall sling procedures have been performed in our 
department since 1989. A total of 189 patients, with a mean age 
of 67.3 years (range, 31 to 87 years) have undergone free vaginal 
wall sling procedures. The mean operative time was 43.1 minutes. 
The vast majority of patients had fl aps taken from the anterior 

A B
Figure 34-4 Isolated fl aps may be formed from either the anterior (A) or the posterior (B) vaginal wall.
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vaginal wall. We were able to conduct follow-up studies of 109 
(57.7%) of these patients after a mean of 9.7 years. Other patients 
were unavailable for follow-up.

Eighty-six percent of the patients undergoing free vaginal wall 
sling procedures showed good results after a 6-month follow-up 
(i.e., no signs of SUI or other voiding disorders). Sixty-seven 
(61.5%) of the 109 patients showed good results after a mean of 
9.7 years with no anatomic problems. Retrospectively, it was 
observed that those patients with mild to moderate SUI showed 
better results. There was no correlation between grade of cysto-
cele and continence restoration. Patients applying to us during 
the follow-up with recurrent SUI after 1999 underwent TVT 
procedures. When performing TVT procedures on these patients, 
we did not observe any technical diffi culties.

SURGICAL TIPS AND TRICKS AND POSSIBLE 
INTRAOPERATIVE COMPLICATIONS

A careful vaginal examination, once the surgical procedure has 
started and the patient is under anesthesia (we use spinal anes-
thesia for most patients), helps to determine the fl ap location and 
create a fi nal surgical plan.

In most cases, we employ a hydropreparation of the vaginal 
wall, which facilitates fl ap creation.

Careful mobilization of the perivesical tissues toward the 
pelvic wall permits a proper repair of the cystocele and minimizes 
tension on the vaginal wall during vaginal closure. Usually, it 
should not be a problem to close the vaginal wall during the fi nal 
step of the procedure if the tissues were properly mobilized.

A

B
Figure 34-5 A, An isolated full-thickness vaginal wall fl ap is 
formed. B, The four 1-0 Prolene sutures are attached on each 
corner of the fl ap.

Figure 34-6 The vaginal incision is lengthened to locate the vaginal 
fl ap around the mid-urethra. A vaginal fl ap is secured by two 1-0 
Prolene sutures with subsequent attachment of these sutures 
suprapubicly.

Figure 34-7 The main surgical instruments and suture material used 
to perform a vaginal wall sling procedure. It should be noticed that 
either Pereyra ligature carrier or a vaginal tunneler with handles 
may be used for Prolene suture passage. A Metzenbaum dissecting 
scissors is used to mobilize perivesical tissues and to create a 
periurethral space. Russ. modell forceps are helpful to facilitate 
tissue traction.
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Nowadays, both a vaginal and suprapubic needle passage may 
be used, because several tunnelers have been introduced on the 
market.13 Pereyra ligature carriers are the standard applicator 
used to pass sutures from the vaginal to suprapubic area, tying 
them over the rectus fascia. Passing needles from the vagina 
suprapubically can facilitate the procedure, avoiding extra mobi-
lization of the periurethral areas and preserving the bladder 
neck.

Bleeding from the perivesical venous systems can be massive. 
It stops once the vaginal wall restoration has been completed. 
We usually employ mattress sutures to provide additional 
hemostasis.

Bladder perforation is a rare complication and should be dis-
covered once a cystoscopy is performed. If a needle should be 
found penetrating inside the bladder, one must reinsert the 
needle, with a prolonged Foley placement for an additional 48 
hours.

In rare cases, if a newly created fl ap appears to be nonviable, 
the surgeon should consider a new operative plan. In such cases, 
we normally use a different tissue for the fl ap (i.e., the patient’s 
skin taken from the abdominal wall). Notwithstanding that this 
is a rare condition, the patient must be aware beforehand that 
this is a possible outcome of the procedure and that the treatment 
plan might have to be changed if the vaginal tissue is not viable 
enough.11

A vaginal hysterectomy may be easily performed, if necessary, 
before fl ap creation. In this case, the fl ap is created in the same 
fashion.

EARLY POSTOPERATIVE COMPLICATIONS 
(0 TO 48 HOURS)

Early postoperative complications may include inability to void, 
pain, SUI, and hematoma formation.

We differentiate inability to void after surgery from typical 
bladder outlet obstruction, which has been described after several 
sling procedures. We believe that anatomic changes are the main 
cause for bladder outlet obstruction. In our experience, 11 
patients (5.8%) demonstrated an inability to void after the 
procedure, which was resolved after a simple catheterization.

Pain in the suprapubic or groin area is rarely noted, and 
it usually disappears after secondary medical treatment with 
nonsteroidal anti-infl ammatory medications. Two patients in 
our series experienced severe pain, which lasted more than 3 
months.

Immediate recurrence of SUI after the procedure has not been 
noted.

Perivesical hematoma formation is a rare complication if a 
Pererya ligature carrier is used. Two patients in our series devel-
oped large hematomas with associated fever, which required per-
cutaneous drain placement. In the case of smaller hematomas, 
careful follow-up is important. Abdominal ultrasound post-
operatively is used for the residual volume assessment, facilitating 
hematoma evaluation.

LONG-TERM POSTOPERATIVE COMPLICATIONS 
AND OPERATIVE RESULTS

Long-term follow-up data were obtained from 109 (57.7%) of 
189 patients who underwent free vaginal wall sling procedures. 
The mean follow-up time was 9.7 years. For various reasons, the 
remainder of patients were not available for subsequent 
evaluation.

We did not observe any de novo voiding dysfunctions at 3 or 
6 months after the procedure. After 6 months, de novo detrusor 
instability was observed in 6% of the patients, which is slightly 
lower than after other procedures.

We began to analyze results 6 months after completion of the 
individual procedures. Good results included no sign of SUI and 
no voiding dysfunctions. Those patients who were well acquainted 
with the operative procedure and involved in the decision-making 
process had better functional results, with faster voiding restora-
tion. Good results were noted in 86% of the patients 6 months 
after the procedure.

Currently, we do not have regular annual data, and therefore 
we may report only that 67/109 patients (61.5%) had good results 
with no signs of incontinence or anatomic abnormalities.

Retrospectively, it should be noted that earlier recurrences of 
SUI occurred in patients with severe SUI symptoms, whereas 
patients with mild to moderate SUI had better results, with later 
or no recurrences of SUI. It should also be emphasized that no 
correlation between SUI recurrence and the degree of cystocele 
was found.

Patients with SUI recurrence who applied to us after 1999 
underwent TVT procedures. We did not experience any technical 

Figure 34-8 A vaginal wall closure is the fi nal step of the 
procedure.
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diffi culties doing TVT procedures on patients who had previ-
ously had vaginal wall sling operations.

CONCLUSIONS

The use of autologous tissues in SUI surgery in female patients 
should remain in the surgical armamentarium for specialists 
dealing with patients suffering from SUI. Currently, this proce-
dure should be reserved for patients who choose autologous 
tissues instead of synthetics for their treatment. At the same time, 
cystocele provides extra tissue for the fl ap creation—mainly for 
elderly patients with mild to moderate SUI .

It should be emphasized that patients with mild to moderate 
SUI and cystocele showed better results, with no sign of involun-
tary loss of urine or new voiding dysfunctions.

The success rate of 61.5% for such a procedure, although 
lower than that of the TVT procedure, has a longer follow-up 
study period.15 The TVT procedure can still be easily performed 
in case of recurrence of SUI after the vaginal wall sling.

The vaginal wall sling leads to a lower rate of complications, 
which in any case are easier to manage. This should be empha-
sized in patient-doctor consultations.

Abdominal ultrasound is an easy tool to evaluate patients 
postoperatively for hematoma formation. Hematomas may be 
managed conservatively. New voiding dysfunctions occurred in 
6% of the patients and were mainly of a transitory nature.
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Chapter 35

COLPOCYSTOURETHROPEXY
Emil A. Tanagho

Genuine stress urinary incontinence (SUI) is a specifi c entity 
directly related to an anatomic abnormality that results in 
impaired effi ciency of the urethral sphincteric mechanism, allow-
ing loss of urine with increased intra-abdominal pressure. Owing 
to recent advances in urodynamic studies and the appreciation 
of the pathophysiology of true SUI, the treatment of this problem 
has become better understood; consequently, the purpose of 
surgical repair and the means of achieving it can be clearly 
defi ned.

SURGICAL PRINCIPLES

In pure SUI, the sphincteric mechanism, with its striated somatic 
component and its smooth sphincteric element, is essentially 
normal. It is loss of the normal anatomic position or normal 
anatomic support, or both, that weakens the functional effi ciency 
of this sphincteric unit. Accordingly, restoration of normal posi-
tion and support of the vesicourethral segment usually reestab-
lishes normal sphincteric function.

From this basic principle, it is clear that a suprapubic approach 
is both more effective than an anterior vaginal repair and longer 
lasting in terms of restoring the position and support of the 
sphincteric unit. Trying to push the urethrovesical junction into 

a normal retropubic position from below is obviously less sound 
than achieving the same result from above. The latter is the 
logical approach for placing the urethra and the urethrovesical 
segment in a secure, well-supported, normal anatomic position.

Preoperative demonstration of the presence of the anatomic 
abnormality is essential to the evaluation of the patient, because, 
in the absence of any anatomic variance, there is no reason for a 
surgical repair primarily intended to restore normal anatomy and 
support.

A lateral cystogram obtained with a radiopaque, soft red 
Robinson catheter permits visualization of the vesicourethral 
segment and its anatomic relationships. Two exposures with the 
patient in the absolute lateral position, fi rst relaxed and then with 
maximum straining (Figs. 35-1 and 35-2), will demonstrate the 
extent of mobility and thus the effectiveness of the support to the 
vesicourethral segment. This study permits evaluation of both 
the normal resting position and the extent of mobility. If the 
resting position is abnormal (lower than normal), if the mobility 
of the vesicourethral segment is excessive (Fig. 35-3), or if both 
conditions are present, the lateral cystogram will confi rm the 
anatomic basis for the existing and clinically established fact of 
SUI. It must be emphasized that this cystographic study does not 
permit the diagnosis of SUI but demonstrates the presence of the 
basic anatomic abnormality responsible for genuine SUI.

385

Figure 35-1 Cystogram (two views) shows the relationship between the vesicourethral segment and the pubic bone in the relaxed state. 
The perpendicular line from the vesicourethral point over the long axis of the pubic bone meets the pubic bone opposite its lower third.
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Surgical repair should attempt to restore normal position and 
support without compression or obstruction. SUI is encountered 
frequently in multiparous women after middle age as a result of 
pelvic fl oor weakness, which might have begun earlier in life but 
has progressed and become manifest. As mentioned earlier, the 
intrinsic sphincteric mechanism is essentially normal. However, 
because of the laxity of the pelvic fl oor and the weakness of the 

normal mechanism of support to the vesicourethral segment, the 
latter tends to lie abnormally low and exhibits excessive mobility 
with increased intra-abdominal pressure (see Fig. 35-3) or with 
assumption of the upright position. The intrinsic sphincteric 
mechanism can be restored to normal function once this anatomic 
abnormality is corrected, without any need to plicate, constrict, or 
otherwise directly interfere with the sphincteric unit itself.

Figure 35-2 Lateral cystogram shows the patient in the relaxed state (left), then straining (right). Note the extent of mobility of the 
vesicourethral segment in relation to any bony point. Normally, movement is less than 1.5 cm in any direction.

A B
Figure 35-3 Lateral cystourethrogram of a patient with urinary stress incontinence, in the relaxed position (A) and with straining (B). Note 
the excessive drop of the vesicourethral segment and an increase in intra-abdominal pressure associated with straining. This is the classic 
anatomic abnormality of urinary stress incontinence.
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It is imperative to avoid the creation of any obstruction or 
damage to the delicate intrinsic sphincteric muscular element. If 
this principle is adhered to, the sphincter will regain and main-
tain its effectiveness, and the repair will be permanent. In my 
opinion, the suprapubic approach is the best way to achieve this 
goal.

SURGICAL TECHNIQUE

The patient is supine, with the lower limbs stretched and sup-
ported in a slightly abducted position. The footpiece of the oper-
ating table is dropped down to permit easy access to the vagina, 
which is properly prepared and draped into the sterile fi eld. A 
22- or 24-Fr 5-mL Foley catheter is passed and kept in the sterile 
fi eld.

The retropubic space is exposed through a suprapubic trans-
verse or midline incision. In making this incision, one should stay 
close to the back of the pubic bone, dropping the anterior bladder 
wall, the urethra (easily palpated with the Foley catheter in place), 
and the anterior vaginal wall downward. This step is easy in 
patients who have had no previous surgical intervention in this 
area but is otherwise extremely diffi cult, and it is of critical 
importance. In the latter situation, adhesions are usually dense, 
and the anterior bladder wall frequently is found displaced down-
ward and adherent to the back of the pubic bone. Unless the 
anterior bladder wall is freed and pulled upward, it will not be 
possible to expose the urethra and the urethrovesical junction.

Virginal Cases

Once the retropubic space is entered and the urethra is dropped 
downward with the anterior vaginal wall, no dissection should be 
done in the midline over the urethra. Whatever amount of tissue 
is covering it should be left undisturbed. In this way, the delicate 
musculature of the urethra is protected from any possibility of 
surgical trauma. Attention should be directed to the anterior 
vaginal wall on each side of the urethra—again, easily identifi ed 
with the catheter in it. Most of the overlying fat should be dis-
sected and cleared away to permit future fi rm adherence to any 
tissue brought into contact with it. This area is extremely vascular 
because it has a rich, thin-walled venous plexus which should be 
avoided as much as possible. As this region is cleared, the vesi-
courethral junction becomes more apparent. This step can be 
facilitated by palpating the Foley balloon or, even better, by par-
tially distending the bladder and defi ning the rounded lower 
margin of the anterior bladder wall as it meets the anterior vaginal 
wall. No dissection should be done at the vesicourethral junction 
itself, because at that point all the detrusor muscle fi bers are 
moving downward to encircle the urethra, and every effort should 
be made to protect them from trauma. More laterally, however, 
the inferior margin of the bladder is identifi ed and mobilized 
upward. The extent of this mobilization depends on the extent 
of downward displacement, and on occasion very little is needed. 
Placing fi ngers in the vagina facilitates this dissection and also is 
essential to determine the extent of the needed mobilization and 
freeing of the anterior vaginal wall.

Repeat Cases

The dissection in repeat cases is most diffi cult, particularly if 
three or four previous attempts at repair have failed. Neverthe-

less, it is in such circumstances that the dissection must be impec-
cable if good results are to be achieved. Unless the urethrovaginal 
wall is adequately exposed, all adhesions are severed, and the 
lower margin of the bladder, together with the vesicourethral 
junction, is permitted to slide upward, proper positioning and 
support will not be obtained. Utmost care must be taken not to 
lacerate or damage the urethral or vesical musculature. If identi-
fi cation of the lower margin of the bladder is diffi cult, one should 
open the bladder and, with a fi nger inside the cavity, defi ne its 
limits for easier dissection and mobilization.

Sutures

Once mobilization is completed and judged adequate (as deter-
mined by inserting two fi ngers in the vagina and lifting the ante-
rior vaginal wall upward and forward, thus revealing adequate 
mobility and bringing the vesicourethral segment to a normal 
position), it is time to place the sutures. I prefer absorbable suture 
material and use no. 1 Maxon or Vicryl on an atraumatic tapered 
needle. Positioning of sutures is a most important step in the 
procedure, second only to proper mobilization. The sutures 
should be placed as far laterally in the anterior vaginal wall as is 
technically possible. I apply two sutures on each side. The distal 
suture is placed fi rst, opposite the mid-urethra. The proximal 
suture is the most essential and is placed just below the refl ection 
of the anterior bladder wall at the level of the vesicourethral junc-
tion, yet far laterally from it (Fig. 35-4).

In placing these sutures, one should take a good bite in the 
vaginal wall parallel to the urethra, taking full thickness but 
sparing the mucosa and being guided by the vaginal fi nger at the 
appropriate selected sites. A double-bite or fi gure-eight suture is 
preferable. All four sutures are placed in the vagina and left with 
their needles attached before being placed anteriorly. As noted 
previously, this area is extremely vascular, and visible vessels 
should be avoided if at all possible. If excessive bleeding occurs, 
it can be controlled by under-running with fi gure-of-eight 

Urethra
Cooper’s lig.

Figure 35-4 Placement of the sutures in the anterior vaginal wall. 
They are placed lateral to the vesicourethral segment, and there are 
two on each side. The lower ones are opposite the midurethral 
segment, and the upper ones are exactly at the level of the 
vesicourethral junction. Sutures are then passed through Cooper’s 
ligament. (Adapted from Tanagho EA: Colpocystourethropexy: The 
way we do it. J Urol 116:751, 1976.)
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sutures. Less severe bleeding usually stops once these fi xation 
sutures are fi nally tied.

The vaginal sutures are then attached to Cooper’s ligament. 
They are not placed in the midline of the symphysis but are 
pulled straight upward to Cooper’s ligament. With the needle 
that was left attached to the vaginal suture, a deep bite is taken 
in the ligament. A Mayo needle is threaded to the free end of the 
vaginal suture and passed superfi cially in Cooper’s ligament. 
When this suture is tied, it is tied around the main thickness 
of the ligament. The distal two sutures are placed fi rst, followed 
by the two proximal sutures, which are placed in the same liga-
ment but slightly lateral (Fig. 35-5). Once all the sutures are 
placed, with the operator’s fi ngers in the vagina lifting it upward 
and forward, the assistant ties the distal sutures and then the 
proximal ones. In tying the sutures, one does not have to be 
concerned about whether the vaginal wall site of the suture meets 
Cooper’s ligament, and one should not overdo the tension on the 
vaginal wall. The suture is approximated as close as the support-
ing fi ngers in the vagina feel it to be safe. There should be no 
tension on the sutures beyond that governed by the fi ngers lifting 
the vaginal wall. Free suture material between the two points is 
of no disadvantage (Fig. 35-6). After the two sutures are tied, the 
vaginal fi ngers will appreciate immediately how much the vaginal 
wall is lifted upward and forward, carrying with it the vesicoure-
thral segment. However, the latter is still free in the retropubic 
space. One should be able to insert two fi ngers easily between the 
pubic bone and the urethra. The urethra is in no way compressed 
against the bone. Its continuing fi xation and support are depen-
dent on fi brosis and scarring of opposed tissues rather than on 
the suture material’s holding it in place. Absorbable sutures are 
meant to last only long enough for tissue fi xation to take place.

Closed drainage of the retropubic space lateral to the sutures 
is established, and the wound is closed. The catheter is then 
changed to a 16-Fr 5-mL Foley and left indwelling for 5 days. The 
patient is restricted to bed for about the same period.

Voiding after removal of the catheter is usually free, without 
problems of urinary retention or residual urine. If for any unex-
pected reason the patient has to strain to void, the catheter is 
replaced for a few more days. This replacement is rarely necessary 
and has been used only in cases of atonic bladder that did not 
demonstrate any detrusor activity in the preoperative physiologic 
studies. Postoperative activity is restricted for 3 to 4 months and 
is then gradually built up to the normal individual level.

PRECAUTIONS

The following precautions should be kept in mind:

1. Make every effort to avoid direct dissection of the delicate 
urethral sphincteric muscular element throughout the entire 
length of the urethra as well as close to the vesicourethral 
junction.

2. Avoid by any means creating any compression or obstruction 
of the urethra while placing the sutures (Fig. 35-7).

3. Keep in mind that healing and permanent support will be 
achieved by the adherence and fi brosis that occurs and not by 
the sutures placed at the time of surgery. Accordingly, absorb-
able suture material is usually advised. Nonabsorbable suture, 
no matter how far from the bladder, not infrequently fi nds its 
way toward the lumen of the urinary tract.

The preexisting funneling of the internal meatus and vesicula-
tion of the proximal urethral segment are a result of the down-
ward and posterior sagging of the vesical neck as well as its poor 
support. This need not be corrected surgically, because the vesical 
neck will regain tonus and normal confi guration once the normal 
support and position are restored. The posterior urethrovesical 
angle is not in itself a critical factor in maintaining continence or 
losing it. It is usually corrected spontaneously with the proper 
suspension and support of the vesicourethral segment, so no 
special effort to should be made to create a posterior angle. At 
the end of the procedure, the retropubic space should be rela-
tively free, and there should be an adequate space for the urethra 

Cooper’s lig.

Pubic
bone

Urethra

Vagina

Figure 35-5 Lateral view of the sutures as placed in Figure 35-4 
with one side tied. Note that the vaginal wall did not meet 
Cooper’s ligament and that there is free suture between the two. 
(Adapted from Tanagho EA: Colpocystourethropexy: The way we 
do it. J Urol 116:751, 1976.)

Cooper’s lig.

Urethra

Urethrovesical
segment

Figure 35-6 Same as Figure 35-5 except at a different projection; 
this view shows the vesicourethral segment well supported by 
the vaginal wall behind it. Note that the urethra is free in the 
retropubic space without being compressed against the pubic bone.
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Urethra free in spacious
retropubic space

Compressed and strangulated urethras

Figure 35-7 Effect of the suspension in the technique described 
in the text. Top drawing shows the urethra free in a widely 
opened retropubic space; drawings below show other techniques, 
in which the urethra can be compressed and strangulated between 
the bone and the vaginal wall. (Adapted from Tanagho EA: 
Colpocystourethropexy: The way we do it. J Urol 116:751, 1976.)

to move without being compressed against the pubic bone. There 
is no need to fi x the anterior bladder wall itself; once the entire 
vesicourethral segment is supported in a normal position, the rest 
of the bladder will follow suit. Pulling the anterior bladder wall 
close to the bladder neck (toward the anterior abdominal wall) 
will probably defeat the free mobility and ability of the muscular 
tonus to occlude the internal meatus and keep it open.

CONCLUSIONS

The technique described here has been uniformly successful, and 
highly so in repeat cases, regardless of the number of previous 
failures, as long as the urodynamic studies showed an element 
of active sphincteric musculature. Physiologic studies have con-
fi rmed the fact that the only failures were those in which severe 
intrinsic damage had been infl icted previously on the sphincteric 
mechanism by surgical repairs that had traumatized and scarred 
the urethral musculature. The extent of the damage is usually 
dependent on the techniques used initially. Excessive scarring 
and fi brosis create a rigid drain pipe that, whatever amount of 
support or elevation is provided, will never function as an active 
sphincter unit. There is no remedy possible in these cases except 
creation of obstruction by compression or slings. What was 
learned from these cases led to adoption of the technique 
described, by which one can avoid any close dissection toward 
the vesicourethral segment, thus sparing its delicate musculature 
from any surgical damage. From experience, I believe that adher-
ence to these principles will result in the highest rate of success 
and the longest-lasting repairs.
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Chapter 36

AUTOLOGOUS FASCIAL SLINGS
Edward J. McGuire and Linda Ng

HISTORICAL BACKGROUND

Slings are relatively old procedures; they have in use sporadically 
since the turn of the last century.1 Since the 1960s, slings have 
been used mainly to treat recurrent stress urinary incontinence 
(SUI) after one or more failed operative procedures and in recon-
structive surgery on the urethra.2-4 These applications of the sling 
technique developed because operative failure was common for 
traditional SUI procedures. Anterior repairs failed at least 50% 
of the time, a rate which led to adoption of the retropubic suspen-
sion as the standard operation for SUI. Although retropubic 
operations had better outcomes than anterior repairs, they also 
had high late failure rates.5

Autologous fascial slings used to treat incontinence that per-
sists or develops after a prior retropubic or needle suspension 
operative procedure have relatively good outcomes.6 Because 
good results were obtained in these cases and in other complex 
urethral reconstructive procedures performed with autologous 
slings, surgeons began using slings as a primary procedure for 
most patients with SUI. The introduction of slings made from 
synthetic materials was based on the realization that a sling pro-
vided superior support for the urethra. Early experience with 
synthetic slings was not good, but recent changes in materials 
used for slings have led to vastly improved results and dramatic 
decreases in the complications related to synthetic materials.

Uncomplicated primary SUI associated with urethral mobility 
can be very successfully treated with synthetic slings.7-9 Some 
authors have suggested that synthetic material slings can be used 
for severe intrinsic sphincter defi ciency (ISD) and even for neu-
ropathic urethral dysfunction.10,11 On the other hand, autologous 
fascial slings have an excellent record in reconstructive urethral 
surgery and in neuropathic urethral dysfunction, in which proxi-
mal urethral failure leads to severe incontinence.12-14 In these 
cases, compression of the urethra by the sling is a requirement to 
reestablish urethral continence function. Synthetic materials do 
not allow much tension to be applied, because they tend to erode 
into the urethra if used in that manner. There are data suggesting 
that patients with ISD, defi ned by videourodynamics, do not do 
as well with synthetic material slings.15

SPECIFIC INDICATIONS FOR AUTOLOGOUS 
PUBOVAGINAL SLINGS

Neuropathic Urethral Dysfunction

Neuropathic conditions are not always associated with urethral 
dysfunction, but specifi c neural conditions are associated with 
total absence, or loss of, proximal urethral function and severe 
SUI.16-18 Prototypical proximal urethral failure occurs in myelo-
dysplasia affecting the lumbosacral area; in sacral agenesis; after 
injury to the T12-L1 spinal cord segments, where the sympathetic 

nerve supply to the urethra originates; and after peripheral pelvic 
neural injury, for example that sustained during extirpative 
surgery on the rectum or uterus. It can also occur in patients with 
pelvic fracture. All of these urethral conditions are associated 
with a neural lesion which almost always also produces decen-
tralization of the bladder. The bladder is thus arefl exic, but it is 
not fl accid by any means. The decentralized bladder reacts to 
volume increments, although the pressure developed is con-
trolled by the magnitude of the outlet resistance associated with 
residual urethral closing function. That is, in an untreated situa-
tion, the bladder gains pressure related to incremental volume 
until the urethra leaks. Although the bladder can develop danger-
ously high pressures if the distal sphincter urethral resistance is 
high, proximal urethral function from the bladder outlet to the 
distal sphincter mechanism is simply lost. There is no function, 
refl ex or static, in the proximal urethra. The urethra is open and 
stays that way (Fig. 36-1). This condition is associated with very 
low abdominal pressure–driven leakage from the urethra (Fig. 
36-2). Leakage occurs with movement, transfers, coughing and 
straining, and the upright position.

Patients with proximal urethral and bladder decentralization 
after pelvic surgery preserve partial refl ex and full volitional func-
tion of the distal sphincter. Partial preservation of refl ex activity 
of the distal sphincter refers to the fact that sphincteric activity 
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Figure 36-1 Upright cystourethrogram taken during a 
videourodynamics study from an 18-year-old male patient with a 
T12-L1 spinal cord injury. The patient has severe stress incontinence 
despite excellent bladder storage function and frequent intermittent 
catheterization. The patient is straining at the time of the exposure. 
Note the open proximal urethra and the leakage with stress at a 
total vesical pressure of 34 cm H2O.
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392 Section 5 STRESS INCONTINENCE

is no longer linked to detrusor behavior. There is no neural 
network to support that activity. Thus, relatively fi xed urethral 
resistance is offered by the distal sphincter to detrusor pressure 
generated by incremental bladder volume. The latter is the result 
of constant urine production. Distal urethral closure does not 
mean that the urethra is stress competent, and severe SUI in men 
and women is the rule in these cases. Nevertheless, the distal 
sphincter closing function does require a certain detrusor pres-
sure to induce leakage, and that can be a problem. This same 
situation occurs in the other causes of neuropathic urethral dys-
function, such as myelodysplasia and T12 spinal cord injury, 
although distal sphincter function is less well preserved in these 
cases.

A concrete risk of upper tract damage is related to the detrusor 
pressure at leakage.18 Although any urethral resistance results in 
changes in detrusor storage behavior, this is dangerous if the 
outlet resistance approaches 40 cm H2O. That degree of outlet 
resistance leads to high ambient storage pressures that overwhelm 
ureteral peristaltic function. One example of this are the prob-
lems that developed in children with myelodysplasia treated with 

a bladder neck artifi cial sphincter. The device effectively raised 
both the detrusor and abdominal leak point pressure and was 
associated with upper tract deterioration.19 Similar problems 
were associated with the Kropp urethral reimplantation proce-
dure in children with myelodysplasia.20

The problem here is to gain closure of the proximal urethra 
without increasing the detrusor leak point pressure. Slings—
either the standard posterior vector force sling, the fascial ure-
thral wrap, or the crossover sling—increase the Valsalva leak 
point pressure substantively but change the detrusor leak point 
pressure either very slightly or not at all.4 Therefore, these are safe 
procedures.

Acquired Urethral Incompetence

Severe loss of proximal urethra function can occur after erosion 
of synthetic slings into the urethra, after urethral diverticulec-
tomy, or in association with other types of urethral trauma, 
including surgery (Figs. 36-3 and 36-4). Acquired loss of proxi-
mal urethral function is associated with a very low abdominal 
leak point pressure but usually with little or no urethral mobility 
on an upright videourodynamic study. Erosion into the urethra 
after placement of synthetic slings or of donor fascia slings sus-
pended with bone anchors can be associated with urethrovaginal 
fi stulas that are diffi cult to recognize in the face of severe constant 
urethral urinary loss.

Very severe urethral dysfunction is also associated with chronic 
indwelling catheters, especially in patients with neurogenic con-
ditions, in whom complete loss of closing function often occurs. 
In addition, complete or partial urethral erosion is associated 
with chronic catheterization (Fig. 36-5). These conditions are not 
effectively treated by synthetic material slings. Anterior urethral 

Figure 36-2 Upright cystourethrogram taken during a 
videourodynamics study from an 18-year-old female patient with a 
lumbosacral myelomeningocele. The proximal urethra is open and 
nonfunctional, and the Valsalva leak point pressure is 52 cm H2O. 
The image was taken at the onset of leakage associated with 
straining.

Figure 36-3 Videourodynamic study from a 34-year-old woman 
after a complicated urethral diverticulectomy. Leakage is gross and 
continuous. The urethra functions so poorly that there in no hold 
up of contrast in the urethra at all, only continuous leakage. There 
is an urethrovaginal fi stula as well. The Valsalva leak point pressure 
in not measurable and is close to 0.
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erosion almost always destroys the bladder neck, in which case 
no sling procedure will be effective (Fig. 36-6).

Radiation therapy for cervical and other uterine malignancy 
can be associated with the late development of loss of refl ex 
bladder function and severe ISD. Often, bladder compliance is 
very poor, and the urethra is fi xed and immobile but poorly 
functioning. If bladder dysfunction can be controlled with the 
combination of an anticholinergic medication, a tricyclic anti-
depressant, and an α-adrenergic blocking agent (for their effects 
on compliance) and the patient accepts intermittent catheteriza-
tion, then a sling can be done to gain urethral competence. If the 
low-compliance bladder is not controlled before the sling proce-
dure, the increase in urethral resistance associated with the sling 
leads only to more leakage at a higher detrusor pressure—not a 
good situation. In some cases, bladder function after prolonged 
catheter usage or late after radiation therapy is so poor that an 
augmentation cystoplasty must be done at the same time as the 
sling (Fig. 36-7).

Pelvic fractures can seriously disturb urethral support and 
function. Wide diastasis of the symphysis, associated with violent 

Figure 36-4 Image taken during a video study from a 42-year-old 
woman with severe continuous incontinence after a bone anchor 
cadaveric sling. There is continuous low-pressure leakage. The 
urethra is poorly functional, but the major problem is a high fi stula 
involving the bladder neck and proximal urethra. The Valsalva leak 
point pressure cannot be accurately determined.

Figure 36-5 Image taken during a videourodynamics study from 
a 72-year-old woman with a spinal cord injury treated for 
incontinence with a Foley catheter. There is no urethral function at 
all. The Valsalva leak point pressure is essentially 0.

Figure 36-6 Upright video image from a 52-year-old woman with 
a neurogenic bladder treated for 5 years with a Foley catheter. 
There is no urethral function, and the posterior urethra is eroded 
into the vagina. The Valsalva leak point pressure is 0.
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394 Section 5 STRESS INCONTINENCE

pelvic trauma, disrupts the levator muscle attachments to the 
arcus and bony pelvis and thus the support of the vagina, urethra, 
and bladder (Fig. 36-8). Very severe SUI is often present in asso-
ciation with a lack of urethral and bladder support. Autologous 
fascial slings can work here, but the challenge is to fi nd some solid 
tissue on which to anchor the sling, because the lower abdominal 
muscle and fascia often are poorly functional, widely separated, 
or simply gone in the suprapubic area.

Severe SUI that develops immediately after labor and delivery 
is often associated with profound loss of proximal urethral 
function (Fig. 36-9). This condition does not resolve with time. 
Abdominal leak point pressures are very low, and the urethra 
may or may not be mobile. Crossover slings work in these cases 
(see later discussion), but, if the urethra is very mobile, a standard 
posterior vector force sling may be a better option. Crossover 
slings provide good compression but are less effective at urethral 
support than a standard sling.

Severe SUI can follow cystectomy and orthotopic neobladder 
construction. No urethral function, as demonstrated on a vid-
eourodynamics study, is often compounded by poor reservoir 
storage function in the short term. Often, the severe, constant 
incontinence is treated by catheter drainage which exacerbates 

the reservoir storage problem even after a continent urethra is 
reestablished with a crossover sling (Fig. 36-10).

Erosion of any kind of sling into the urethra mandates total 
removal. After that procedure, severe SUI is almost always present 
(Fig. 36-11). There may also be an urethrovaginal fi stula. These 

Figure 36-7 Video image taken at 50 mL bladder volume from a 
73-year-old woman with continuous incontinence. She had cobalt 
60 irradiation for carcinoma of the cervix in the late 1960s. There 
is very low bladder compliance and very gross leakage. Most of 
the leakage is related to the bladder dysfunction, but that was 
determined only after the low-compliance bladder was treated.

Figure 36-8 Very poor urethral function and gross leakage 
associated with a pelvic fracture. The urethra is not very mobile, 
but there is gross leakage at very low pressures.

Figure 36-9 Low-pressure leakage with straining during a 
videourodynamics study. The Valsalva leak point pressure is 34 cm 
H2O. The patient is 27 years old and developed stress incontinence 
after a diffi cult labor and delivery. The incontinence did not 
improve with time.

Ch036-X2339.indd   394 1/31/2008   2:34:18 PM



 Chapter 36 AUTOLOGOUS FASCIAL SLINGS 395

are complex reconstructive cases, and a crossover sling, in con-
junction with closure of the fi stula and reinforced with a Martius 
fl ap, is required to correct the problem.

More Common Expressions of Stress Incontinence

SUI associated with little or no urethral mobility and a low Val-
salva leak point pressure is an indication for a sling of some kind 
(Fig. 36-12). We typically use autologous fascia for this condi-
tion, but other natural materials work just as well.

Recurrent  or persistent SUI after a prior retropubic operation 
or sling procedure, where the urethra is well supported but leaks 
at a low pressure, is a relative indication for an autologous fascial 
sling, because compression of the urethra is usually required to 
regain continence. It may be advantageous in those cases in 
which a prior sling procedure has been done to use a crossover 
sling. These slings provide compression with fewer tendencies to 
cause retention. A midline approach to the retropubic space can 
be used to avoid the scarring related to prior surgery lateral to 
the urethra. This is a different situation than that encountered 
after a Burch-type retropubic suspension, in which there is scar-

ring and fi xation of the bladder to the symphysis. An approach 
to the retropubic space lateral to each rectus muscle is the best 
route to avoid scarring associated with the prior procedure. Bone 
anchor fascial or donor dermal slings create a dense band along 
the posterior surface of the symphysis, usually well lateral to the 
midline, so that a midline approach between the rectus muscles 
is generally the best route.

In primary SUI conditions associated with urethral hyper-
mobility and urethral mobility, autologous fascia can be used, 
but other materials work very well and may be less troublesome 
in terms of retention and pain. Sling patients usually are dis-
charged on the fi rst postoperative day, but most patients receiv-
ing synthetic slings are discharged on the day of surgery; most of 
the latter group will not require intermittent catheterization, 
whereas most autologous sling patients will.

The primary advantages of autologous fascia are nonreactiv-
ity, a lack of infl uence of growth on sling function when used in 
adolescents and children, and tissue tolerance for considerable 
applied tension. Spontaneous erosion of autologous fascia slings 
has been described but is rare.21 In my experience, this occurs 
only in association with traumatic catheterization in which the 

A B
Figure 36-10 A, Upright cystogram made during a video study from a 63-year-old woman with severe incontinence after a cystectomy and 
neobladder construction. She had continuous incontinence despite placement of a suprapubic catheter to achieve better drainage. Reservoir 
storage behavior is poor, with sustained pressures in excess of 60 cm H2O, but there is very little functional urethra, and there is severe 
stress incontinence as well. B, After removal of the suprapubic tube, medical therapy to achieve better reservoir storage function, and a sling 
procedure, there is no stress incontinence, and reservoir function continues to improve. The patient does intermittent catheterization and is 
troubled now only by nocturnal incontinence. At the time of this exposure, the total vesical pressure with straining was 124 cm H2O.
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396 Section 5 STRESS INCONTINENCE

catheter tip actually penetrates the urethra, exposing the sling. A 
short period of catheter drainage assures healing without sling 
resection or removal.

OPERATIVE PROCEDURE

Preoperative antibiotic prophylaxis is started 1 hour before the 
patient enters the operating room. The nursing staff teaches 
the patient self-catheterization well before the procedure. The 
choice of anesthetic is usually left to the patient and the anes-
thesia staff. Either spinal or general anesthesia with an endotra-
cheal tube or a laryngeal mask is satisfactory. The procedure takes 
about 35 minutes unless there are problems. Problems include 
obesity, prior surgery on the bladder or urethra, pelvic fracture, 
neobladder construction, and fi stula formation, among other 
things.

Positioning

We use Yellowfi n stirrups and place the patient in lithotomy 
position. For the primary part of the operation, we lower the 
stirrups to provide better access to the retropubic space.

Suprapubic Approach

A transverse suprapubic incision is made just above the symphy-
sis. The dissection is carried to the rectus fascia, which is opened. 
The fascia is mobilized off the rectus muscles, and the sling is 
taken from the inferior leaf of rectus fascia (Fig. 36-13). The sling 
measures 6 to 9 cm long; about 1.5 cm wide in the center; and 
about 0.7 cm wide at either end. The sling is oversutured at each 

Figure 36-11 Severe stress incontinence after a prior sling-type 
procedure. The Valsalva leak point pressure is 54 cm H2O. The 
proximal urethra is open at rest. This image was made during 
straining.

Figure 36-12 Valsalva leak point pressure from a 45-year-old 
woman 1 year after a cadaveric sling procedure. There is gross 
leakage at a vesical pressure of 13 cm H2O during straining. There 
is a small urethrovaginal fi stula as well.

1 - 1.5 cm

0.5 cm0.5 cm.

10-15 cm.

Figure 36-13 The sling is harvested from the lower leaf of the 
fascial incision. The fascial incision runs to the lateral border of the 
recti muscles. (Adapted from Hurt WG [ed]: Urogynecologic 
Surgery. New York: Raven Press, 1992.)

Ch036-X2339.indd   396 1/31/2008   2:34:20 PM



 Chapter 36 AUTOLOGOUS FASCIAL SLINGS 397

end with 1-0 polyglactin suture material. Several bites are taken, 
and the sutures are tied down, but the ends are left full length. 
The sling is placed in saline solution.

Depending on the circumstances, one of two approaches to 
the retropubic space is used. If there has been prior surgery in 
the midline area of the retropubic space (e.g., a Burch urethro-
pexy, one of the needle suspensions), a lateral approach is used. 
Just lateral to the insertion of the rectus muscle on the symphysis, 
the transverses abdominis fascia is opened sharply, and blunt, 
gentle, fi nger dissection used to develop the retropubic space 
down to the endopelvic fascia on either side of the urethra. This 
can be diffi cult but usually is not. If our procedure follows a 
synthetic sling, a cadaveric fascial sling, or other type of sling 
procedure in which retropubic bone anchors have been used, an 
approach between the rectus muscles is safer and stays away from 
the scarring and other problems related to the prior operations. 
The rectus muscles are gently separated, and the bladder is pushed 
gently posteriorly off the symphysis right down to the urethra.

At this point, the abdominal wound is covered, the legs are 
fl exed more at the hip, and a vaginal retractor is placed. A 16-Fr 
Foley catheter is used to aid the dissection and keep the bladder 
empty. An inverted U-shaped vaginal incision is made, and the 

vagina is carefully dissected off the periurethral fascia. The peri-
urethral fascia should not be entered, because doing so causes 
brisk bleeding. The dissection is continued until the upper two 
thirds of the urethra is visible. Starting in the superior corner of 
the U incision, an entry plane is made with dissecting scissors 
lateral to the urethra into the retropubic space (Fig. 36-14). This 
requires only very gentle dissection. The entry point through the 
tissue lateral to the urethra into the free retropubic space is kept 
small. Under bimanual control, an instrument (a Crawford 
clamp, a Bard Ligature Carrier, or the like) is passed from above 
down into the vagina (Fig. 36-15). It is most important to keep 
the instrument tip on the symphysis during passage.

The sling sutures are then grasped and passed up into the 
abdomen (Fig. 36-16). After the tension of the sling is checked, 
the sling sutures are passed through the lower fascial leaf and tied 
(Fig. 36-17). If passage from above is diffi cult or the operator 
senses that the bladder is in the path of the instrument, then 
passage from the vagina upward into the suprapubic incision is 
safer. Under vision, the instrument is placed in the dissection 

Figure 36-14 Entering the retropubic space from below. The 
scissors are kept fl at and parallel with the perineum. (Adapted from 
Hurt WG [ed]: Urogynecologic Surgery. New York: Raven Press, 
1992.)

Figure 36-15 Passing the clamp down the tunnel. (Adapted from 
Hurt WG [ed]: Urogynecologic Surgery. New York: Raven Press, 
1992.)
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plane lateral to the urethra and advanced to the endopelvic fascia 
and held there. The vaginal retractor must be removed at this 
point, so that the proper angle of the instrument can be achieved. 
The instrument should be in a periosteal plane on the posterior 
surface of the symphysis at all times. The angle upward is steep 
to achieve this plane, and the vaginal retractor is always in the 
way. The technique is a little cumbersome, in that the sling has 
to be pulled down from above after the fi rst passage and then 
loaded on the instrument for transfer to the contralateral side, 

but in cases where there is no free retropubic space, it is safe. We 
use this technique, for example, when doing slings in women 
with incontinence related to urethral dysfunction after cystec-
tomy and neobladder construction in whom there is no free 
retropubic space at all in any plane lateral or medial.

Figure 36-16 Grasping the sling sutures before passing them up 
into the abdomen. (Adapted from Hurt WG [ed]: Urogynecologic 
Surgery. New York: Raven Press, 1992.)

Figure 36-17 Checking the tension of the sling. The sling sutures 
are passed through the lower fascial leaf and tied. The fascial 
incision should be closed before the knot is tied. (Adapted from 
Hurt WG [ed]: Urogynecologic Surgery. New York: Raven Press, 
1992.)
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Chapter 37

USE OF CADAVERIC FASCIA FOR 
PUBOVAGINAL SLINGS
Neil D. Sherman and George D. Webster

The pubovaginal sling (PVS) is a popular and successful treat-
ment for female stress urinary incontinence whether due to ure-
thral hypermobility or intrinsic sphincter defi ciency. There are 
many variations for this procedure, and techniques have changed 
since it was fi rst introduced in 19071 and then later resurrected 
by McGuire and Lytton.2 Over the last two decades, there have 
been many modifi cations in technique, and even the supposed 
underlying principle of function has changed. Historically, the 
mechanism by which the PVS was thought to work was to provide 
support and prevent urethral descent during increases in intra-
abdominal pressure and to provide a backstop against which 
urethral compression would occur. The “new era” slings, posi-
tioned at the mid-urethra, are suggested to function by providing 
a point of support about which distortional “obstruction” occurs 
during stress.

Other variables aside, the debate about the most appropriate 
material for sling construction remains heated. There are propo-
nents for each of the various alternatives, which include autolo-
gous, allograft, xenograft, and synthetic materials. Although 
current literature emphasizes the minimally invasive approach 
using synthetic materials, it is important that surgeons perform-
ing this procedure be versed in other options, because the indi-
vidual patient may have an indication or contraindication for use 
of any one of these materials.

The ideal graft material would be durable, inexpensive, and 
readily available; could be obtained without the need for harvest-
ing with its associated morbidity; and would not be susceptible 
to infection, immune reaction/rejection, or erosion. Unfortu-
nately, no material meets all of these criteria. Historically, the 
autologous PVS was fashioned from the fascia lata or, less com-
monly, from the abdominal wall fascia, and it is with these that 
other nonautologous alternatives should be compared.

This chapter concentrates on the use of one of these alterna-
tives, the human cadaveric (allograft) fascia.

PATIENT SELECTION

The specifi c criteria for those patients who are candidates for PVS 
placement are well described elsewhere in the text. Essentially, all 
patients undergo a thorough urogynecologic history and physical 
examination before any form of surgical intervention. We require 
a positive stress test during physical examination or demonstra-
tion of stress incontinence during urodynamic study, in addition 
to the patient’s history, before acknowledging the existence of 
stress urinary incontinence. We also use a 3-day bladder diary, 
a 24-hour pad weight study, and videourodynamic evaluation 
before proceeding with surgery. If pelvic organ prolapse is present, 
we routinely repair it simultaneously.

GRAFT SELECTION

Of the various factors that may infl uence the selection of graft 
material it is probably true to say that the major infl uence comes 
from physician philosophy and patient preference, each of which 
may be uninformed.

Cadaveric Fascia

The successful use of cadaveric fascia has been described in the 
orthopedic and ophthalmologic literature for many years,3,4 and 
the use of allograft fascia for PVS surgery was fi rst reported in 
1994.5 Currently in the United States, more than 90,000 soft 
tissue allografts are used annually.6 These tissues are harvested, 
processed, preserved, and distributed by certifi ed tissue banks 
that comply with the policies of the American Association of 
Tissue Banks.

The benefi ts of allograft fascia over autologous fascia include 
shorter operative time and hospital stay, lower morbidity, 
and less postoperative pain.7-10 Potentially, the cadaveric fascia 
might also be superior to the patient’s own fascia, because the 
latter may be collagen defi cient, which may be a cause for the 
original support defi ciency. It has been reported that the theore-
tical mechanism of action of the allograft fascia is to serve as 
a scaffold for the in-growth of host tissues, ultimately leading 
to replacement of the allograft collagen with host collagen.11 
However, in many cases in our experience with exploration years 
after the original surgery, these grafts usually have maintained 
their integrity and show little evidence of “incorporation” by the 
host.

PROCESSING OF FASCIA

The preparation of cadaveric fascia is a multistep process. It 
begins with the medical and social screening of a potential donor, 
using information provided by the potential donor’s family and 
physician. Next comes testing of the potential donor’s blood with 
tests approved by the U.S. Food and Drug Administration (FDA) 
to rule out AIDS, hepatitis B and C, human immunodefi ciency 
virus (HIV) types 1 and 2, and syphilis.12

After completion of the screening step, the fascia is harvested 
with aseptic technique and processed to remove all cells and 
DNA, thus further decreasing the risk of disease transmission 
while maintaining the native collagen/protein framework. Ideally, 
the fascia should be harvested from within 2 cm of the iliotibial 
band, because only this location has the integrity for graft strength 
and durability. Processing and decellularization techniques vary, 
but all maintain a common theme that requires incubation in 
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70% isopropyl alcohol or other bactericidal and antiviral solu-
tions to remove any viruses.

The tissue is then dehydrated via deep-freezing (lyophiliza-
tion) or with organic solvents. The fascia may then undergo 
gamma irradiation. Radiation dosage is not standardized, and it 
is suggested that doses greater than 25,000 Gy (2.5 Mrads) may 
increase tissue weakening.13

Despite these preparation techniques, intact genetic material 
has still been found in fi nal allografts.14,15 Whether this isolated 
DNA has the ability to replicate or to transmit infectious material 
remains to be seen. Explanations for failure of disease transmis-
sion include an unclear mode of pathogen transmission, an 
unidentifi ed pathogen, and a window of time before a donor 
seroconverts with positive antibody (e.g., HIV testing).14 Of 
course, the donors may simply have been free of transmissible 
disease.

Fitzgerald and colleagues showed that allografts retain donor 
antigens after processing but that ultimately host antigens replace 
donor antigens after implantation.16 Because donors and recipi-
ents are not cross-matched, and graft rejection does not appear 
to be a problem, the identifi cation of donor antigens in a graft is 
of questionable clinical signifi cance.

Effect of Preparation on Fascia Strength

Tissue banks differ in the method used for graft preparation, and 
researchers have attempted to determine which process is associ-
ated with improved outcomes. However, outcomes are infl u-
enced by many other patient variables that are rarely included 
when these analyses are considered. Not surprisingly, therefore, 
the results have been confl icting. Sutaria and Staskin compared 
freeze-dried, freeze-dried/gamma-irradiated, and solvent-
dehydrated/gamma-irradiated fascias and found no statistical 
differences in maximum load and thickness-adjusted maximum 
load.17 However, Lemer and coworkers found that freeze-dried 
allograft had inferior mechanical properties compared with 
autologous fascia or solvent-dehydrated fascia.18 Hinton and 
associates compared solvent-dehydrated/gamma-irradiated 
fascia with freeze-dried/nonirradiated fascia and found a higher 
stiffness, higher maximum load to failure, and higher maximum 
load per unit width of graft with the former.19

The cause of the potential differences in various fascia prepa-
rations is unclear and also is of questionable signifi cance. A pos-
sible explanation for the difference between freeze-dried and 
solvent-dried fascia is that ice crystal formation during the freeze-
drying process may weaken the collagen structure in the fascia.18 
Of note, the forces generated in studies measuring fascial strength 
are usually much greater than the physiologic forces created at 
the bladder neck and proximal urethra. This raises the issue that 
ex vivo strength is not the only variable necessary for success with 
an allograft fascia PVS. Lin and colleagues attempted to con-
fi rmed this suspicion, showing that, with the patient in a hori-
zontal and mild tilt position, the tension placed on the sling was 
far less than that necessary to break the fascia.20 Finally, but most 
importantly, the variability of fascial thickness is not addressed 
in any of these studies.

Risk of Disease Transmission

The prevention of disease transmission focuses on the areas of 
screening and sterilization. Since 1985, when the American Asso-
ciation of Tissue Banks began requiring the screening of prospec-

tive donors and testing of tissue for viruses, there have been no 
documented cases of HIV transmission.21 Other extensive reviews 
have not identifi ed a single case of disease originating from trans-
planted allograft fascia.22

However, there remains concern about the transmission of 
prions, the causative agent of Creutzfeldt-Jakob disease (CJD) 
and other forms of spongioencephalopathies. It is estimated that, 
with current methods of processing, the theoretical risk of a 
patient’s developing CJD from an allograft is 1 in 3,500,000. This 
is signifi cantly lower than the 1 in 10,000 to 1 in 100,000, overall 
risk in the general population of “naturally” acquiring the 
disease.23

Current FDA guidelines contain recommendations to exclude 
donors of tissue (musculoskeletal, ocular, integumental) who are 
diagnosed or have risk factors for tissue spongioencephalopa-
thies, specifi cally classic CJD. However, current FDA regulations 
for human tissue do not address tissue spongioencephalopa-
thies.24 In an FDA guidance to industry on screening and testing 
donors of human tissue intended for transplantation, the agency 
recommends that the donor medical history screening interview 
should include questions to defer potential donors with a diag-
nosis or a known family history (blood relative) of CJD and those 
who have received human pituitary growth hormone or dura 
mater transplants.24 Additionally, in 2002, the FDA updated a 
policy that would defer from blood donation anyone who spent 
three months or more cumulatively in the United Kingdom 
between 1980 and 1996.25 This was done to help reduce the pos-
sible risk of transmission of CJD by blood and blood products. 
There have been no reports of transmission of CJD through 
transplantation of human tissues.26

Intraoperative Fascia Preparation

Intraoperative preparation varies with each specifi c tissue bank 
recommendation. Common among all fascias is reconstitution 
by soaking in room-temperature saline for at least 20 minutes 
before placement. Additionally, the fascia must be folded over 
and fi gure-of-eight or horizontal mattress sutures used to prevent 
sutures’ “pulling through” the longitudinally arranged collagen 
fi bers.17,27 The fascia should be pulled/distracted to confi rm ade-
quate tensile strength.28

Ideally, the fascia should be of suffi cient length (at least 12 to 
14 cm) to pass under the urethra and through the endopelvic 
fascia bilaterally. This allows the ends of the sling to scar into the 
retropubic space, thus improving its fi xation.29

SURGICAL TECHNIQUE

Surgery is performed under spinal or general anesthesia with the 
patient in the lithotomy position. Sequential compression hose 
and padded leg stirrups improve the safety of this position, espe-
cially if surgery is prolonged. After surgical preparation, a 16-Fr 
urethral catheter is inserted, and the balloon is used to identify 
the location of the bladder neck, which is marked on the vaginal 
epithelium with a marking pen. A midline vaginal wall epithelial 
incision or bilateral incisions centered at the bladder neck allow 
the vaginal epithelium to be dissected from the underlying pubo-
cervical fascia. We prefer the latter technique, because it allows 
for creation of a tunnel for the sling beneath the bladder neck 
(Fig. 37-1), helping to prevent cephalad or caudal migration 
when the sling is tensioned.
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If repair of a central defect cystocele is also required, a midline 
vaginal incision from the mid-urethra to the vaginal cuff is always 
used. With the bladder empty, the urethropelvic ligament is per-
forated bilaterally with scissors. The location of the hiatus should 
be at its lateral attachment to the inferior ramus and at the level 
of the bladder neck. The hiatus allows access to the retropubic 
space, which may then be dissected digitally, freeing the bladder 
from the symphysis pubis to create a space for the sling to tra-
verse the retropubic space through the endopelvic fascia.

A 2-cm transverse midline abdominal skin incision is made 
down to the superior surface of the symphysis pubis. A double-
pronged Pereyra ligature carrier (Cook Urological Inc., Spencer, 
IN) is then passed through the rectus fascia directly behind the 
pubic symphysis and lateral to the proximal urethra, with the 
needle tips emerging through the vaginal wall hiatus. This needle 
is digitally guided along its course from the rectus fascia to the 
vaginal hiatus by keeping the needle on the tip of a fi nger passed 
through the vaginal wall hiatus.

The ends of the allograft sling are transfi xed and bound with 
a 0-0 Vicryl suture (polyglactin suture material; Ethicon Inc., 
Johnson & Johnson, Somerville, NJ) (Fig. 37-2). A 1-0 Prolene 
suture (polypropylene suture material; Ethicon Inc.) is placed 
through the bound ends (see Fig. 37-2). The free ends of the 
Prolene suture are attached to the ligature carrier and transferred 
across the retropubic space and out through the suprapubic inci-
sion. The opposite end of the sling is passed through the previ-
ously dissected tunnel and across the opposite retropubic space 
in a similar fashion. Sling tension is adjusted according to the 
requirements of the individual case, but usually, if there is suffi -
cient urethral hypermobility, it is held away from the bladder 
neck (Fig. 37-3) as the Prolene suture on each side of the sling is 

tied fi rst over the rectus fascia and then the right side is tied to 
the left. Indigo carmine may then be given intravenously and 
cystoscopy performed to exclude bladder or ureteral injury and 
to confi rm correct sling placement and tension. Visualization of 
free urine fl ow with the Crede maneuver and a full bladder con-
fi rms that the sling has not been made too tight. The vaginal 
incisions are then closed with 4-0 absorbable suture. A vaginal 
pack and suprapubic tube are usually unnecessary.

WHAT HAPPENS TO THE FASCIA IN FAILED CASES

Results using allograft fascia are mixed, and some authors have 
suggested that failure of allografts, as opposed to autologous 
fascia, may due to problems with the material itself.30 In hope 
of determining the validity of this belief, studies have been 
performed on cadaveric fascia in animal models and on fascia 
identifi ed during re-explorations.

Dora and colleagues used a rabbit model to show that human 
cadaveric fascia tensile strength decreased up to 80% and stiffness 
decreased by 90% at 12 weeks; autologous fascia and polypropyl-
ene mesh did not have signifi cant change in tensile strength or 
stiffness over the same time period.31 In a rat model, Kim and 
associates found that cadaveric fascia decreased in toughness over 
4 months.32 Walter and coworkers also showed a decrease in 
tensile strength of the fascia after it was implanted in a rabbit 
vagina model for 12 weeks.33 The clinical implications of these 
fi ndings remain unclear.

Multiple authors have commented on the appearance of 
cadaveric fascia slings at the time of re-exploration. Fitzgerald 
explored 12 women who had received irradiated, freeze-dried 
grafts and found graft tissue in only 7 of them. The grafts showed 
an immune reaction and areas of disorganized remodeling and 

Figure 37-1 Sharp dissection of the subepithelial tunnel beneath 
the bladder neck for later passage of the sling.

Figure 37-2 Transfi xion binding of the sling ends with 0-0 Vicryl 
prevents “pull out” of the suture.

Ch037-X2339.indd   402 1/31/2008   2:34:50 PM



 Chapter 37 CADAVERIC FASCIA FOR PUBOVAGINAL SLINGS 403

graft degeneration. It is unclear whether this is a normal host 
response, because none of the patients who experienced success 
underwent reoperation.10

Huang and associates reoperated on one patient after cadav-
eric fascia PVS and found the graft to be very friable. Histologic 
examination showed loosely packed fi broblasts with wavy colla-
gen fi bers and focal areas of edema and degenerative changes.30

Blander and Zimmern explored fi ve “failed” cadaveric fascial 
slings and, on microscopic examination of the removed cadaveric 
fascia, found collagen with almost complete absence of cellularity 
and no evidence of capillary in-growth or rejection.34

Ultimately, the explanation for failure of some allografts 
remains unclear. Possibilities are many and include a persistent 
level of antigenicity,35 an unsuitable environment for the 
allograft,30 contamination by vaginal fl ora, host-versus-graft 
reaction, and undue stress on the graft.36

RESULTS

During the middle to late 1990s, the enthusiasm for cadaveric 
fascial slings increased as allograft tissue became more widely 
available. The shortened operative time and decreased morbidity 
(due to the lack of a donor site) combined with longer-term 
follow-up increased the frequency with which the procedure was 
performed. Although minimally invasive techniques with syn-
thetic material have increased in popularity over the last few 
years, it is important for the pelvic surgeon to maintain cadaveric 
fascia placement in the surgical armamentarium.

The outcomes for allograft fascia vary among authors (Table 
37-1). Huang and associates showed a failure rate of 28% with 
recurrent incontinence within 6 months of surgery.30 Fitzgerald 
and colleagues identifi ed a greater than 20% material failure rate 
for freeze-dried, irradiated fascia.36 In contrast, Amundsen and 
other showed an 87% satisfaction rate for freeze-dried, non irra-
diated fascia.27 Elliot and Boone evaluated their experience with 

Figure 37-3 The sling is held away from the bladder neck as the 
sutures are being tied.

Table 37-1 Outcomes of Cadaveric Fascia Pubovaginal Slings

First Author and Ref. No. Processing Method N Follow-up, Mean (mo)
% Improved

(0-2 pads/day)
% Cure

(0 pads/day)

Handa5 Freeze-dried, −IR  16 12 85  79
Wright7 Freeze-dried, −IR  59 12 98 N.A.
Amundsen27 Freeze-dried, +IR 104 19 84  63
Elliot29 Solvent-dehydrated, +IR  26 15 92  77
Fitzgerald36 Freeze-dried, +IR  35  6 83  69
Walsh37 Freeze-dried  31 13.5 N/A  93.5
Richter38 Freeze dried −IR 102 35 90 N/A
McBride39 Freeze-dried −IR  26 35 91  43
Almeida40 Freeze dried + IR  30 36 28  40
Brown41 Freeze-dried, ?IR 121 12 83  74
Bodell42 Solvent-dehydrated, −IR 186 16.4 76  27
Vereecken43 Freeze-dried   8 24 N/A 100
Flynn44 Freeze-dried, +IR  63 29 N/A  87
Chien45 N/A  83 27.4 N/A  90.1
Fitzgerald46 Freeze-dried, +IR  27 12 48 N/A
Carbone47 Freeze-dried, +IR 154 10.6 62  60
Soergel48 Freeze-dried, +/−IR  12  6 N/A  33
Ellerkmann49 Solvent-dehydrated, −IR  32 N/A N/A  90.5
Simsiman50 N/A  80 29 N/A  66

IR, gamma irradiation.
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cadaveric fascia and found a 96% satisfaction rate with a mean 
follow-up of 15 months.29 Walsh and coworkers showed com-
plete resolution of stress urinary incontinence in 93% of patients 
at a mean follow-up of 13.5 months.37

CONCLUSIONS

Allograft fascia for PVS offers decreased morbidity and operative 
time, compared with autologous fascia, while limiting the risk of 

erosion and infection seen with synthetic material. Although 
appropriate screening has essentially removed the risk of disease 
transmission, the technique to process the fascia remains vari-
able. With success rates similar to those seen with autologous 
fascia, allograft fascia offers the surgeon another material avail-
able for the treatment of stress urinary incontinence in women. 
Further investigations are needed to determine the most durable 
method of preparation.
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Chapter 38

FASCIA LATA SLING
Neil T. Dwyer and Karl J. Kreder

Pubovaginal sling cystourethropexy is considered one of the gold 
standards of female stress urinary incontinence (SUI) surgery. 
The bladder neck sling can be performed using autologous, 
allograft, or synthetic material. The two autologous methods use 
either rectus or fascia lata fascia. This chapter summarizes the 
literature on the indications, surgical technique, and outcomes 
of using fascia lata to treat female SUI.

HISTORY

The autologous sling used to affect the urethra as a method of 
urinary control was fi rst mentioned in 1907 by Von Giordano, 
who described the use of gracilis muscle to wrap around the 
urethra.1 The pyramidalis muscle was used to suture behind 
the urethra by Goebell in 1910.2 Squier referred to the use of 
the levator ani muscles to augment bladder outlet resistance.3 In 
1942, Aldridge described the use of bilateral strips of rectus fascia 
passed inferiorly through the rectus abdominis muscles to support 
the urethra posteriorly.4 In 1978, McGuire and Lytton described 
using an autologous fascial sling in 52 patients with SUI.5 Forty-
two of the patients had had previous corrective incontinence 
surgery. Postoperative urethral pressure measurements showed 
urethral pressure increase but no occlusion. Fifty patients had a 
successful outcome, and there were 2 failures. These results were 
further confi rmed by Blaivas and Jacobs in 1991, when they 
observed 67 patients who had undergone a pubovaginal fascia 
sling repair and reported that 82% were completely dry and 9% 
were dramatically improved.6

The fascia lata sling was fi rst described by Price in 1933.7 
Beck and colleagues examined the use of fascia lata as a sub-
urethral sling for the treatment of recurrent urinary incon-
tinence.8-10 They fi rst described the use of the fascia lata sling in 
19748 and in 1988 reported their results in 170 patients.10 They 
used the fascia lata suburethral sling after failed primary incon-
tinence surgery in 69 cases and after multiple failed prior anti-
incontinence repairs in 101 cases. The overall success was reported 
at 98.2%.10

Cadaveric fascia lata (CFL) has been used to repair tissue 
defects for a number of years, but its fi rst use for incontinence 
surgery was reported in 1996.11 Handa and colleagues used CFL 
in 16 patients, 14 with genuine SUI and 2 who had a previously 
placed synthetic graft that became infected. Eighty-eight percent 
were subjectively improved, and 79% of the patients with genuine 
SUI were objectively improved.11

The use of xenograft material for sling surgery has been 
reported as well. In 2002, a pilot study examined the use of bovine 
pericardium placed as a suburethral sling in 22 females.12 At 20 
months, 21 of 22 patients were cured with no incidences of 
erosion or rejection. Another study recently looked at the use of 
processed porcine small intestine submucosa (SIS) as a pubovagi-

nal sling in 152 female patients with SUI.13 In this 4-year series, 
there was a 93.4% cure rate, with three additional patients 
demonstrating marked improvement. There was no erosion, 
infection, or rejection in the group.

Synthetic materials have been used for incontinence since 
1961, with the use of nylon strips fashioned into a suburethral 
sling.14 Numerous materials have been tried since then, includ-
ing Silastic,15 Gore-Tex,16 Mersilene,17 Marlex,18 Prolene,19 and 
Vicryl.20

INDICATIONS

The indication for the use of a fascia lata sling can be stated 
simply as SUI. At fi rst, fascia lata slings and suburethral slings 
were recommended for complicated SUI such as previous SUI 
corrective surgery and intrinsic sphincter dysfunction (ISD). 
Type 2 SUI was usually treated with a needle suspension or col-
posuspension, such as a Burch procedure. This stemmed from 
the progression in the development of various surgeries for the 
correction of SUI.

ISD has been associated with multiple etiologies. The presence 
of previous SUI corrective surgeries is a risk factor. A neurologic 
insult to the sacral area may result in compromise of the bladder’s 
innervation and ISD. This insult could come from damage to the 
nerve roots as they leave the spine or via major pelvic surgery 
such as a radical hysterectomy. In addition, patients with diabetic 
neuropathy may also have peripheral neurologic problems inter-
fering with sphincteric function. Patients who have undergone 
previous radiation treatment are at risk of developing ISD-based 
SUI.21 Another possible cause of ISD is estrogen defi ciency: as 
women age, lower levels of estrogen may predispose to ISD.22 
Horbach and Ostergard examined 263 consecutive patients with 
urodynamic studies for urinary leakage.23 In this population, 132 
women had ISD, defi ned as urethral closure pressure lower than 
20 cm H2O, and the only independent risk factor for ISD was age 
greater than 50 years.

ISD is classically diagnosed using video urodynamics, which 
shows an open bladder neck at rest. In addition, a low Valsalva 
(abdominal) leak-point pressure (VLPP) is seen (<60 cm H2O) 
in patients with ISD. Incontinent women with a VLPP greater 
than 90 cm H2O usually have type 2 SUI according to fl uoro-
scopic assessment.24 There is also correlation between worsening 
SUI subjective symptoms and a lower VLPP.25 Urethral pressure 
profi lometry has been used to defi ne SUI in women. Weber per-
formed an extensive review of published articles using urethral 
pressure profi lometry and found the technique to be nonstan-
dardized and poorly reproducible.26

The recommendations from the American Urological Associa-
tion clinical guidelines panel summary report published in 1997 

406

Ch038-X2339.indd   406 1/31/2008   2:35:10 PM



 Chapter 38 FASCIA LATA SLING 407

suggested that the standard patient should be informed about the 
four major surgical correction categories: retropubic suspension, 
transvaginal suspensions, anterior repairs, and sling surgeries.27 
According to the panel, the patient should understand that retro-
pubic suspensions and sling surgeries carry a higher complication 
rate along with their higher rate of longer-term cure. The panel 
suggested categorizing patients as having urethral hypermobility, 
ISD, or both, although they acknowledged that there was no stan-
dardized method to make this diagnosis. These recommendations 
decreased the popularity and use of needle suspensions and ante-
rior repairs as treatment options for women with SUI. In May 
2007 the Urinary Incontinence Treatment Network, led by Albo 
and colleagues, published a large randomized study to examine 
the differences between a Burch colposuspension and an autolo-
gous fascial sling.28 Six hundred fi fty-fi ve women were random-
ized to either the Burch or a fascial sling and followed for 24 
months with standardized assessments. Seventy-nine percent of 
the women completed the assessments. Success rates were higher 
for the women who underwent the sling procedure versus the 
women who had a Burch (47% vs. 38%, p = 0.01). Specifi c to 
stress incontinence, there was a 66% success rate in the sling group 
whereas the Burch group had a 49% success rate. Complications 
were higher in the sling group, with more urinary tract infections, 
voiding diffi culty, and postoperative urge incontinence. Perfor-
mance of prolapse repair with the stress incontinence surgery did 
not affect the outcomes between the groups.

This study demonstrates a signifi cantly higher success rate 
with an autologous fascial sling versus a Burch colposuspension 
at only 24 months. The increased complications need to be con-
sidered in the decision-making process as well.

The recommendation to apply a particular surgery depending 
on the type or degree of SUI was suggested by Sand and associates 
in 1987.29 They found a 54% failure rate in patients who under-
went a Burch procedure and who had a mean urethral closure 
pressure (MUCP) lower than 20 cm H2O, whereas the patients 
with a MUCP greater than 20 cm H2O had an 18% failure rate. 
Koonings and coworkers compared 19 women with SUI and low 
urethral pressure to 106 patients with SUI and a normal urethral 
pressure.30 The patients underwent a modifi ed Pereyra procedure 
or a Burch colposuspension. The women with low urethral pres-
sure preoperatively had a higher failure rate, regardless of the 
surgical procedure used, compared to patients with normal ure-
thral pressure profi lometry. These data suggest the limitations of 
colposuspension and needle suspensions but do not limit the 
indication of the pubovaginal sling.

Several studies have examined the use of pubovaginal slings 
in groups of female patients with type 2, type 3, or a combination 
of both SUI types. Kreder and Austin examined 28 female patients 
with SUI.31 Eleven had ISD alone, and 16 had a combination of 
urethral hypermobility and ISD. The diagnostic defi nitions were 
obtained with the use of multichannel video urodynamics. ISD 
existed if the VLPP was lower than 60 cm H2O and the bladder 
neck was open at rest. Urethral hypermobility was defi ned via 
a pelvic examination with the patient performing a Valsalva 
maneuver and a cough. Overall, the patients in the sling group 
(17 with rectus fascia and 11 with fascia lata) had a 70% dry rate 
at an average of 22 months. The patients with ISD alone did 
poorly, with a 55% dry rate, whereas the patients with combina-
tion type 2/3 SUI had an 81% dry rate. One patient in the ISD 
group had a complete surgical failure.

In another study, by Zaragoza, 60 consecutive female patients 
with SUI were examined with multichannel video urodynamics.32 

ISD was defi ned in 22 patients, who had a VLPP lower than 60 cm 
H2O (mean, 42 cm H2O), and 38 patients diagnosed with type 
2 SUI had a mean VLPP of 95 cm H2O. At an average of 25.1 
months after a rectus fascia pubovaginal sling procedure, 95% of 
the patients were completely continent. The three failures were due 
to urgency incontinence, which was present in all three patients 
preoperatively. The success rate was almost identical between the 
patients diagnosed with type 2 and those with type 3 SUI.

Finally, Cross and colleagues examined a large group of female 
patients diagnosed with SUI, all treated with a rectus fascia pubo-
vaginal sling.33 There were 134 patients who were contacted at an 
average of 22 months after surgery, and their initial diagnosis was 
type 2 SUI (45 patients), type 3 SUI (73 patients), or a combina-
tion of both (16 patients). The overall dry rate was 93%, as con-
fi rmed by video urodynamics: 96% of the type 2 patients, 89% 
of the type 3 patients, and 100% of the type 2/3 patients.

All three of these studies included patients who had had prior 
SUI surgery, patients with concomitant procedures, and patients 
with simple SUI (pure SUI, plus or minus urge urinary inconti-
nence). These studies demonstrated the ability to use the pubo-
vaginal sling in women with type 2 and/or type 3 SUI.

CHOICE OF FASCIA LATA SLING AND SOURCE

Autologous rectus and fascia lata are commonly used for pubo-
vaginal slings as well as allogenic fascia. The advantage of autolo-
gous material is the lack of potential disease transmission and low 
erosion rates. Fascia lata offers advantages over rectus fascia such 
as greater tensile strength and lack of abdominal wall hernias 
related to graft harvest; moreover, it is rare that the patient’s past 
surgical history would interfere with harvesting of a long strip of 
fascia lata.34 The harvesting of autologous fascia adds operative 
time and possible morbidity to sling surgery, compared with 
synthetic and allograft fascia sources.

Allograft fascia lata is from a cadaveric source and has been 
used in sling surgery since 1996.35 There is a theoretical advantage 
for the use of CFL compared with a synthetic source in that there 
is a lower risk of erosion, whereas the disadvantage is a chance of 
disease transmission.36 Choe and Bell examined 16 allograft 
sources of tissue, including 8 freeze-dried gamma-irradiated CFL 
allografts.37 Fourteen of the allografts contained DNA material, 
as determined from standardized DNA extraction techniques. 
FitzGerald and colleagues found donor antigens still present in 
CFL prepared via the freeze-dried and the Tutoplast techniques.38 
Hathaway and Choe took four commercially available human 
cadaveric allografts and subjected 10 of each type to DNA extrac-
tion. Thirty-nine (97.5%) of the allografts contained DNA with 
variable amounts.39 The signifi cance of the presence of DNA and 
antigens in the allograft material is unknown. The risk of contract-
ing Creutzfeldt-Jacob disease from allograft material is approxi-
mately 1 in 3.5 million,40 and the risk of human immunodefi ciency 
virus (HIV) transmission is estimated to be 1 in 8 million.41

CFL is mainly made via two techniques: solvent dehydration 
with gamma irradiation (Tutoplast) or freeze-drying (tissue 
banks and FasLata). Both of these preparations require 15 to 30 
minutes to rehydrate in saline before implantation.36 A study by 
Lemer and associates examined the tensile strength of two types 
of CFL (solvent-dehydrated and freeze-dried), autologous rectus 
fascia, and cadaveric dermal grafts.42 They found no signifi cant 
difference between solvent-dried fascia lata, dermal graft, and 
autologous rectus fascia. Freeze-dried fascia lata had a signifi -
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cantly lower maximum-load-to-failure rate than either of the 
other types tested. In contrast, Sutaria and Staskin examined the 
tensile strength after three methods of CFL preservation (freeze-
dried/gamma-irradiated, freeze-dried, and solvent-dehydrated/
gamma irradiated).43 They found no signifi cant difference in the 
tensile strength among the three CFL preparations. Choe and 
colleagues studied the biomechanical properties of full-strip 
slings and patch-suture slings using autologous tissue, cadaveric 
tissues, and synthetic materials.44 For the full-strip slings, cadav-
eric tissues (including CFL) had the best tensile strength, fol-
lowed by synthetics and then autologous tissue. In the analysis 
of patch-suture slings, the synthetic material was the strongest, 
followed by CFL and then autologous rectus fascia. Dora and 
coworkers examined the biomechanical properties of several 
sling materials in a time-dependent fashion.45 They placed the 

materials in rabbit models and tested them before implantation 
and again at 12 weeks. The tensile strength of polypropylene 
mesh and autologous fascia remained consistent with baseline. 
CFL and porcine xenografts decreased in tensile strength by 60% 
to 89%. Walter and colleagues further reviewed the change in 
tensile strength of three lots of freeze-dried CFL after implanting 
it into a rabbit model.46 They demonstrated signifi cant preim-
plantation variability in the tensile strength of the CFL. At 12 
weeks, the samples were explanted and retested and showed a 
90% decrease in tensile strength. The signifi cance of variations 
in tensile strength among the various sling materials has not 
been shown to be clinically signifi cant. Based on the earlier 
failure of some sling materials, the presence of tensile strength 
variations and degradation may play a role in long-term clinical 
success.

Table 38-1 Outcomes of Cadaveric Fascia Lata Sling in Women with Stress Urinary Incontinence

First Author 
and Ref. No. Year N

Follow-up, 
Mean (mo)

Method of 
Follow-up

% Cured/
Improved

% 
Failure

CFL Preparation 
Method Comments

Elliott68 2000 26 12-20 (15) Subjective 77/15  7.6 Solvent-dehydrated 4 patients had no 
leakage 
preoperatively 
(3 with occult 
SUI)

Brown64 2000 104 (12) Subjective 74/19  7 Freeze-dried 19% improved 
used 1-3 pads/
day; 26% used 
≥1 pads/day

Soergel69 2001 12 (3) UDS 33.3 66.6 Freeze-dried Cure was no SUI 
(could have 
detrusor 
instability)

Huang70 2001 18 6.9-11.6 (9.2) Subjective 72.7 27.8 Solvent-dehydrated Failed within 
3-6 mo

Carbone71 2001 154 6-16 (10.4) Subjective 60/2 37.9 Solvent-dehydrated/ 
freeze-dried

Bone-anchored 
CFL: 16.9% 
reoperation rate 
for SUI failure

Flynn62 2002 63 26-32 (29) Subjective 71/13 16 Freeze-dried 29% used ≥1 
pads/day

Chien72 2002 83 (27.4) Subjective 90.1  9.9 Freeze-dried Cured/improved 
= 0-1 pads/day

Walsh73 2002 31 12-14 (13.5) Subjective 93.5  6 Freeze-dried 85% reported 
satisfaction at 
1 yr

Richter74 2003 100 12-48 (35) Subjective ~30/79.7 Freeze-dried Two-thirds had 
some leakage 
at 12 mo

Amundsen,40 
Wright47

1998, 2000 91 3-37 (19.4) Subjective 62.6/21 25.2 Freeze-dried 34.7% of failures 
due to urge 
leakage; failure 
defi ned as ≥1 
pads/day

FitzGerald38,75 1999, 2004 27 0.5-51
(median, 12)

UDS and 
Subjective

48 (subjectively) 41 Freeze-dried 37% reoperation 
rate for SUI 
failure; some 
failed by 2 wk

CFL, cadaveric fascia lata; SUI, stress urinary incontinence; UDS, urodynamic studies.
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CADAVERIC FASCIA LATA OUTCOMES

Using CFL for pubovaginal slings offers the advantage of 
decreased operative time and less patient morbidity.47 The results 
from performing the procedure are less favorable than with their 
autologous counterparts. Table 38-1 displays the results of several 
series of patients undergoing CFL sling cystourethropexy. Overall, 
the follow-up periods were short and most studies used subjec-
tive assessment methods with varying defi nitions of postsurgical 
success. Numerous studies showed high failure rates using CFL 
slings, with postsurgical SUI rates ranging from 6% to 66.6% as 
early as 3 months postoperatively.

O’Reilly and Govier examined eight patients who had recur-
rence of SUI after CFL sling placement.48 Five of the eight patients 
underwent urodynamic studies, which demonstrated ISD with 
lower VLPPs than the patients had had preoperatively. No other 
reason for failure was identifi ed.

Carey and Leach examined the use of CFL for treatment of 
SUI and pelvic organ prolapse in patients at least 80 years old.49 
Thirty-one patients were followed up with a questionnaire at a 
mean of 21.4 months postoperatively. Fifty-fi ve percent of the 
patients reported a 70% improvement in SUI symptoms, and 
90% had no symptoms of pelvic organ prolapse recurrence. This 
compared similarly with the patients who were younger than 80 
years of age. The moderate success in the elderly may be an 
acceptable use of CFL slings to decrease the morbidity of harvest-
ing autologous fascia.

SURGICAL TECHNIQUE

Preoperatively, patients are evaluated with a complete history, 
physical examination, urine analysis, multichannel urodynamic 
studies, and necessary ancillary tests according to their medical 
history. All patients receive perioperative intravenous antibiotics 
and compressive stockings, and mechanical antiembolism devices 
are applied.

Fascia Lata Harvest

Once the patient is anesthetized, the lower limbs are positioned 
for fascia lata harvesting. Usually, we use the right side and pre-
operatively mark the patient accordingly, but either lower extrem-
ity may be used, depending on patient or surgeon preference or 
the presence of previous surgery. The stockings and antiembo-
lism device are placed below the patient’s patella on the right side. 
The right knee is elevated and supported with a 1-L bag of intra-
venous fl uid or a suitable alternative pad or cushion. The extrem-
ity is internally rotated at the right hip and secured using 3-inch 
tape across the leg below the operative site. The operative site is 
prepped and draped as to expose the whole anterolateral aspect 
of the right thigh from the greater trochanter to distal to the 
patella. The anterior superior iliac spine (greater trochanter) 
and lateral femoral condyle are identifi ed and marked. These 
landmarks identify the proximal and distal attachments of the 
fascia lata.

A 3-cm longitudinal incision is marked beginning just above 
the patella over the iliotibial band (Fig. 38-1). Dissection is care-
fully performed to the level of the fascia lata. At this point, two 
parallel incisions are made longitudinally in the fascia lata, 
approximately 2 cm apart. The autologous fascia lata is bluntly 
lifted off the underlying muscle and clamped as far distally as 

possible with a right angle clamp (3 to 4 cm) and transected to 
allow one free end. The free distal end of the fascia lata is secured 
with a 1-0 Prolene suture, and the proximal fascia lata is lifted 
off the muscle belly with the use of a thin malleable retractor. The 
retractor is passed superfi cial and deep to the fascia lata to sepa-
rate it from both the adipose tissue and muscle fi bers. Now the 
free distal end is placed under tension, and a Crawford fascial 
stripper (Fig. 38-2) is used to extend the fascial incisions proxi-
mally (Fig. 38-3). The Crawford fascial stripper is used to mobi-
lize as much fascia lata as possible and divide it proximally before 
it is removed. Immediate compression is applied to the thigh 
to constrict any perforating vessels. The fascial strip is usually 
20 × 2 cm in dimension, and a second 1-0 Prolene suture is 
attached to the proximal end of the fascia lata strip. While com-
pression is maintained on the thigh, the fascia lata is immediately 

Figure 38-1 Patient’s lower extremity in position for autologous 
fascia lata harvest. The incision is illustrated. (From Latini JM, Lux 
MM, Kreder KJ: Effi cacy and morbidity of autologous fascia lata 
sling cystourethropexy. J Urol 2004; 171:1180-1184.)

Figure 38-2 Crawford fascial stripper. (From Latini JM, Lux MM, 
Kreder KJ: Effi cacy and morbidity of autologous fascia lata sling 
cystourethropexy. J Urol 2004; 171:1180-1184.)

Figure 38-3 Incising the fascia lata medially and laterally, along the 
line of the fi bers, using the Crawford fascial stripper. A 1.5 cm by 
18- to 22-cm piece of fascia lata can be harvested using the 
technique. (From Latini JM, Lux MM, Kreder KJ: Effi cacy and 
morbidity of autologous fascia lata sling cystourethropexy. J Urol 
2004; 171:1180-1184.)
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placed in a basin of sterile saline until it is required for sling 
placement. The wound is irrigated and closed in three layers with 
no attempt to close the fascia lata. Before closure, the area is 
carefully checked to ensure that there is no evidence of arterial 
bleeders. Once the thigh closure is complete, a compressive wrap 
is applied to the thigh, and the stocking and antiembolism device 
is replaced. The compressive bandage is usually maintained for a 
total of 8 hours postoperatively, and the patient is encouraged to 
ambulate early. The stockings and mechanical antiembolism 
devices are maintained during the hospital stay.

The results of a study of this method of fascia lata harvest were 
reported by Latini and colleagues in 2004.50 At an average of 4.4 
years, 63 patients returned surveys, and charts were reviewed. 
Postoperatively, 47% of patients reported being able to walk 
pain-free immediately, and this number increased to 93% by 
postoperative day 7. One patient reported a hematoma which was 
treated conservatively. There were no infections, thrombotic 
events, or delays in hospital discharge related to the harvest site. 
Foley and Adamson obtain the fascia lata graft similarly, but with 
a Moseley fasciatome.51 Of their 16 patients there were no imme-
diate complications, and at 3 months the patients were uniformly 
satisfi ed with the cosmetic result.

Walter and coworkers described a different method of obtain-
ing the fascia lata graft using two incisions.52 The fi rst was similar 
to the incision we use, described earlier, and the second was made 
20 cm superiorly. The fascia was mobilized with long Metzen-
baum scissors, and the fi nal dimensions were 24 to 27 cm by 
3 cm. Eleven percent of their 71 patients experienced an objective 
complication, but all were short-term. One patient required 
drainage of a hematoma, two had a seroma (treated conserva-
tively), and fi ve patients developed incisional cellulitis requiring 
oral antibiotics. They were able to monitor the patients for an 
average of 25 months, and 55 of 71 patients responded to a ques-
tionnaire. Of the responding patients, 45% listed 36 separate 
complaints related to the fascia lata harvest. Only 8% were rated 
as clinically signifi cant, and their complaints included discomfort 
for two patients and unacceptable cosmesis for the third patient. 

The authors noted that all patients younger than 60 years of age 
had at least one subjective complaint, whereas the patients with 
no complaints had an average age of 70 years. These data suggest 
higher rates of complication and patient dissatisfaction with 
fascia lata harvest when a fasciatome is not used. Perhaps the 
improved technical capabilities of a fasciatome allow for a speed-
ier recovery with fewer long-term sequelae.

Sling Placement

Once the fascia lata strip has been obtained and the thigh incision 
has been closed, attention is turned to the sling placement. The 
patient is repositioned into the dorsal lithotomy position, and the 
lower abdomen and vagina are prepared and draped in the stan-
dard fashion for a sling cystourethropexy. The method described 
for placement of the sling is a modifi cation of the methods 
described by Beck and colleagues8-10 and by McGuire and Lytton.5 
Initially, a small, transverse, lower abdominal incision is created, 
and dissection is carried down to the rectus abdominis fascia just 
superior to the symphysis pubis. A Foley catheter and a weighted 
vaginal speculum are placed. Silk stay sutures may be used to 
open the labia minor if they are redundant. The vaginal mucosa 
is incised longitudinally on either side of the urethra at the level 
of the bladder neck. A tunnel is then created in the retropubic 
space on either side of the urethra, using sharp and blunt dissec-
tion. This tunnel is dissected to the level of the posterior rectus 
abdominis fascia (Fig. 38-4A). A space is created between the 
urethra and the vaginal mucosa, and the fascia lata graft is placed 
in position posterior to the urethra. A tonsil clamp is then used 
to pierce the rectus abdominis fascia just lateral to the midline. 
The clamp is passed by fi ngertip guidance through the previously 
created retropubic tunnel to the vagina. The ends of the 1-0 
Prolene sutures at one end of the sling are then grasped with the 
clamp and brought out through the abdominal incision. The 
procedure is repeated on the contralateral side (see Fig. 38-4B). 
The two sides of the sling are tied above the rectus fascia via the 
1-0 Prolene. The knot is placed without any tension on the graft, 

A B
Figure 38-4 Sling cystourethropexy. A, Preparing to place the fascia lata autograft. B, Fascia lata autograft in position before the sutures 
are tied. (From Latini JM, Lux MM, Kreder KJ: Effi cacy and morbidity of autologous fascia lata sling cystourethropexy. J Urol 2004; 
171:1180-1184.)
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which is allowed to act as a hammock underneath the urethra. 
Cystoscopy is performed to ensure that no iatrogenic bladder or 
ureteral injuries have occurred. The abdominal and vaginal inci-
sions are closed with absorbable sutures, and a saline-soaked 
vaginal pack is placed. A new Foley catheter is placed to provide 
postoperative bladder drainage. The vaginal pack is removed on 
postoperative day 1, and the catheter is removed on day 7 for a 
voiding trial. The patient is instructed to perform postvoid self-
catheterization until residual urine volumes are consistently less 
than 100 mL.

Suture Techniques

Intuitively, there are a number of methods to secure the fascia 
sling. Initially, the fascial sling was secured directly to the rectus 
fascia on each side. Subsequently, Govier and associates described 
a technique where they obtained a piece of fascia lata long enough 
(24 to 28 cm) to tie the two ends of the sling together over the 
rectus fascia without anchoring the sling directly to the rectus 
fascia.53  In an attempt to improve urethral coaptation, Pérez and 
colleagues described securing the ends of the fascial graft to 
Cooper’s ligament with or without crossing the ends of the graft 
across the midline.54 To further enhance urethral coaptation, 
Ghoniem described wrapping the sling around the urethra at the 
level of the bladder neck in patients with myelomeningocele.55 
Once the sling is in place, several methods of securing it at the 
level of the bladder neck have been described. Suturing the mid-
portion of the sling to the periurethral fascia was described by 
Gormley and associates.56 A more complex method was described 
by Govier and coworkers, who used three interrupted absorbable 
sutures to tack the sling to the bladder and urethra.53 The use of 
a submucosal tunnel appears to limit the need to secure the sling 
at the urethra.

Sling Tension

Since the introduction of the sling, there have been problems 
with overcorrection of the urethral axis causing obstructive 
symptoms or urinary obstruction.57,58 Most surgeons performing 
suburethral sling surgery would agree that proper sling place-
ment using a tension-free technique is vital for an acceptable 
surgical outcome. Excessive sling tension has been identifi ed 
as a signifi cant risk factor for persistent postoperative urinary 
retention.57,58 The technique we prefer takes the ends of the graft, 
which are brought up to the rectus abdominis fascia, allowed to 
settle into position by gentle traction on the Foley catheter, and 
secured above the rectus abdominis fascia as previously described. 
The urethra is carefully inspected after this procedure to en-
sure that it is in an anatomic position without evidence of 
overcorrection.

Numerous methods of adjusting sling tension intraoperatively 
have been reported. An intraoperative urethral manometry to 
create an intraurethral pressure of 50 to 90 cm H2O at the sling 
site was used by Beck and colleagues.10 Endoscopic observation 
with direct visualization of mucosal “soft” coaptation was 
described by McGuire and colleagues as a method to adjust sling 
tension.59 Alternatively, Govier described adjusting the sling 
tension until one fi nger could be placed between the suture and 
the anterior abdominal wall.53 Rovner and coworkers used a cys-
toscope sheath placed transurethrally to maintain the urethral 
position while the sling was secured above the rectus abdominis 
fascia.60 Nguyen and coauthors described the use of a cotton swab 
placed at the urethrovesical junction and maintained at an angle 

between 0 and 10 degrees to the horizontal plane while the sus-
pension sutures were tied down.61

CLINICAL OUTCOMES

The results of the CFL sling have been discussed (see Table 38-1). 
The autologous fascia lata sling has been reported dating back to 
1933.7 Table 38-2 details some of the series of patients who have 
been examined. The cure rate from the autologous fascia lata 
sling ranges from 50% to 93%, and the improved rate represents 
another 2.3% to 27% of patients. Most of the studies had a failure 
rate of less than 10%, but one was as high as 27%. Only 3 of 
13 studies used urodynamic studies to defi ne cure; the remaining 
10 studies used subjective data in the form of standardized and 
author-initiated questionnaires. The variability in assessment 
methods creates diffi culty when comparing results from various 
studies. Overall, the successful trend of the autologous fascial 
sling is obvious. The autologous fascial sling has a higher success 
rate than its cadaveric counterpart.

COMPLICATIONS

After a pubovaginal sling placement, the complications specifi c 
to the surgery are urinary retention, de novo urgency, and urge 
incontinence.

Latini and colleagues used autologous fascia lata and surveyed 
63 patients at an average of 4.4 years after surgery.50 Postopera-
tively, 93% of the patients walked pain-free by 7 days, and there 
were no harvest site complications.

The rate of development of de novo urgency after pubovaginal 
sling placement has been reported to be from 10.8% to 28%.31,62,63 
Flynn and Yap studied the outcomes of 134 women who under-
went placement of a pubovaginal sling (63 CFL and 71 autologous 
fascia lata).62 The follow-up was a mean of 29 months in the CFL 
group and 44 months in the autologous fascia lata group. The 
CFL group had recurrence of the SUI in 13% and urge urinary 
incontinence (UUI) in 24%, with half of these being de novo 
cases. The autologous fascia lata group had recurrence of SUI in 
10% and a 16% rate of UUI, with only 2 of 11 cases being de novo 
in origin. Two patients had a bladder perforation which healed 
uneventfully after a week of catheter drainage. Overall, there were 
23 urinary tract infections and 4 abdominal wound infections, 
with slightly more of each in the autograft group. The allograft 
group had one case of prolonged retention that resolved at 56 
days; the autograft group had three cases, two of which resolved 
at 45 and 90 days. The last patient in the autograft group required 
vaginal urethrolysis. Brown and Govier had a median postopera-
tive catheterization of 9 days in their 104 patients who underwent 
a CFL pubovaginal sling.64 Their 46 patients in the autograft group 
had a median catheterization of 14 days. There were two cases of 
prolonged retention in the CFL group and three cases in the 
autograft group, with one of the latter requiring urethrolysis.

Miller and associates attempted to predict who is at risk 
for development of urinary retention after pubovaginal sling 
placement.65 Urodynamics and clinical evaluation were per-
formed in 73 women before and after sling surgery. The average 
time to effi cient voiding was 3.9 days. Twenty-one women 
voided preoperatively without a detrusor contraction, and 4 went 
into postsurgery retention. The remaining women who had a 
preoperative detrusor contraction of at least 12 cm H2O did not 
develop postoperative retention. This study demonstrated that 
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the absence of a preoperative detrusor contraction is a risk factor 
for retention after pubovaginal sling placement.

Amundsen and associates reported fi nding 9 cases of urethral 
erosion in a population of 57 women referred for urethrolysis.66 
Six of the 9 patients had had fascia lata used for their sling (5 
CFL, 1 autologous fascia lata). All were treated with transvaginal 
lysis, and in no case did SUI recur. Kammerer-Doak and col-
leagues reported 5 of 22 patients with CFL for pubovaginal 
sling developing vaginal erosion at a mean of 36.8 days after the 
procedure.67 They also noted 3 of 11 cases of vaginal erosion after 
abdominal sacrocolpopexy. The only risk factor identifi ed for 
erosion was the development of a postsurgical febrile episode.

CONCLUSIONS

Fascia lata cystourethropexy is an appropriate choice for patients 
who require surgery for treatment of SUI. The success rate of the 
CFL sling ranges from 30% to 93.5%, and the failure rate can be 
from 6% to 66.6%. The autologous fascia lata sling has a higher 
success rate, from 50% to 93%, with a more acceptable failure 
rate of about 10%. Overall, the procedures are safe, with the 
autologous fascia lata causing more short-term patient morbidity 
than the CFL, which may be acceptable considering its improved 
outcomes.

Table 38-2 Outcomes of Autologous Fascia Lata Sling in Women with Stress Urinary Incontinence

First Author 
and Ref. No. Year N

Follow-up in 
Months, Range 

(Mean)
Method of 
Follow-up

% Cured/
Improved

% 
Failure

Fascial 
Source Comments

Low76 1969 36 24-84 (12) Subjective 86/9  5 FL —
Addison77 1985 97 UDS and 

subjective
86.7/8  5 FL 94 procedures were 

performed secondarily
Beck10 1988 170 1.5-264 (24) UDS and 

subjective
92.4/2.3  5 FL Recommend reserve FL 

sling surgery for 
postsurgical SUI

Karram78 1990 10 12-24 UDS 90/10 Nil FL Used patch FL sling 
(5 × 7 cm)

Golomb79 1997 20 12-53 (30.7) Subjective 90/10 Nil RF/FL 5% voiding dysfunction 
postoperatively

Haab63 1997 37 24-60 (48.2) Subjective 73 (combined) 27 RF/FL 62.1% with DI, 10.8% 
de novo DI

Breen80 1997 60 6-42 Subjective 90 (combined) 10 FL 13.4% slings needed to 
be released for urinary 
retention

Govier,53 
Brown64

1997, 2000 30 (44) Subjective 73/27 Nil FL Improved defi ned as 
1-3 pads/day; 1997 
study found 10% 
failure rate

Petrou81 2001 14 5-41 (17) Subjective 50/7 Nil RF/FL Used Blavis-Groutz score 
to measure outcomes

Flynn62 2002 71 30-58 (44) Subjective 77/13 10 RF/FL 16% total UUI, 5% de 
novo UUI

Kreder,31 
Latini50

1996, 2004 63 9.6-111.6 (52.8) Subjective 85 (combined) 15 FL Success = 75% 
improvement over 
preoperative SUI 
symptoms

DI, detrusor instability; FL, fascia lata; RF, rectus fascia; SUI, stress urinary incontinence; UDS, urodynamic studies; UUI, urge urinary incontinence.
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Chapter 39

TENSION-FREE VAGINAL TAPE
John J. Klutke and Carl G. Klutke

Correction of female stress urinary incontinence (SUI) with the 
use of tension-free vaginal tape (TVT) was described in its present 
form in 1996.1 Its unique features included intentional placement 
of support at the mid-urethra (previous surgical correction of 
SUI aimed to suspend the proximal urethra) and the use of a 
stress test to guide the surgeon in determining the degree of 
outlet resistance created. The biologically inactive nature of 
Prolene was recognized, and a Prolene mesh strip was placed to 
support the mid-urethra. The mesh was held in place by contact 
with adjacent tissue and was not separately fi xed in place.

Ulmsten and colleagues recognized that correction of SUI 
carried a risk of interference with normal voiding.2 TVT was 
designed to surgically correct support of the urethra at the 
level of the mid-urethra, the area where the pubourethral liga-
ments insert on the urethra. Ulmsten believed that the proximal 
urethra, the site of initiation of voiding, should be left in its 
normal, anatomically mobile state. The procedure was also 
designed to avoid excessive tension on the urethra by including 
a check mechanism in which mesh placement was adjusted based 
on a cough stress test. In order to do this, the patient had to 
remain awake and as close as possible to her normal state, elicit-
ing the SUI.

The procedure was introduced in the United States in Novem-
ber of 1998. It soon became enormously popular with gynecolo-
gists and urologists alike, and within 5 years it became the most 
commonly performed procedure for SUI. With this remark-
able change in practice came reports of TVT-associated com-
plications. Shortly after introduction of the TVT procedure 
into mainstream practice, bowel and large vessel injury were 
reported.3,4 In some cases, complications resulting from TVT 
placement had fatal consequences. Such serious complications 
are exceedingly rare with TVT. Nonetheless, introduction of the 
procedure into mainstream use brought to light unique chal-
lenges inherent in training surgeons to perform it properly and 
the need to develop an effective credentialing instrument. Fur-
thermore, it was recognized that serious adverse events can occur 
even when an expert performs the procedure.

TECHNIQUE

Figures 39-1 and 39-2 illustrate the technique used in the TVT 
procedure. Use of a vaginal incision (see Fig. 39-1) as opposed to 
an abdominal incision (see Fig. 39-2) as the starting point for 
trocar passage is a defi ning feature for the procedure and verifi es 
accurate placement of support at the mid-urethra. Although the 
direction of trocar passage has been hypothesized to increase the 
potential for bladder injury, three randomized comparisons of 
TVT to conventional sling operations with blind “up to down” 
mesh introduction showed no difference in the incidence of inad-
vertent bladder puncture.5-8

The procedure can and should be performed with the patient 
under local anesthesia and conscious sedation. Data have shown 
higher rates of voiding dysfunction and lower success rates with 
procedure deviations in which the cough stress test is not used.9,10 
The cough stress test with spinal anesthesia is misleading because 
of paralysis of the pelvic fl oor. The TVT procedure is pain free 
when performed properly and with adequate levels of local 
anesthetic.11 In the absence of comparative studies with suffi cient 
power to discern small differences in outcome when deviations 
from the original technique are used, it is our opinion that 
the TVT procedure should be performed as described by 
Ulmsten and colleagues,1 using the cough stress test to guide 
placement.

Figure 39-3 illustrates passage of the introducing trocars. This 
step is a coordinated motor task without visual input. In other 
words, placement of the device is “blind.” The tactual and kines-
thetic cues involved in passing the trocar through the body are 
subtle. Bladder perforation is a relatively common complication, 
and cystoscopy is a required part of the procedure. Whether the 
procedure is performed by an expert or an amateur, unrecog-
nized bowel injury is a possibility.

415

Figure 39-1 Tension-free vaginal tape procedure: vaginal incision.
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PROOF OF CONCEPT

The published clinical experience with TVT is extensive and sup-
ports Ulmsten’s promise of a simple, minimally invasive and 
highly effective solution to incontinence. Four studies have dem-
onstrated minimal or no alteration in proximal urethral mobility 
after TVT procedure.12-15 In a comparative study of colposuspen-
sion and TVT, Atherton and Stanton demonstrated that both 
procedures resulted in decreased mobility of the proximal urethra, 
but that statistically greater change was present after colposus-
pension.16 It is apparent that cure of SUI is possible without 
affecting proximal urethral mobility.12

Urodynamic studies of voiding after the TVT procedure show 
confl icting results. Increased urethral resistance is demonstrated 
in two studies, but not in two others.17-20 In a comparative study, 
Wang and Chen reported increased urethral resistance and 
decreased fl ow rates after colposuspension.19 There was no dif-
ference in these measurements after TVT. Both increased and 
unchanged pressure transmission at the mid-urethra after TVT 
have been reported.20-22 Confl icting measurements of urody-
namic parameters after TVT may refl ect small sample size in 
some of the studies or variable operator experience with the 
technique. They may also have resulted from the use of spinal 
anesthesia in two of the studies.19,20 This is a deviation from the 
original technique, and with motor block of the pelvic fl oor 
affecting the cough stress test, it is conceivable that the degree of 
tension placed on the sling could be affected as well.

The rationale for performing TVT is to avoid overcorrection 
of anatomy and its systemic consequences. In a randomized com-
parative trial of TVT and colposuspension, signifi cantly more 
women underwent corrective surgery for prolapse in the colpo-
suspension group during the 2-year follow-up period.23 Colpo-
suspension, but not TVT, appeared to be causative in the 
development of the prolapse. There was a statistically signifi cant 
increased incidence of voiding dysfunction in the colposuspen-
sion group at the 2-year follow-up. These fi ndings highlight the 
importance of minimizing the changes induced in the system to 
restore continence, to minimize subsequent vulnerability to pro-
lapse or the development of voiding dysfunction.

CONNECTIVE TISSUE RESPONSE

With the present widespread use of synthetic material in recon-
structive pelvic surgical procedures, the potential for vaginal 
healing complications warrants close attention. Mesh or suture 
introduced in the vagina is, ideally, biologically inert and restores 
structural support by stimulating connective tissue growth with 
minimal infl ammatory response. Clearly, different materials vary 
in the host reaction that is elicited when they are implanted in 
the body. Biologically active materials should be avoided.

Polypropylene mesh placed near the bladder in rabbits is well 
accepted by the host without exaggerated infl ammation.24 The 
material is also well accepted in humans, with fi brosis but little 
infl ammatory response to mesh placed in paraurethral tissue.25 
Pore size, dimension, and weave of the mesh may also play a role 
in the host reaction, but they have less impact than the bioactivity 
of the material itself.

Comparison of bioactivity of Prolene versus Mersilene (poly-
ester) has been made in humans. During the development of the 
TVT procedure, a high incidence of rejection of urethral slings 
made of Mersilene, but not slings made of polypropylene, was 
noted. Given this observation, Falconer and associates correlated 
clinical outcome with slings of both materials with biochemical 
measurements of connective tissue taken by biopsy near the site 
of sling placement.26 Histologic differences were apparent, with 
greater tissue infl ammatory reaction recorded in the Mersilene 
group. Greater collagen was also present in the Mersilene group, 
suggesting an increased host response.

The best indicator of the biologic inactivity of Prolene mesh 
in humans has been the clinical experience that has accrued since 
introduction of the TVT procedure. Vaginal healing complica-
tions have been rare with the TVT technique. In a large analysis 
of complications associated with the TVT procedure, the inci-

Figure 39-2 Tension-free vaginal tape procedure: abdominal 
incision.

Figure 39-3 Blind passage of the introducing trocars.
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dence of vaginal mesh extrusion was 0.7 %.27 Most of these com-
plications are better termed exposures than erosions, because the 
technique allows for placement of the polypropylene mesh in the 
tissue without excessive tension, or hang, on the capillary bed of 
the surrounding tissue.

Several authors have described conservative management of 
vaginal mesh exposure (i.e., excision of the exposed fragment and 
closure).21,28-31 Complete excision of mesh, technically a very dif-
fi cult procedure with the potential for excessive blood loss and 
dissection injury to the urethra and bladder, appears to be unnec-
essary in most cases.

EFFICACY

Effi cacy was initially reported in 1998. Ulmsten and colleagues 
evaluated 131 consecutive cases performed at six centers.32 All of 
the procedures were performed with the patient under local anes-
thesia. Outcome was determined by subjective and objective 
testing and was reported for the 1-year follow-up visit. Ninety-
one percent of the study subjects were cured. The incidence of 
voiding dysfunction was minimal, with only one subject requir-
ing catheterization for longer than 10 days.

Two other prospective studies were published in 1998. Nilsson 
reported cure in all of 31 consecutive patients who underwent 
the TVT procedure for SUI.33 The procedure was performed with 
the patient under local anesthesia. Only one patient required 
catheterization for longer than 24 hours after the operation. 
Wang and Lo reported objective cure in 83% of 70 subjects after 
the TVT procedure for SUI.34 In most cases, the surgery was 
performed with the patient under epidural anesthesia. Although 
still low, the incidence of voiding dysfunction was greater than 
in the other two studies, and the authors cited the choice of 
anesthesia as a potential explanation.

Soulie and colleagues,35 Meschia and colleages,28 Nilsson and 
Kuuva,36 and Olson and Kroon37 published other prospective 
studies. This brought the total number of subjects studied pro-
spectively to 900. Although these initial studies were observa-
tional and reported short-term follow-up, they suggested high 

rates of effi cacy with minimal voiding dysfunction, supporting 
the unique concepts that the TVT procedure introduced.

Ulmsten and coworkers, reported a study with 3-year follow-
up in 1999, showed stable results that were comparable to those 
of previous studies.38 Data with longer follow-up were available 
in 2001. Ninety consecutive patients were monitored for 5 years, 
with subjective and objective success rates reported to be 85%.39 
In other studies with long-term follow-up, Ulmsten’s group 
reported cure in 82% of 34 women who underwent TVT for 
recurrent SUI, 74% of 49 women who had ISD, and 85% of 80 
women who had mixed urinary incontinence.40-42 Mid-term and 
long-term follow-up data are summarized in Table 39-1. Kuuva 
and Nilsson43 and Jomaa44 reported stable cure rates for TVT at 
7-year follow-up.

Ward and Hilton reported a prospective randomized com-
parison of TVT to colposuspension in women with Genuine 
Stress Urinary Incontinence (GSUI).21,23 Exclusion criteria were 
detrusor instability, voiding problems, prolapse requiring treat-
ment, and previous surgery for incontinence or prolapse. A 
total of 344 subjects were recruited. Two years after surgery, 
objective cure rates for SUI were 63% for the TVT procedure 
group and 51% for the colposuspension group. These rates 
initially seem low in comparison to those typically reported for 
anti-incontinence operations in general, and it is important to 
consider the study design in interpreting the data. First, the study 
outcome was based on intent to treat, and those subjects who 
withdrew or were lost to follow-up were considered failures. 
Second, the criteria used to defi ne cure in the study were stricter 
than those usually used: Only those subjects with less than 1 g of 
change in perineal pad weight after a 1-hour pad test were defi ned 
as cured. When cure was based purely on urodynamic fi ndings, 
common practice in the urogynecology literature, TVT and col-
posuspension cured 89% and 85% of the subjects, respectively. 
These results suggest that, in a large group of randomly assigned 
patients, TVT was effective and appeared to be as effective as 
colposuspension in the treatment of SUI.

Operative complications were also described in the Ward and 
Hilton study.23 In the initial 6-month follow-up report, the rate 
of operative complication was higher for the TVT procedure. The 

Table 39-1 Outcome after Tension-Free Vaginal Tape Procedure: Mid-term and Long-term Follow-up

Investigators and Ref. No. Year N Follow-up, Mean (yr) % Cured

Ulmsten et al.38 1999  50 3 86
Olsson and Kroon37 1999  51 3 90 (objective)
Nilsson and Kuuva36 2001  85 4 85 (objective)
Nilsson et al.39 2001  90 5 85 (subjective)

85 (objective)
Rezapour and Ulmsten40 2001  34* 4 82 (objective)
Rezapour et al.41 2001  49† 4 74 (objective)
Rezapour and Ulmsten42 2001  80‡ 4 85 (objective)
Villet et al.29 2002 124 3 89 (objective)

95 (subjective)
Kuuva and Nilsson55 2003  51* 2-5 80 (subjective)

90 (objective)
Total 564 84

*Recurrent stress incontinence.
†Intrinsic sphincter defi ciency.
‡Mixed urinary incontinence.
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most frequent complications, bladder and vagina penetration, 
were not serious (Table 39-2). Fifteen bladder perforations 
occurred in the TVT group and 3 in the colposuspension group. 
None of these complications led to further adverse effects. Esti-
mated blood loss was greater during colposuspension, although 
there was one serious hemorrhage in the TVT group. Postopera-
tive complications, especially voiding dysfunction, occurred most 
commonly after colposuspension. Signifi cantly more women 
in the colposuspension group required a subsequent prolapse 
operation.

Other comparative studies have been published.5-8,45-48 
Although these studies reported on smaller numbers of patients 
and had limited power to determine differences in outcome, they 
suggested equal results for TVT compared with colposuspension, 
laparoscopic colposuspension, and sling procedures.

BLADDER PERFORATION

A wide range for incidence of bladder perforation has been 
reported in prospective studies. In the hands of experts, the inci-
dence of perforation is small, 1% or less. Others have encoun-
tered the complication more frequently, with a range of incidence 
from 4.4% to 71% reported in the literature.49 Previous surgery 
has been cited as a contributing factor, but most perforations 
occurred in patients without scarring or distortion of the 
anatomy. Although proper patient selection plays a role in avoid-
ing perforation, operator experience may be a more important 
factor.50 Bladder perforation can be assumed to be due to 
improper trocar passage. This mechanism, taken as an error 
pathway, could also explain inadvertent bowel or vessel perfora-
tion. Bladder perforation does not have permanent implications 
for the individual patient, but it can be viewed as a sentinel event 
for operator error during introduction. It may therefore be 
related to the genesis of other complications resulting from oper-
ator error, which may have more serious implications for the 
patient.

Delayed penetration of the bladder or urethra has been 
reported.51 This may represent delayed recognition or true migra-
tion of the tape. Urinary tract fi stulas have also been reported.52

OTHER COMPLICATIONS

Two national registry databases are available that report compli-
cations associated with the TVT procedure.52,53 It appears that the 
incidence of most complications with TVT is low relative to col-
posuspension and sling procedures. Gynecare company data are 
also available and provide an estimate of the incidence of serious 
complications.54 Reporting complications to the company is vol-
untary, and the incidence determined is likely an underestima-
tion. Based on 700,000 TVT procedures performed worldwide, 
there were 49 cases of vascular injury, an incidence of 0.007%. 
There were 35 cases of bowel injury (0.005%). Seven deaths were 
reported as of December 31, 2004, all related to vascular or bowel 
injury.

CONCLUSIONS

The emergence of the TVT procedure may represent the most 
signifi cant development in incontinence treatment in the last 
50 years. There is ample scientifi c data supporting its use. The 
procedure is highly effective and has long-lasting, if not per-
manent, results. Studies indicate that the procedure is safe when 
performed by well-trained individuals who have experience in 
pelvic anatomy. Nevertheless, there are troubling issues related 
to this blind procedure that is meant to be a mainstream solution 
to an extremely prevalent disorder. Complications are possible 
and can be fatal. The genesis of these complications is complex 
and includes operator error. Conventional prospective outcome 
studies, so useful in determining how well TVT works, explain 
very little about how it can go wrong. Clearly, there remains 
much work to be done in the area of anti-incontinence surgery.

Table 39-2 Complications Associated with Tension-Free Vaginal Tape

Complication
Tamussino et al (2001)53

(N = 2795)
Kuuva and Nilsson (2002)52

(N = 1455)

Ethicon, Inc. Complaint 
Reporting Statement54

(N = 700,000)

Bladder perforation Not reported  4.00% Not reported
Major vascular injury 0.68%  0.07% 49 cases (0.007%)
Vaginal healing defect Not reported  0.70% Not reported
Nerve injury 0  0.07% 7 cases (0.001%)
Tape division or displacement for retention 1.00%  0.20% Not reported
Bowel perforation 0.036%  0 35 cases (0.005%)
Urethral erosion 0  0 30 cases (0.004%)
Urinary tract infection 17% 14.10% Not reported
De novo detrusor overactivity Not reported  1% Not reported
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Chapter 40

MIDURETHRAL TO DISTAL URETHRAL SLINGS
Peter R. Petros

MIDURETHRAL TO DISTAL URETHRAL SLINGS

The fi rst part of this chapter addresses the anatomic basis for the 
midurethral sling operations, and the second part describes the 
surgical techniques themselves.

Short History of Midurethral Slings

The fi rst prototype midurethral sling, the “intravaginal sling-
plasty” operation, was performed in 1986. This operation1,2 was 
based on the anatomic work of Robert Zacharin3 and the obser-
vation that an implanted plastic fi ber causes a controlled deposi-
tion of collagen. It was reasoned that a tape placed at the site of 
the pubourethral ligament, without tension, would create a scar 
tissue reaction and strengthen the weakened ligament. It was also 
reasoned that a midurethral tape placement without abdominal 
attachment would eliminate most of the postoperative pain 
and urinary retention associated with sling and colposuspension 
procedures. These hypotheses were proven in the prototype 
intravaginal slingplasty operations. The one remaining problem, 
a high rate of foreign body reaction to Mersilene, was resolved 
by using polypropylene.2

Structural Anatomy

Without ligamentous support, the bladder, urethra, and vagina 
have no shape, strength, or function. Fibroligamentous attach-
ments connect urethra and bladder base to the vaginal membrane 

(Fig. 40-1), so any laxity of the underlying vagina may infl uence 
the urethra and bladder base. Stress urinary incontinence (SUI) 
is a mechanical process.1 To better understand the pathogenesis 
and treatment of SUI, it is useful to examine how ligaments, 
fascia, and muscle forces all combine to give shape, strength, 
and function to the vagina. All the component structures in 
Figure 40-2 are interconnected, and all have a role in the func-
tioning of the system. It follows that more than one damaged 
structure may need to be repaired for optimal restoration of a 
particular function.

421

Figure 40-1 Unsupported organs have no strength, structure, or 
function. X indicates fi broligamentous attachments of distal urethra 
and bladder base to the vagina. The proximal urethra is not 
attached. PUL, pubourethral ligament; USL, uterosacral ligament.

Figure 40-2 The suspension bridge analogy. The vagina is suspended anteriorly by the pubourethral ligament (PUL), posteriorly by the 
uterosacral ligament (USL), superiorly by arcus tendineus fascia pelvis (ATFP), and by attached fascia (f). Muscle forces (arrows) stretch the 
vaginal membrane against the suspensory ligaments to create shape and strength. PS, pubic symphysis; S, sacrum.
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Anatomy of the Urethra’s Attachments

Figure 40-3 is a live anatomic study4 of the structures involved 
in urethral closure. They are, in order of importance, the pubo-
urethral ligament (P), the suburethral vaginal hammock (H), 
and the external urethral ligaments (E). The external ligament 
E attaches the external urethral meatus to the anterior surface 
of the pubic bone. The pubourethral ligament P descends 
from the posterior surface of the pubic bone.3 Its medial part 
(m) attaches to the middle part of the urethra, and its lateral 

part (l) to the pubococcygeus muscle and, by extension, to the 
vagina.

In 1963, Robert Zacharin demonstrated that the vaginal 
hammock is inserted into the lateral closure muscles (Fig. 40-4). 
This anatomy is consistent with dynamic video radiographic 
studies and ultrasound observations (Figs. 40-5 and 40-6).

Dynamic Anatomy of Urethral Closure

Abdominal ultrasound5 (see Fig. 40-5B) demonstrates the con-
tribution of the hammock and external ligament (E) to urethral 
closure. Closure occurs from behind, presumably by forward 
stretching of the hammock (H) against (E) by contraction of the 
pubococcygeus muscle (PCM).

Importance of Midurethral Anchoring for 
Closure and Micturition

The importance of a midurethral anchoring point is evident on 
the sequence of radiographs in Figure 40-6. During straining (see 
Fig. 40-6B, arrow), the distal urethra is pulled forward against the 
pubourethral ligament (PUL) for “urethral closure.”1 The proxi-
mal urethra is stretched backward and downward against the 
PUL (arrows) for “bladder neck closure.”1 During micturition 
(see Fig. 40-6C, arrows), the forward muscle force appears to 
relax, allowing the posterior urethral wall to be pulled open by 
the backward/downward muscle forces, right down to the PUL 
anchoring point. This opening vastly reduces the intraurethral 
resistance, facilitating the expulsion of urine. A surgical attach-
ment at the bladder neck (Burch, fascial sling) may forcibly 
restrain the urethra from being stretched open during micturi-
tion, so that the detrusor has to expel urine through a narrower 
channel with a much higher resistance. The patient perceives this 
symptomatically as a slow fl ow, stopping and starting, incom-
plete emptying, and so on. From these radiographs it can be 
deduced that, whatever the operation performed for SUI, anchor-
ing at or near the mid-urethra without excessive tension is an 
important factor in preventing postoperative urinary retention.

Clinical Anatomy: “Simulated Operations”

The individual contribution of the PUL, hammock, and the 
external urethral ligament (EUL) to urethral closure can be dem-
onstrated directly by the offi ce technique of “simulated opera-
tions.” This technique also directly tests the theory underlying 
this work1 for truth or falsity. A patient with known urine loss 
on coughing is tested with a full bladder in the supine position.7 

A

B
Figure 40-3 A, Suspensory ligaments of the distal urethra: view 
into the vagina, left paraurethral incision. The labels m and l 
indicate the medial and lateral branches of the pubourethral 
ligament, P. E, external urethral ligament; f, Foley catheter; 
H, hammock. B, Schematic sagittal view. EUL, external urethral 
ligament; PUL, pubourethral ligament.

Figure 40-4 Anatomy of the vaginal hammock. Coronal section, 
cadaveric study. Arrows show direction of muscle forces. 
H, suburethral vaginal hammock; LA, levator ani also known as; 
pubococcygeus muscle PCM; U, urethra; V, vagina.

Ch040-X2339.indd   422 1/31/2008   2:35:52 PM



 Chapter 40 MIDURETHRAL TO DISTAL URETHRAL SLINGS 423

Pressing upward on the anterior vaginal wall at the level of mid-
urethra with a hemostat during coughing (Fig. 40-7) provides a 
temporary anchoring mechanism and mimics a midurethral 
sling. This maneuver immediately reduces urine loss in approxi-
mately 70% to 80% of patients.7 Taking a fold of the hammock 
with a second hemostat (“pinch test”)8  usually restores complete 
continence in the remaining 20% to 30% of patients.7 Anchoring 
the external urethral meatus may decrease urine loss in approxi-
mately 10% of patients. The synergistic actions of these structures 
can be demonstrated by anchoring one and then two structures 
simultaneously.

Anatomic Basis for Simulated Operations
During closure, the backward muscle forces (see Fig. 40-7, arrows) 
stretch the vaginal membrane and the trigone backward against 
the PUL. This action tensions the urethral tube and the vaginal 
hammock.7 The forward force, the anterior portion of pubococ-
cygeus (PCM), then stretches the vaginal hammock (H) forward 
to close the urethra from behind. Finally, the downward force, 
the longitudinal muscle of the anus (LMA), rotates the vagina 
and bladder base in a plane around the PUL to close off the 
bladder neck and proximal urethra. A weak PUL cannot suffi -

ciently anchor the two backward forces (see Fig. 40-7), so the 
urethra is forcibly pulled from the closed (C) to the open (O) 
position during effort (Fig. 40-8). This is the clinical condition 
of SUI. It follows that a competent PUL is very important for 
stress continence control.

Figure 40-8 demonstrates the sequence of events in a patient 
with SUI. The anterior (a) and posterior (p) walls of the vagina 
are pulled backward and downward during straining (see Fig. 
40-8B), opening out the outfl ow tract and causing urine loss 
(i.e., SUI). Midurethral anchoring (see Fig. 40-8C) restored 
normal bladder neck anatomy and continence in this patient. The 
sequence of events in Figure 40-8 indicates that the mechanism 
for causation of SUI is active opening out of the outfl ow tract by 
muscle forces, secondary to a lax midurethral anchoring point 
(see Fig. 40-7).

SURGERY

Five approaches to the tension-free midurethral sling are pre-
sented here: midline vaginal, suprapubic, paraurethral, trans-
obturator, and subpubic. All work the same way anatomically.

A B
Figure 40-5 A, Abdominal ultrasound image and schematic diagram of distal urethra at rest. E, external urethral ligament attaching external 
meatus to the anterior surface of pubic bone; H, suburethral vaginal hammock; PS, pubic symphysis; U, urethral cavity. B, Same patient, 
image while straining. Note how the hammock is closed from behind (arrows). The ligament E needs to be fi rmly anchored for optimal 
action of the closure forces. (From Petros PE, Ulmsten U: An integral theory of female urinary incontinence. Acta Obstet Gynecol Scand 
69[Suppl 153]:7-31, 1990.)
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Surgical Anatomy: Importance of Repairing 
the Whole System

Surgery is about restoration of anatomy. Based on the anatomic 
evidence presented, reconstruction of all damaged structures 
contributing to urethral closure is recommended: a midurethral 
tape (obligatory), hammock repair (obligatory), and, if it is lax, 
repair of the EUL. The midurethral sling is the most important 
component7 of the closure mechanism. However, each structure 
contributes differently within each patient. The differential 
contribution to SUI of the EUL, hammock, and PUL can be 
estimated by performing a simulated operation (see Fig. 40-7), 
supporting each structure in turn while asking the patient 
to cough. In patients with intrinsic sphincter defect, or ISD 
(maximal urethral closure pressure <20 cm H2O), it is advis-
able to repair all damaged structures so as to achieve 
optimal urethral closure. Using the paraurethral approach in 
a group of 11 patients with ISD, a cure rate of greater than 

90% was achieved by repairing both the sling and the hammock.9 
A sling repair without hammock tightening achieved a 74% 
cure rate.10

Midline Vaginal Approach

An 18-french catheter in the urethra is used as a splint to lessen 
the possibility of urethral perforation (Fig. 40-9). Place the 
vaginal epithelium under stretch. Make a full-thickness incision 
in the midline from meatus to mid-urethra. Dissect between 
vagina and urethra laterally with scissors. Proceed with perfora-
tion of the diaphragm with scissors between the periosteum and 
subpubic ligaments, creating a space suffi cient for entry of the 
delivery instrument.

Making a hole in the perineal membrane is the most critical 
step, no matter which delivery instrument is used, because it 
confers built-in safety to what is, essentially, a blind procedure. 
The hole prevents excessive thrust and allows perfect control of 

A

B

C

Figure 40-6 Role of the pubourethral ligament (PUL) during straining 
and micturition: radiographs taken at rest (A), on straining (B), and 
with micturition (C) in the same patient. The pubourethral ligament 
(PUL) is a critical anchoring point for the muscle forces (large arrows) 
in both straining and micturition. During straining, three muscle forces 
(arrows) act against the PUL. On micturition, the forward force 
relaxes; the backward/downward vectors (diagonal arrows) pull 
against PUL to open out the urethra and bladder neck. The white 
broken lines are drawn against fi xed bony points. Note the downward 
angulation of the levator plate (LP) in B and C. B, bladder; CX, cervix; 
R, rectum; U, urethra; USL, uterosacral ligament; V, vagina. 
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the instrument at all times, helping avoid the major complica-
tions of this procedure, damage to the bladder and major vessels. 
Furthermore, if the subpubic venous sinuses are breached, this 
can be identifi ed, because the bleeding fl ows out through the 
hole. The bleeding can be controlled by applying digital pressure 
for 3 minutes against the pubic bone from below.

Once the tip of the delivery instrument has entered the dia-
phragm, move the delta wing handle so it is horizontal. This is 
another critical step, because the external iliac vessels may be only 
1.5 to 2 cm lateral to the exit point of the delivery instrument. 
The instrument can only move upward if the delta wing is hori-
zontal. No pressure is applied against the posterior part of sym-
physis pubis. Use fi ngertip pressure only to gently roll the tip of 
the instrument over the posterior surface of the pubic bone. This 
vastly reduces the incidence of bladder perforation. A resistance 
is met at the level of the rectus sheath. At this point, suffi cient 
pressure is applied to “pop through” the tip. The insert is left in 
situ, and the procedure is repeated on the contralateral side. With 
both inserts now in situ, the bladder is fi lled with 500 mL of 
saline, and a cystoscopy is performed. A volume of 500 mL is 
required to distend the bladder suffi ciently to ensure that there 
are no bladder folds obscuring the tape should perforation occur. 
Care is taken to search especially around the air bubble at the 11 
and 1 o’clock positions, the most common perforation sites.

If a nonelastic tape is used, a no. 7 Hegar dilator is inserted to 
splint the urethra, and the tapes are pulled up one by one. Suffi -
cient tension is exerted to ensure that the tape has no folds. At 
all times during this step, downward pressure is exerted on the 
dilator to minimize urethral constriction. At this point, the tape 
is directly inspected for excessive tightness. The tape should be 
touching the urethra without indenting it. If there is indentation, 
loosen the tape. The tape is left tension-free, and is not sutured 
in any way to the abdominal muscles.

If an elastic tape is used, a space should be left between the 
tape and the urethra to allow for postoperative retraction. 
Otherwise, the technique is similar.

Hammock Tightening
It is recommended that hammock tightening be performed 
with all the techniques described in this chapter. With a no. 18 
French Foley catheter in situ and using the tip of a short 
needle, the fascial tissue is fi rmly penetrated on both sides from 
the inside with a horizontal mattress suture so that the fascial 
tissue is brought toward the midline (see Fig. 40-9). It is essential 
to avoid contact with the tape during suturing. By taking 
the needle into the lower end of EUL, it is possible to tighten 
EUL and hammock using only one suture. If longer-term sutures 
are used, they need to be deeply anchored and cut onto the 
knot, otherwise they may surface and cause problems during 
intercourse.

External Urethral Ligament Shortening
It is recommended that EUL shortening be performed with all 
the techniques described here, if the EUL is loose. With a no. 18 
Foley catheter in situ, and using a 1-0 or 2-0 suture on a small 
needle, sutures are inserted into the ligament vaginal fascia, con-
tralateral EUL and tied. A stronger repair can be made by incising 
each EUL downward almost to the bone, inserting a 0.5-cm 
length of tape, and suturing the incision suffi ciently tightly to 
prevent its later extrusion. The EULs are not approximated with 
this technique.

Paraurethral Approach

The paraurethral approach was fi rst used in the Goebell-
Frangenheim-Stoeckel sling in the early 1900s. It allows a more 
anatomically accurate restoration in that the hammock can be 
reattached to the closure muscles (Fig. 40-10). It is especially 
indicated if the vaginal sulcus is shallow. It has built-in safety, 
because the direction of instrument insertion is always upward. 
Its disadvantages are that it requires two incisions. Also, a tunnel 
has to be made in the tissue between vaginal epithelium and 
urethra, something that may be diffi cult to accomplish in patients 
with a deep paraurethral sulcus.

Two full-thickness longitudinal incisions are made in the 
lateral vaginal sulcus, extending from just below the level of the 
external urethral meatus to the level of the mid-urethra (see Fig. 
40-10). A Foley catheter identifi es the bladder neck.

A suburethral tunnel (TU in Fig. 40-10) is created between 
vagina and urethra at the level of the mid-urethra. The tape is 
inserted into the tunnel and brought through the anterior 
abdominal wall with the delivery instrument. Cystoscopy is per-
formed. The tapes are pulled up one side at a time and adjusted 
for tension over a no. 7 Hegar dilator.

Transobturator Approach

The transobturator approach is not strictly anatomic, because 
the PULs descend vertically. The entry point is from the medial 
border of the obturator foramen, at the level of the clitoris. This 
anatomy explains instances of bladder perforation with this 
method, suggesting that it may be prudent to perform cysto-
scopic examination after placement of the tape. The tape is hori-
zontally disposed, so care needs to be taken that it sits at the 
mid-urethra. The transobturator approach avoids small bowel 
and major vessel perforation. Potential disadvantages are damage 
to the obturator nerve or vessels or to the urethra.

Figure 40-7 The mechanism of a “simulated operation.” The 
hemostat mimics the anchoring effect of a normal pubourethral 
ligament (PUL). This allows levator plate (LP) and longitudinal 
muscle of the anus (LMA) forces (arrows) to rotate and close the 
proximal urethra and the pubococcygeus muscle (PCM) to stretch 
the vaginal hammock (H) to close the distal urethra. The urethral 
cavity converts from the open position, O, to the closed position, 
C. PS, public symphysis.
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Suprapubic Approach

Anatomically, the suprapubic approach is similar to the midline 
vaginal approach, except that entry of the application instrument 
is from above downward.

Potential Intraoperative and Postoperative Problems of 
the Suburethral Tension-Free Tape Slings

It is emphasized that inserting a suburethral sling with a delivery 
instrument is a blind procedure. The small bowel in the prevesi-
cal pouch, the bladder, the external iliac vessels, and the obtura-
tor nerves and vessels all lie within 2 cm of the track taken by the 
instrument. Creating a hole in the pelvic diaphragm directly 
below the bone and orienting the delivery instrument so that it 
can move only upward greatly reduce (but do not eliminate) the 
possibility of major complications.

Diffi culty with Passage of the Delivery Instrument
Often, the subpubic ligaments are strong. Dissect a space with 
scissors. Avoid excessive pressure on the delta wing handle, 
because this may make the point dig into the soft cartilage of the 
symphysis and obstruct upward movement. Always ensure that 
the delta wing is horizontal on re-entry.

Retropubic Fibrosis from Previous Incontinence Surgery
Use dissecting scissors to create a plane of dissection between 
periosteum and scar tissue. Continue for 2.5 to 3 cm. This 
creates a plane between bone and scar tissue. If resistance 
continues, reinsert scissors and continue further dissection 
upward. Reinsert the delivery instrument. On rare occasions, it 
is only possible to insert one side of the sling. In such circum-
stances, attach the other side deep into the pubococcygeus 
muscles.

A

B

C

Figure 40-8 Transperineal sonogram showing simulated operation 
with bladder and urethra at rest (A), on straining (B), and after 
midurethral anchoring (arrow) with hemostat  (C). Note backward 
stretching of the anterior (a) and posterior (p) vaginal walls on 
straining and their apparent tensioning after midurethral anchoring. 
S = symphysis pubis.
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Scarring in the Rectus Sheath
Because of a previous abdominal operation, the surgeon may 
occasionally need to cut down onto the rectus sheath with a 
scalpel.

Bleeding
There are venous sinuses immediately below the pubic bone As 
soon as the tape has been inserted, apply digital pressure for 2 to 
3 minutes. If there is overt bleeding, insert a hemostatic gel along 
the tape from below and reapply digital pressure until the bleed-
ing ceases.

Bladder Perforation
Bladder perforation may occur in the superolateral surface, 
usually between 11 and 12 o’clock. If this occurs, remove the tape 
and reinsert it. Use a cystoscope with a sheath, and fi ll the bladder 
with 500 mL of fl uid. Sometimes, there is no bleeding with per-
foration. The only sign of perforation may be the fi nding of a low 
bladder volume at the end of the operation due to extraperitoneal 
loss. If bladder perforation is suspected and cannot be identifi ed, 
inject 1 ampoule of methylene blue into 100 to 200 mL of saline, 
fi ll the bladder, and look for suprapubic staining at the abdomi-
nal exit of tape.

Urethral Constriction by the Tape
Failure to pass any urine at all within 48 hours usually indicates 
a tape obstruction that needs to be surgically relieved. In the few 
cases that have occurred in my experience, microscopic loops 
were used to identify the shiny fi brils of the tape, which is always 
under tension. The tape retracts immediately when touched (cut) 

gently with a sharp blade. Constriction can generally be avoided 
by pressing downward against an intraurethral no. 7 Hegar 
dilator when tightening anon-elastic tape, or leaving a space if 
elastic.

Tape Rejection
This technology works by creating a foreign body reaction in the 
form of scar tissue to reinforce a damaged ligament. An excessive 
reaction is uncommon and may manifest as a purulent discharge. 
The pus is sterile and nonthreatening. A more common problem 
is tape slippage and surfacing into the vagina. This is also mostly 
benign, because the tape by that time is encased in a fi brous tissue 
cylinder. Almost invariably, the patient is afebrile, with a normal 
white blood cell count and a lack of bacterial growth on vaginal 
swabs.6 To remove a partly rejected (surfaced) tape, place scissors 
on each side of the extruded tape, press upward against the 
vagina, and cut the tape. If there is signifi cant infi ltration of tissue 
into the tape, a segment may need to be excised and the vagina 
sutured.

Tape Infection
A virulent organism such as streptococcus may cause a bacterial 
infection. Unlike a foreign body reaction, this is potentially 
serious, and the patient may present with pyrexia, swelling, and 
erythema at the site of the tape. Under no circumstances should 

Figure 40-9 Midline approach. The perspective is looking into the 
anterior vaginal wall. A midline incision is made. Hammock 
tightening supports the tape from below. A, external iliac artery; 
PCM, pubococcygeus muscle; U, ureter; V, external iliac vein.

Figure 40-10 Paraurethral approach. Paraurethral vaginal skin 
incisions are made. The tape is passed through a tunnel (TU) 
between the incisions. The perspective is looking directly into the 
vagina. PCM, anterior portion of pubococcygeus muscle.
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the sinus be excised, because attempts to do so may result in a 
pelvic abscess or even bacteremia. The best way to manage this 
complication is to take a swab and treat with antibiotics. Once 
the infection has settled, the tape should be removed in part or 
completely from the vagina. In the operating room, the sinus is 
located, and the tape is grasped and removed by pulling on it. An 
infected tape invariably just slips out. Intraoperative hematoma 
and obesity appear to be predisposing factors to infection, 
but the weave of the tape is not, because macrophages have 
been demonstrated to surround the fi brils as early as 2 weeks11 
(Fig. 40-11).

Subpubic Approach: A Promising Direct-Vision 
“Micro” Technique

Although minimal morbidity is the norm, all midurethral sling 
operations, without exception, have a potential for major, even 
fatal complications, such as small bowel injury, obturator nerve 
injury, and external iliac and obturator vessel injury.12 Oster-
gard12 attributed such complications to the blind nature of these 
procedures. The growing list of serious complications12 was the 
motivating factor behind the development of a safer delivery 
instrument, the tissue fi xation system (TFS). The TFS consists of 
a polypropylene tape with two soft tissue anchors at each end 
(Fig. 40-12).

The anchors sit inside a plastic saddle and are ejected 0.5 cm 
into the tissues below the pubic bone by a stainless steel applica-
tor. The TFS anchor works like a grappling hook, anchoring into 
the soft tissues below the pubic symphysis. The base of the anchor 
incorporates a one-way system for tightening of the tape. This is 
a crucial part of the TFS system, because muscle forces need an 
adequately fi rm ligament for the optimal contraction required to 
effect watertight urethral closure.

The TFS is performed under direct vision, so it avoids viscus, 
nerve, and major vessel injuries. It vastly decreases operating time 
(mean, 5 to 6 minutes). The operation is identical to the fi rst part 
of a midline midurethral sling operation. A full-thickness midline 
incision is made into the vagina from just below the external 
urethral meatus to the mid-urethra. The vagina is dissected off 
the urethra with dissecting scissors, and the dissection is carried 

Figure 40-11 Rat study at 2 weeks. Multifi lament fi brils (PP) are 
surrounded by macrophages (M). Figure 40-12 The tissue fi xation system (TFS). A, soft tissue anchor; 

T, tape.

down just below the pubic bone. The TFS applicator is placed 
into the space and triggered so that the TFS anchor enters the 
perineal membrane (Fig. 40-13). The procedure is repeated on 
the contralateral side. The tape is tensioned just suffi ciently for 
it to fi t snugly on the urethra without indenting it over an 18-
gauge Foley catheter. Both ends of the tape are cut 1.5 cm from 
the TFS anchor, and the hammock and EUL are tightened as 
described earlier. No cystoscopy is required. Intraoperative bleed-
ing is minimal.

Results (N = 35) at 9 months13 and at 3 years are promising 
>80% cure (Petros PEP and Richardson PA, unpublished data). 

Figure 40-13 Subpubic midurethral sling. The tape reinforces the 
pubourethral ligament, restoring contractility of all three muscle 
forces (arrows), so that the urethral tube is restored from the open 
(O) to the closed (C) position during effort. H, hammock; LMA, 
longitudinal muscle of the anus; LP, levator plate; PCM, 
pubococcygeus muscle; PS, pubic symphysis.
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All patients to date were discharged within 24 hours of surgery, 
with no postoperative urinary retention. No opiates were needed 
postoperatively for the anterior sling operations. No signifi cant 
complications were encountered. Surgical cure for both SUI and 
ISD was equivalent to that previously described for tension-free 
tape slings.2,9 The main potential disadvantage of the TFS is that 
the operation will not work unless the anchor grips into the target 
tissue. The cause of failure may be poor tissues or surgeon error 
in placement; both were encountered in the fi rst group of patients. 
Half of the sling was found surrounded by a granuloma in one 
patient, and the operation failed in another four patients without 
tape surfacing. The operation was successfully repeated in four 

of the fi ve patients. In another patient with a “frozen” retropubic 
space, subpubic anchoring was not possible, and the anchor 
required more lateral anchoring.

CONCLUSIONS

The importance of a midurethral sling for continence control is 
now well accepted. Future challenges are the application of less 
invasive methods, how to more accurately assess the other con-
nective tissue structures contributing to continence control, and 
how best to repair them.
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Chapter 41

DISTAL URETHRAL 
POLYPROPYLENE SLING
Nasim Zabihi, M. Grey Maher, and Larissa V. Rodríguez

The sling procedure, fi rst described in 1907 by Von Giordano, 
has been used for the treatment of female stress urinary inconti-
nence (SUI) for almost 100 years.1 This procedure was reintro-
duced in 1978 by McGuire and Lytton, who used autologous 
rectus fascia suspended under the bladder neck for the treatment 
of intrinsic sphincter defi ciency.2 In the past 25 years, a signifi cant 
number of surgical procedures have been devised for the treat-
ment of SUI, including multiple sling variations. A meta-analysis 
of various surgical techniques used in the treatment of SUI 
revealed that slings have similar durability to retropubic suspen-
sions and are more effi cacious than transvaginal suspensions and 
anterior repairs.3 In the past decade, slings have gained popu-
larity, because new surgical techniques, sling materials, and an-
choring methods have led to decreased surgical morbidity and 
convalescence time while providing good durability and ease of 
placement.

Given this widespread popularity, many new procedures, 
materials, and packaged kits have emerged. Most sling proce-
dures can be categorized by location of the sling (proximal 
urethra and bladder neck versus middle to distal urethra), choice 
of sling material (autologous graft, xenograft, cadaveric graft, or 
synthetic material), anchoring method, sling length, and degree 
of penetration into the retropubic space. This chapter discusses 
mid-distal urethral slings and describes the surgical technique 
and clinical outcomes of the distal urethral polypropylene sling 
(DUPS) procedure.

MID-DISTAL TO DISTAL SUBURETHRAL SLINGS

Slings were classically reserved for the treatment of SUI in the 
absence of urethral hypermobility. Although the exact mecha-
nism by which slings restore continence remains elusive, the 
introduction and success of the mid-distal to distal slings have 
expanded understanding of the urethral support and continence 
mechanism. Klutke and colleagues demonstrated that anatomic 
correction of bladder neck hypermobility was not necessary to 
cure SUI.4 The tension-free vaginal tape (TVT), introduced in 
1996, has been shown to be an effective treatment for SUI.4-18 
Studies have demonstrated the TVT procedure to be as effective 
as open colposuspension, with documented cure rates of 81% 
and an improvement rate of 94%.19 Given the success of the TVT 
and based on the same anatomic principle and mechanism of 
action, other procedures such as SPARC (American Medical 
Systems, USA), Safyre (Promedon, Argentina), SABRE (Mentor 
Corporation, USA), and the transobturator tape (TOT; Mentor), 
among others, have been described for the treatment of SUI. All 
of these procedures involve the placement of a synthetic sling at 
the level of the mid-distal to distal urethra and are available as 

commercially packaged kits that include placement needles or 
passers and prefabricated slings. The primary difference is the 
approach to placement (i.e., from the suprapubic area to the 
vagina or from the vagina to the suprapubic area), sling length, 
passage through the retropubic region or not, and variations in 
the hardware necessary for placement. The special equipment 
requirements along with the high cost of the packaged kits make 
it diffi cult to use these devices in many parts of the world. Addi-
tionally, many of these techniques are done blindly without fi nger 
guidance, which can lead to high rates of bladder perforation and 
rare but major complications such as bowel or major vessel inju-
ries resulting in severe morbidity.20-22

DUPS uses the same anatomic location and therapeutic prin-
ciples as the other mid-distal slings described mentioned earlier, 
and it has been shown to be effective in the treatment of SUI.23,24 
However, it has a lower risk of major injuries, because the sling 
is placed under tactile guidance through the retropubic space. 
The sling used is a 10 × 1 cm, short piece of soft, loosely woven 
mesh with large pores attached to absorbable sutures. Although 
the sutures traverse the retropubic space, the mesh itself traverses 
only 2 to 3 cm on each side into the retropubic space, because 
the presence of a small segment of mesh in the retropubic space 
is an important factor to cure SUI. Most of the other slings are 
self-fi xating to the abdominal wall or the obturator muscle; 
DUPS uses a short segment of mesh attached to absorbable 
sutures for temporary support of the mesh until it becomes 
incorporated. This avoids complications such as infection or 
inguinal pain secondary to nerve entrapment from the supra-
pubic fi xation while providing adequate attachment and fi xation 
to the retropubic space. Additionally, these mesh properties 
lessen the chance of complications such as mesh erosion into the 
urethra. DUPS is a simple, quick, and inexpensive procedure 
with a lower risk of major complications compared with other 
slings.

SURGICAL TECHNIQUE

The patient is placed in high dorsal lithotomy position. The lower 
abdomen and genitalia are prepared and draped in sterile fashion, 
the labia are retracted laterally with stay sutures, and the bladder 
is emptied with a 16-Fr urethral Foley catheter. A weighted 
vaginal speculum is used for exposure. An Allis clamp is used to 
grasp the anterior vaginal wall just proximal to the meatus. Two 
oblique lateral incisions are made in the anterior vaginal wall 
(Fig. 41-1). Another Allis clamp is placed at the distal end of each 
of the oblique incisions, and the dissection is carried out laterally 
over the glistening periurethral fascia toward the ipsilateral 
shoulder. The retropubic space is entered at the level of the mid-
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distal to distal urethra, using curved scissors directed parallel to 
the urethra just under the pubic bone (Fig. 41-2).

A fi ne right angle clamp is then used to create a suburethral 
tunnel in the anterior vaginal wall, 1.5 cm from the urethral 
meatus (Fig. 41-3). The sling, which is a 1 × 10 cm, thinly woven, 
soft polypropylene (Ethicon, Inc., NJ) mesh with 1-0 polyglactin 
(Vicryl) sutures placed at each end, is then transferred under-
neath the suburethral tunnel (Fig. 41-4). The next step is to 
transfer the ligature attached to the sling through the retropubic 
space.

One fi ngerbreadth cephalad to the symphysis pubis, a small 
puncture wound is made with a no. 15 scalpel. A double-pronged 
needle (Cook Urological, Spencer, IN) is passed under fi nger 
guidance through the fascia and retropubic space to the level of 
the oblique vaginal incision (Fig. 41-5). This prevents vascular 
and bowel injuries, because the needle is transferred under direct 
control just posterior to the pubic bone. The polyglactin sutures 
previously placed at the edge of the soft polypropylene mesh are 
transferred to the suprapubic incision. This maneuver is done 
bilaterally, and cystoscopy is performed to rule out bladder or 
urethral perforations.

To ensure a tension-free sling, one Allis clamp is placed 
through each vaginal incision, and the mesh is grasped and held 
fi rmly in the horizontal plane (Fig. 41-6) while the assistant ties 

the polyglactin sutures suprapubically, 1 mm below the skin level 
and not immediately above the fascia. The vaginal incisions are 
closed with 3-0 polyglactin running stitch, and the suprapubic 
puncture wound is closed with a with 4-0 polyglactin subcuticu-
lar stitch. A vaginal pack and dressing are applied.

In the recovery room, 2 hours after the procedure, the vaginal 
pack and the Foley catheter are removed and the patient is dis-
charged home. If the surgeon prefers to keep the bladder drained, 
the patient can be sent home with the urethral catheter, or a 
suprapubic tube (SPT) can be placed at the beginning of the case. 
We place an SPT only if concomitant extensive vaginal recon-
struction or hysterectomy has been performed. If a suprapubic 
tube is left in place, it is capped before discharge, and the patient 
is instructed to record her postvoid residuals; it is removed once 
the residuals are less than 50 mL.

SURGICAL OUTCOMES

A total of 840 patients have undergone the DUPS procedure 
at the University of California, Los Angeles Medical Center. 
The procedure is durable with equivalent 1-year and 5-year 
outcomes.24,25 The original cohort, which included 69 patients, 
was monitored for 5 years. This cohort represented a complex 

Figure 41-1 Two oblique lateral incisions are made in the anterior 
vaginal wall.

Figure 41-2 The retropubic space is entered at the level of the mid 
to distal urethra using curved scissors.
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Figure 41-3 Suburethral tunnel is created in the anterior vaginal 
wall using a fi ne tipped right angle clamp.

Figure 41-4 The mesh is transferred under the previously created 
tunnel.
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Figure 41-5 A double-pronged needle is passed under fi nger 
guidance from the suprapubic stab wound, through the retropubic 
space, to the level of the oblique vaginal incision.

Figure 41-6 Allis clamps are used to hold the sling in the horizontal 
plane.

group of patients, as expected in a tertiary referral center: 
52% percent had prior failed anti-incontinence therapy, 36% 
underwent concomitant prolapse surgery, and 54% suffered 
from mixed urinary incontinence. There were no intraoperative 
complications.

To report their outcomes, the authors used patient self-
assessment questionnaires to eliminate physician bias, because 
studies have shown that evaluation of treatment outcomes using 
patient self-assessment tools demonstrates lower cure rates com-
pared with physician assessments and that objective cure rates 
and clinical outcomes do not always translate to patient satisfac-
tion.26-29 Patients completed a symptom questionnaire and the 
short form of the Urogenital Distress Inventory (UDI-6).30,31 
They also answered a global quality-of-life question related to 
urinary symptoms and recorded the quantity of pads used per 
day. Seventy-two percent of the patients denied any symptoms, 

74% denied any bother from SUI, and 93% reported that they 
had SUI less than once per week and were rarely bothered 
by symptoms of SUI. The average pad usage decreased by 74% 
(P < .05), and 56% reported wearing no pads at all. Patients, on 
average, reported a symptom improvement of 81% after surgery, 
and 62% of patients reported a 90% or greater improvement. 
At a minimum follow-up of 5 years, none of the patients had 
permanent retention or had undergone removal of the sling 
material for pain, infection, or mesh erosion.32

A multicenter randomized trial documented objective cure 
rates of 63% for TVT and 51% for colposuspension.33 The cure 
rates of DUPS at 72% are similar but slightly better than those of 
other sling procedures when the assessment is done by subjective, 
patient-driven questionnaires.33,34

CONCLUSIONS

The DUPS is an effective, safe, simple and inexpensive procedure 
for the treatment of SUI. It offers effective therapy while elimi-
nating the prohibitive cost and equipment requirements associ-
ated with the use of other prepackaged slings.
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Chapter 42

THE SPARC SLING SYSTEM
David R. Staskin and Renuka Tyagi

The SPARC Sling System (American Medical Systems, Min-
netonka, MN) is a minimally invasive pubovaginal sling pro-
cedure using a loosely knitted, self-fi xating, 1-cm wide, 4-0 
polypropylene mesh, which is placed at the level of the mid-
urethra by passing the suspension needle via a suprapubic-to-
vaginal approach.1-3 The placement of pubovaginal slings in the 
treatment of genuine stress urinary incontinence has historically 
been effective, with excellent long-term outcomes.4 This varia-
tion of surgical technique results from the drive to decrease surgi-
cal morbidity associated with autologous fascia harvesting; it also 

minimizes the risk of intraoperative complications from mini-
mally invasive sling placement without affecting surgical out-
comes (Fig. 42-1).5-12

MECHANISM OF ACTION

Continence results from multiple factors: resting urethral tone, 
active sphincter contraction, external compression, pressure 
transmission, and integrity of anatomic confi guration. The 

435
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Figure 42-1 (A) Suspension needles: disposable ergonomic, 0.118 inches diameter, 8.2 inches long, and noncutting. (B) Connector-dilators: 
create the sling tract and enable the suspension needles to be of small diameter, minimizing trauma; do not require sling attachment and 
tract formation until the needle position has been confi rmed; permit untwisting of the mesh after attachment. (C) Mesh sling: biocompatible 
4-0 loosely knitted polypropylene. (D) Plastic sheath: permits smooth placement of self-fi xating mesh.
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success of midurethral sling techniques has prompted a re-
evaluation of the pathophysiology of genuine stress urinary 
incontinence and the paradigm for its surgical correction. The 
mechanism of action for midurethral slings is presumed to be 
mimicking of the support provided by the pubourethral liga-
ments and suburethral fascial support.13

The importance of urethral stabilization from rotational 
motion has generally been accepted and was introduced as the 
“integral theory” based on data collected during radiologic evalu-
ation of micturition.14 This correlated with structures docu-
mented on anatomic dissection and was dubbed an “anatomic 
hammock.”15 The importance of urethral confi guration suggests 
that midurethral support prevents separation of the posterior 
urethral wall from the anterior urethral wall during rotational 
motion around the inferior portion of the pubic ramus, which 
appears integral to continence.16 Suburethral support and stabil-
ity, in conjunction with urethral coaptation, appears to be the 
critical factor in the restoration of continence, and elevation of 
the bladder neck may no longer be a prerequisite.

SURGICAL TECHNIQUE

Positioning

A standard or modifi ed lithotomy position may be elected based 
on surgical preference and concomitant procedures, with a 
supine pelvis-inclined (Trendelenburg) position recommended. 
Adequate distal vaginal exposure for a 1.5-cm midurethral inci-
sion is required; however, vaginal retraction sutures or a complex 
retractor is usually not required for sling placement alone. A 
weighted speculum and placement of a Foley catheter (14 to 
18 Fr) through the urethra to completely drain the bladder 
is preferred.

Anesthesia

Anesthesia may be selected according to patient and surgeon 
preference and may include any of the following: general, regional, 
or local anesthesia with/without intravenous sedation. If a local 
anesthetic is elected, it should be noted that the primary source 
of discomfort for the patient is contact with the periosteum of 
the pubic bone during needle passage. Local injections should 
include two approaches: the abdominal surface, with local anes-
thesia of the abdominal skin, rectus fascia, and muscle; and a 
paravaginal approach, to anesthetize the inferior border of the 
pubic ramus.

Incisions

Two parallel, 15-blade stab incisions are made above the pubic 
symphysis 1.5 cm from the midline (3 cm apart). The surgeon 
should avoid incisions lateral to this area to keep away from the 
ilioinguinal nerve exiting from the external ring (Fig. 42-2).

Next, the bladder neck should be identifi ed, the submeatal 
fold may be elevated using an Allis clamp, and a midline incision 
is performed through the vaginal mucosa over the mid-urethra. 
This incision, centered over the mid-urethra, may vary between 
1.5 and 3 cm (Fig. 42-3). If the procedure is performed without 
local anesthetic, a saline injection at the level of the mid-urethra, 
extending laterally, may be elected to aid in development of the 
plane of dissection between the vaginal epithelium and the peri-

urethral fascia. Metzenbaum scissors are used to create a sub-
mucosal tunnel to the inferior border of the pubic ramus at the 
level of the mid-urethra bilaterally. The tunnels may be narrow 
enough for just the needle and connector dilator to traverse the 
distance, or they may be wide enough to accommodate insertion 
of a fi ngertip. With the “narrow tunnel” approach, the fi ngertip 
is placed in the paravaginal fornix, outside the incision, in order 
to palpate needle perforation through the endopelvic fascia 
(recommended).

Figure 42-2 Suprapubic transverse stab incisions placed 1.5 cm 
from the midline at the upper margin of the pubic symphysis.

Figure 42-3 The vaginal mucosal incision is placed at the level of 
the mid-urethra, as demonstrated in this image by the “starburst” 
marks over the urethral meatus and bladder neck. The incision may 
vary in total length between 1.5 and 3 cm.
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Needle Passage

Effective needle passage is divided into two phases: entrance into 
and traversing of the retropubic space fi rst, followed by perfora-
tion of the endopelvic and periurethral fascia. Needle passage 
may be described in fi ve steps:

1. Approach to the anterior surface of pubic symphysis: Holding 
the needle itself with the fi ngertips of both hands, pass the 
needle from the stab incisions above the pubic symphysis 
directly down on the bone. During this maneuver, the needle 
handle is pointed toward the surgeon (Fig. 42-4).

2. Perforation of the rectus fascia and rotation around the superior 
surface of the pubic symphysis: Slide the tip of the needle along 
the superior surface of the bone and then direct it downward 
to perforate the rectus fascia and muscle. Grasping the needle 
itself near the end with the fi ngertips rather than the handle 
permits more control of the straight portion of the curved 
needle. After fascial perforation, the needle handle should 
rotate to 90 degrees (up toward the ceiling) as the needle is 
advanced, to keep the tip of the needle on the posterior surface 
of the pubic bone (Fig. 42-5).

3. Traversing the retropubic space: Guide the needle inferiorly, 
with the handle rotated 10 degrees medially—“walking down-
ward along the bone,” again with the fi ngertips, until the 
endopelvic fascia is encountered (Fig. 42-6).

4. Palpation of the needletip at the endopelvic fascia: Grasp the 
handle of the needle; palpate the needletip with the alternate 
index fi nger beneath the vaginal wall and guide it to the 
desired point of perforation. Locate the needlepoint beneath 
the vaginal wall with the fi nger and guide it to the perforation 
point. The perforation point is as lateral as possible against 
the inferior border of the pubic ramus, at the level of the mid-
urethra (Fig. 42-7).

5. Perforation of the endopelvic/periurethral fascia and exposure of 
the needletip through the vaginal incision: To perforate the 
fascia, push the needle through the endopelvic and periure-

thral fascia without placing the fi nger within the vaginal inci-
sion (recommended) or by placing a fi ngertip in the incision. 
Once the needle perforates the fascia and can be felt beneath 
the epithelial layer, it can be guided through the dissected 
tunnel. Be sure the needle has perforated the fascia before 
directing it medially. If necessary, allow needlepoint perfora-
tion of the vaginal epithelium, withdraw the needle, and then 
guide it out of the incision. Failure to completely perforate the 
fascia before medial direction of the needle out of the incision 
decreases the distance between the perforation point and the 
urethra (Fig. 42-8).

The following guidelines are suggested to avoid intraoperative 
complications during needle passage.

1. To avoid perforation of the bladder, keep the tip of the needle 
on the superior, then posterior portion of the symphysis pubis 
at all times.

2. To avoid urethral trauma, pass the needle directly against the 
surface of the inferior portion of the pubic ramus at the level 
of the mid-urethra onto the lateral tip of the index fi nger, 
while deviating the urethral catheter medially with the supe-
rior surface of the fi nger.

3. Major vessel injury should be avoided by adhering to the 
surface of the pubic bone. The inferior epigastric artery and 
vein and the endopelvic veins are subject to inadvertent 
trauma with any needle passage. The iliac and obturator veins 
are not in the direction of needle passage or the force vector 
of perforation with suprapubic needle passage, in contrast to 
the situation with periurethral fascia or endopelvic fascia per-
foration from the vaginal approach.

4. Small and large bowel injury should similarly be avoided by 
maintaining the needletip against the pubic bone during 
passage. Bowel should not be adherent to the pubic bone 
except in the case of prior abdominal surgery that entered the 
retropubic space or the presence of a lower abdominal inci-
sional or inguinal hernia.

Figure 42-4 Initial placement of the SPARC needle through the 
suprapubic incision directly onto the pubic symphysis with the 
handle directed toward the surgeon. Throughout passage of 
the needle, the surgeon’s hands remain on the needle shaft, 
and the needle handle is used only as a visual reference point.

Figure 42-5 Perforation of the rectus fascia above the pubic 
symphysis by the needle is followed by immediate 90-degree 
rotation of the needle. The handle of the needle is now directed 
toward the ceiling, and the needle is advanced along the posterior 
surface of the pubic bone.
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Cystoscopy

After both needles have been passed, cystoscopy is performed 
with a minimum of 350 mL in the bladder to ensure that the 
needles are not in a bladder fold or “mucosal pinch.” Needle 
perforation, if present, is often noted at 10 or 2 o’clock near the 
bladder neck, and additional care should be taken to view the 
urethra on scope insertion and/or removal. The bladder may be 
left distended on removal of the scope.

Sling Attachment and Transfer

Sling attachment and transfer is performed as follows:

1. The plastic sheath containing the sling material may be irri-
gated with sterile saline or water before attachment to aid in 
smooth removal of the plastic.

2. The sling is positioned for attachment to the needles by 
facing the markings toward the surgeon. The center of the 
sling is clearly marked with arrows radiating from the center 
(Fig. 42-9).

3. The connectors are attached to the needletips using gentle 
pressure until a “snap” is felt and heard.

4. The surgeon confi rms that the sling is correctly positioned fl at 
and with the markings on the outside of the mesh. The con-
nectors can be twisted on the needletips to adjust the sling 
position.

5. The needles are directed into the retropubic space by placing 
the index fi nger at the tip of the connector and pushing the 
connector-needle up into the retropubic space. This “pushing” 
maneuver minimizes disruption of the periurethral and endo-
pelvic fascia. The surgeon should avoid pulling the handle of 
the needle until the white connector has been “pushed” back 
into the retropubic space through the endopelvic fascia.

BA C

Figure 42-6 Retropubic advancement of the needle is performed with the needletip against the posterior surface of the pubic bone and the 
handle rotated 10 degrees medially. The needle is advanced inferiorly until the tip is palpable with a fi nger in the vagina.
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6. The needle handle is used to complete retrograde removal 
of the suspension needle. Gentle traction on the needle at 
the level of the skin permits complete needle removal with 
minimal dilation at the skin level. The sling is pulled through 
the skin incision for several centimeters on each side.

7. Before adjusting sling tension, the plastic sheath should be 
re-examined at the vaginal incision for leakage from the 

Angle handle
cranially

45°

Figure 42-7 Perforation of the endopelvic fascia under guidance of the fi nger in the vagina. The needletip is palpated with a fi nger in the 
vagina that is concurrently displacing the urethra medially. The needle is positioned on the lateral edge of the fi nger and then advanced 
through the endopelvic/periurethral fascia.

bladder. If there is any suspicion of leakage, a repeat cystos-
copy should be performed. If the sling is identifi ed within 
the bladder, it should be cut closely below the white dilator-
connector, withdrawn within the plastic sheath, and reposi-
tioned with an alternative “free suspension needle” by 
suturing the plastic to the needletip. The Foley catheter is 
now replaced for drainage of the bladder.
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Sling Tensioning and Fixation

The sling tension is adjusted by pulling the sling up through the 
suprapubic incisions against a spacer placed in the vaginal loop, 
or, based on individual surgeon preference, against a large scissor 
or dilator (e.g., no. 8 Hagar). Optimal sling tension is demon-
strated when slight movement of the instrument within the mesh 
loop initially occurs.

The sling and plastic sheath are cut at the level of the “blue 
dots” below the dilator-connectors (Fig. 42-10). Hemostats are 
placed on each of the cut plastic sheaths, using care to avoid the 
mesh (Fig. 42-11). The suburethral spacer is stabilized with one 
hand as the plastic sheath on each side is removed with the other. 
The mesh is then cut below the skin level, with gentle traction on 
the ends to allow retraction of the mesh beneath the skin level 
(Fig. 42-12).

Closure

Steri-Strips are applied to the suprapubic incisions, and the 
vaginal incision is closed using a running 2-0 absorbable 
suture.

Figure 42-8 Vaginal exposure of the needletip. The needles are 
guided through the previously dissected submucosal tunnels and 
out the vaginal incision, either with a fi ngertip within the tunnel or 
with palpation through the mucosa.

Figure 42-9 Sling attachment. The sling connectors are positioned adjacent to the needletip with the sling markings adjacent to the 
connector and in the center of the sling facing toward the surgeon. Gentle pressure is applied to the connectors until they “snap” onto the 
needletips.
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CONCOMITANT PROCEDURES

If additional pelvic organ prolapse repair procedures are planned, 
apical and anterior vaginal repairs may be completed before 
placement of the SPARC sling. In particular, if a cystocele repair 
is planned, it should be performed with repair of the bladder base 
but not the bladder neck area. A Kelly repair is not recommended, 
because it may elevate bladder neck support and may disrupt the 
pressure transmission to the mid-urethra by altering bladder 
neck motion with reference to the sling. In addition, use of a 
separate incision, if possible, for placement of the SPARC sling 
avoids extension of a hematoma or drainage from the cystocele 
repair and prevents resultant disruption of the incision over the 
sling.

POSTOPERATIVE CARE

The patient is sent to the recovery room with a Foley catheter 
in place. It is important, especially after an epidural or spinal 
anesthesia, that the patient be fully ambulatory and free of any 
residual anesthetic before the voiding trial, to avoid iatrogenic 
anesthetic retention.

The active voiding trial is performed as follows:

1. Fill the bladder via the Foley catheter to 300 mL or until full, 
and remove the catheter.

2. Measure the void. A void of greater than 200 mL (two-thirds 
of capacity) or a residual measured by ultrasound of less than 
100 mL (one-third of capacity) is considered adequate for 
discharge.

3. If the residual is greater than 100 mL, the patient is rechecked 
after an additional void. The patient may be discharged with 
a leg bag and the voiding trial repeated in the offi ce the next 
day.

Managing Postoperative Retention

The SPARC procedure results in placement of the sling below the 
mid-urethra with no tension and minimal disruption of normal 
proximal urethral mobility. This change in sling placement has 
resulted in a substantial decrease in urinary retention, similar to 
other minimally invasive pubovaginal slings.17

Figure 42-10 Cutting of the plastic sheath. The plastic sheath and 
sling material are cut below the blue dots to allow for removal of 
the sheath.

Figure 42-11 Sheath removal. Hemostats grasp the plastic sheath 
alone and are used to remove the sheath. The spacer should be 
stabilized as the plastic is removed.

Ch042-X2339.indd   441 1/31/2008   2:36:43 PM



442 Section 5 STRESS INCONTINENCE

Figure 42-12 Excess mesh is cut below skin level at the suprapubic 
incisions. Gentle traction on the mesh allows the ends to retract 
beneath the skin.

Loosening of the SPARC sling may be initiated intraopera-
tively if the sling is tensioned too tightly during removal of the 
plastic sheath, or postoperatively if the patient presents with 
urinary retention or symptomatic impaired voiding. The ten-
sioning suture within the sling mesh provides a restraint to sling 
stretching during loosening of the sling tension. The sling can be 

loosened by placing a right angle beneath the sling and then 
pulling the sling down with a right angle clamp or with a 1-0 
Prolene suture that has been placed around the sling. Postopera-
tive sling adjustment should done within 2 to 3 weeks after 
implantation, because local tissue in-growth and biodegradation 
of the tensioning suture soon begin to affect the ability to “move” 
the sling. Pulling on the sling will result in a “pop” and slight 
patient discomfort at the suprapubic site, indicating that the sling 
has moved at the rectus fascia layer.

Late postoperative retention that does not improve with con-
servative management or early adjustment of sling tensioning 
may be addressed with urethrolysis. A midline urethrolysis may 
be performed if there has been no signifi cant tissue in-growth 
into the sling. If signifi cant in-growth exists, a lateral approach is 
recommended to avoid urethral injury. After identifi cation of the 
sling, a nerve hook or right angle clamp may be used to mobilize 
the sling and hold it on tension. The sling may be transected with 
scissors, after which the sling tension is adjusted.

Managing Postoperative Sling Extrusion

The disadvantages of synthetic mesh graft includes the risks of 
infection, rejection, extrusion, and erosion. Erosion should refer 
to the entrance (or placement) of the sling within the urinary 
tract (the bladder or urethra), whereas extrusion refers to the 
migration or exposure of the sling material into the vagina. 
Extrusion of sling mesh into the vagina can be managed imme-
diately in the postoperative period by thorough antibiotic irriga-
tion and wound closure. Delayed closure may involve mobilization 
of the vaginal edges. Observation and conservative management 
until the vaginal wall completely heals over the sling mesh 
may be elected for late extrusion. If the vaginal wall heals 
“through the mesh,” the exposed portion of the mesh should be 
excised, with the vaginal wall closed primarily or left to heal 
secondarily.

Complication rates with artifi cial materials may be under-
reported, because erosion can occur relatively late, at 1 to 4 years 
postoperatively. In fact, the American Urological Association 
Female Stress Urinary Incontinence Clinical Guidelines Panel 
recommended 5-year follow-up as a true test of time for such 
continence procedures. Initial success with a novel graft material 
must therefore be judged cautiously until long-term results are 
available. Given the fact that the midurethral polypropylene 
slings are made of loosely knitted mesh and are placed under no 
tension, the incidence of signifi cant problems appears to be lower 
than previously anticipated, in the region of 1% to 6%.17-18
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Chapter 43

PERCUTANEOUS VAGINAL TAPE 
SLING PROCEDURE
Sandip P. Vasavada and Raymond R. Rackley

The classifi cation of stress urinary incontinence (SUI) has evolved 
from fundamental anatomic fi ndings to a more physiologic 
description of urinary leakage secondary to increases in abdomi-
nal pressure. Although considered by some as controversial, 
intrinsic sphincter defi ciency (ISD) often coexists in the setting 
of urethral hypermobility. Conventional management has largely 
been with bladder neck sling placement. Recent changes to the 
etiologies of SUI have led to changes in these beliefs.1 Currently, 
it appears that the degree of ISD and the degree of anatomic dis-
placement of urethral support determine the fundamental basis 
for selection of surgical treatment options.

There exists a strong interest in maintaining a simple, effec-
tive, and minimally invasive approach to the management of SUI 
that may, in fact, address almost all types of incontinence. To this 
end, the tension-free vaginal tape (TVT; Gynecare, Johnson & 
Johnson, Somerville, NJ) was devised in the mid 1990s as an 
alternative to other synthetic and biological mesh placements 
suburethrally. Data that are now becoming available reveal that 
success (depending on how measured) is quite good and 
durable.2-4 Accordingly, the advent of the TVT procedure and its 
accordant success has yielded the development of the percutan-
eous vaginal tape (PVT), which allows placement of a synthetic 
polypropylene mesh tape suburethrally in an antegrade fashion.5 
The technique is similar to TVT in that it places a synthetic sling 
below the mid-urethra in a tension-free fashion, but it uses the 
widely available generic polypropylene mesh and Stamey needle 
passers for antegrade passage. The mesh itself can be tailored to 
size, offering the surgeon fl exibility in the management of more 
severe types of incontinence or complex situations or anatomy.

This chapter describes the methods used for successful sling 
placement at the level of the mid-urethra of a synthetic tape in 
an antegrade fashion (PVT, using a percutaneous ligature carrier). 
This technique allows the surgeon an opportunity to reliably cure 
SUI without the signifi cant added costs that other commercially 
available devices may have. This technique has recently been 
studied in a noninferiority testing fashion and compared with the 
“gold standard” midurethral mesh sling, the TVT.

PATIENT SELECTION

When the procedure for TVT was introduced, all female patients 
with SUI who had maximized their nonsurgical treatment were 
considered candidates for this procedure.2,3 As with all anti-
incontinence procedures, relative contraindications included 
an active urinary tract infection and anticoagulation therapy. 
Although no procedure is 100% effective, recent studies on the 
outcomes of patients undergoing the TVT procedure provide an 
opportunity to make some basic selection criteria for ensuring a 

high rate of successful outcomes.2-4 As described in the following 
paragraphs, there may be potential patient selection limitations 
for midurethral slings that are not inherent in the traditional 
pubovaginal sling placed at the proximal urethra and bladder 
neck.

In general, moderate to severe obesity is not a contraindica-
tion; obese patients appear to have minimal operative and post-
operative complications with the TVT procedure.6 Successful 
outcomes are achieved when the TVT procedure is performed in 
patients undergoing concomitant pelvic organ prolapse repairs. 
Major complications of vascular injury and bowel injury leading 
to death are unique to the TVT procedure as secondary conse-
quences of blindly passing large trocars in a retrograde, retropu-
bic fashion. Although major vascular bleeding and possibly bowel 
injuries have been rarely reported with other anti-incontinence 
procedures, the inability to reliably prevent these complications 
from occurring at all has been the major reason for surgeons’ 
opting to place the midurethral sling using small, percutaneous 
ligature carriers in an antegrade, retropubic fashion.5,7 By this 
method, the ligature carrier can be safely guided along the pos-
terior aspect of the symphysis pubis, thereby decreasing risks for 
vascular or bowel injury.

Because the sling material for PVT and TVT are placed at the 
mid-urethra, continence is provided by midurethral kinking or 
“knee kinking” of the urethra during active movement of the 
urethra with Valsalva or stress maneuvers. This has several 
important implications in regard to patient selection. First, 
although several reports have shown that correction of the hyper-
mobile proximal urethra and bladder neck demonstrated by 
magnetic resonance imaging (MRI) and Q-tip testing is not 
required for a successful outcome, successful outcome appears to 
be dependent on a hypermobile urethra that induces ISD.8 The 
midurethral placement of the sling is at the fulcrum of the mobile 
urethra and does not affect displacement of the urethra and 
bladder neck as defi ned by Q-tip testing. However, for the 
sling to provide a continence mechanism, the urethra must be 
actively “bent” over the midurethral sling, in order to prevent 
urinary leakage during stress maneuvers. Therefore, patients 
with a mobile urethra demonstrating signifi cant hypermobility 
(>30 degrees) with SUI in the absence of a bladder contraction 
would seemingly have the highest probability for a successful 
outcome.

Alternatively, patients with severe ISD at rest with or without 
hypermobility are more likely to have less favorable outcomes. 
Severe ISD is indicative of an open bladder neck at rest and is not 
affected by a midurethral sling that is placed tension-free without 
causing an increase in urethral resistance at rest. Even in cases of 
severe ISD and a hypermobile urethra, leakage may occur with 
an open bladder neck before any urethral movement begins to 
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provide coaptation by “kinking” of the midurethral sling. No 
prospective reports have been published on preoperative leak 
point pressures before TVT placement and postoperative leak 
point pressures on failed cases of TVT.

OPERATIVE TECHNIQUE OF PERCUTANEOUS 
VAGINAL TAPE PLACEMENT

Midurethral Sling

Obtain vaginal exposure via the dorsal lithotomy position. Use a 
marking pen to draw the abdominal percutaneous puncture and 
midurethral vaginal wall incision sites. Place a 16-Fr urethral 
catheter into the bladder (Fig. 43-1).

Vaginal Incision
Use a scalpel to make a midline anterior vaginal wall incision at 
the level of the mid-urethra. Develop a pocket of space at the level 
of the mid-urethra between the vaginal wall and underlying ure-
thral and paraurethral tissue by dissecting the vaginal wall tissue 
off laterally with the curved Mayo scissors from the 1.5- to 2.0-cm 
midline incision to the lateral anterior vaginal sulcus. No true 
entry into the retropubic space is required (Fig. 43-2). When the 
pocket of space is completed laterally to the junction of the infe-
rior aspect of the pubic ramus and the urethropelvic complex 

(Fig. 43-3), one can proceed with antegrade passage of the needle 
carrier.

Before the percutaneous ligature carrier is passed (Fig. 43-4), 
the bladder should be emptied of all fl uid. The patient’s position 
on the operating table should result in placement of the symphy-
sis pubis in a near-vertical plane; this usually means keeping the 
patient’s torso and head in a level horizontal position or slightly 
in a Trendelenburg position.

Small (5 mm) puncture sites using the no. 15 scalpel blade 
through the abdominal skin overlying the top of symphysis 
should be made on either side of a fi nger placed in the midline. 
This maneuver allows easier manipulation of the ligature carrier 
for the antegrade approach by avoiding any resistance at the skin 
level. It also provides a visual location for avoiding perforation 
of the skin and rectus fascia too laterally for both approaches, 
which could lead to the reported complication of ilioinguinal 
nerve or inferior epigastric vascular damage. Attention to staying 
on the posterior or back side of the symphysis is required to 
prevent entering the rectus muscle and fascia too far cephalad 
from its insertion on the symphysis. Furthermore, passage ante-
rior to the symphysis is not recommended at the present time 
with this approach. By taking the time to create the pocket of 
space at the level of the mid-urethra and to identify the correct 
anatomic structures (urethra medially, arcus tendineous levator 
ani laterally, and the inferior aspect of the pubic ramus and 

Figure 43-1 Marking of a midline anterior vaginal wall incision over 
the mid-urethra. (Courtesy of the Cleveland Clinic Foundation, 
copyright 2002.)

Figure 43-2 Development of a suburethral anterior vaginal wall 
pocket. (Courtesy of the Cleveland Clinic Foundation, copyright 
2002.)
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urethropelvic complex anteriorly), one facilitates the safest move-
ment of the Stamey needles in a vertical direction that minimizes 
the likelihood of urethral or bladder injury.

When using the percutaneous ligature carrier, we fashion the 
free sling from a large sheet of polypropylene mesh (PML, 
Ethicon, Somerville, NJ) to approximately the same size as 
supplied in the TVT kit (1.2 mm wide by 30 cm long). Using 
1-0 Ethibond suture, we simply weave suspending sutures into 
each end of the Prolene sling for placement into the ligature 
carrier.

Cystoscopy is performed to inspect for foreign body material 
within the urinary tract, and it is best to do this inspection when 
the ligature carrier for PVT is still within the retropubic space. 
Inspection must take place with a full bladder and use of the 30- 
and 70-degree lenses. If the ligature carrier has been placed 
through the bladder, simply extract the device and try again. No 
further precautions need be taken postoperatively in cases of 
bladder entry, as long as the entry is recognized and corrected. 
Unlike bladder perforations, trocar injury of the urethra rarely 
occurs. It is not advisable to proceed with placement of a syn-
thetic graft next to a healing urethral injury with limited sur-
rounding intervening tissues, because doing so might result in 
erosion and infection of the graft material. Instead, terminate the 
procedure and return at a later date to repeat the surgery.

Positioning the Sling
After completion of the procedure on both sides, the next step is 
to set the midurethral sling to stabilize, not suspend, the urethra. 
The sutures placed into the sling are passed into the Stamey 
needle passer, and the sling and sutures are transferred into the 
retropubic position. Although the tension-free vaginal tape con-
tains no surrounding plastic sheath, it is easily manipulated 
through the surrounding tissues and can be set into place 
(Figs. 43-5 and 43-6).

Figure 43-3 Suburethral pocket opened to confl uence of 
endopelvic and periurethral fascia. (Courtesy of the Cleveland Clinic 
Foundation, copyright 2002.)

Figure 43-4 Antegrade passage 
of a ligature carrier through the 
retropubic space in a percutaneous 
vaginal tape procedure. (Courtesy 
of the Cleveland Clinic Foundation, 
copyright 2002.)
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We prefer to place the tips of the curved Mayo scissor between 
the urethra and the sling to ensure ample looseness of the sling 
material. We have not found the intraoperative cough/stress test 
for determination of sling tension useful in patients undergoing 
the PVT, because many patients with documented SUI never leak 
in the supine or lithotomy position. Therefore, we typically verify 
that the sling is “tension free” with the placement of open Mayo 
scissors or a Kelly clamp between the sling and the periurethral 
tissue.

Once proper positioning of the sling is achieved, the remain-
ing excess sling material at the abdominal skin site for the PVT 
is cut below the level of the skin. The vaginal incision site is irri-
gated with copious amounts of an antibiotic or iodine solution, 
and the incision closed with a running absorbable suture. The 
skin edges of the abdominal puncture site are approximated with 
skin adhesive closures. A vaginal pack and urethral catheter are 
placed for patients remaining in the hospital overnight; other-
wise, the bladder is drained and a urethral catheter and vaginal 
pack are not usually placed in patients planned for same-day 
discharge from the recovery room.

POSTOPERATIVE CARE

Many surgeons who perform the TVT or PVT procedure with 
the patient under local anesthesia and sedation without con-
comitant prolapse repairs have opted to send patients home 
the same day without a catheter if a voiding trial is successfully 
completed. If the patient cannot void immediately after the 
procedure in the recovery room or the bladder was perforated 
during the procedure, catheter drainage for a brief period of 1 to 
2 days may be required, with a voiding trial completed on an 
outpatient basis. After the procedure, patients are given an oral 
cephalosporin for several days, as well as oral medications for 
pain control.

RESULTS

We recently sought to evaluate whether the PVT was inferior to 
the established gold standard midurethral synthetic sling (TVT). 
All women who attended the Urology Outpatient Clinic at our 
institute complaining of SUI that was objectively (by offi ce supine 
stress test) or urodynamically demonstrated and in whom mid-
urethral sling surgery (TVT or PVT) was indicated were invited 
to participate and given an explanation of the study. Those who 
agreed to participate were given the informed consent document 
to read, understand, and sign. Patients were nonrandomly allo-
cated into either the TVT or the PVT group according to the type 
of sling procedure typically performed by the treating surgeon. 
Nine different surgeons participated in this Institutional Review 
Board–approved study.

Patients who had previously failed anti-incontinence proce-
dures, women with mixed incontinence, and those with SUI asso-
ciated with pelvic organ prolapse were included in this study. 
Exclusion criteria were Valsalva-induced detrusor instability, 
neurogenic lower urinary tract dysfunction, and voiding dys-
function defi ned urodynamically as a voiding pressure greater 
than 50 cm H2O, maximum fl ow rate lower than 15 mL/sec, or 
residual urine volume greater than 100 mL.

Figure 43-5 Ensuring a loose position of the synthetic sling at the 
mid-urethra. A curved Mayo scissor tips or open Kelly clamp is used 
to ensure a “tension free” placement. (Courtesy of the Cleveland 
Clinic Foundation, copyright 2002.)

Figure 43-6 Lateral or sagittal view of percutaneous vaginal tape 
sling in place before the excess tape is cut suprapubically. (Courtesy 
of the Cleveland Clinic Foundation, copyright 2002.)
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Evaluation of Effectiveness

Patients’ perception of their symptoms and quality of life were 
assessed by asking them to complete three validated question-
naires before the operation: the Patient Global Subjective Score 
(Global, a visual analogue scale), the Incontinence Impact 
Questionnaire–Short form (IIQ-7), and the Urogenital Distress 
Inventory–Short form (UDI-6). One year after the operation, 
changes in the patients’ symptoms, their quality of life, and treat-
ment outcome were reassessed by mailing four questionnaires for 
the patients to complete and return: the three previously men-
tioned instruments and the Anti-Incontinence Surgery Response 
Score (AISRS), a postoperative-only scoring system. Patients 
were also asked to complete a 24-hour voiding diary and a 24-
hour pad test as components of the AISRS; instructions for both 
were sent to patients by mail.

Evaluation of Safety

Safety of the procedure was assessed by recording intraoperative 
complications, such as bleeding necessitating blood transfusion 
and bladder perforation, and the following postoperative com-
plications: erosion of sling material into the genitourinary tract; 
infection, whether at the surgical wound (abdominal or vaginal) 
or in the sling; de novo urgency; and bladder outlet obstruction. 
Outlet obstruction is defi ned by any of the following criteria: 
history of new-onset irritative symptoms (frequency, urgency, or 
urge incontinence) or obstructive symptoms (hesitancy, inter-
mittency, weak stream, or sense of incomplete evacuation of 
the bladder); postoperative postvoid residue (PVR) equal to or 
greater than 100 mL; or urodynamic criteria of Chassagne and 
colleagues9 (i.e., maximum fl ow rate of ≤15 mL/sec and detrusor 
pressure at maximum fl ow rate of >20 cm H2O).

Operative Techniques

The TVT procedure was carried out according to the technique 
described by Ulmsten and associates,3 and the PVT was per-
formed according to the technique we described earlier.5 All 
patients were sent home on the same day without a catheter if a 
voiding trial was successful. If a patient could not void or the 
bladder was perforated during the procedure, catheter drainage 
for 1 to 2 days was required, and a voiding trial was completed 
on an outpatient basis.

Outcome Measures

The primary outcome measure was the AISRS.10 Patient responses 
were classifi ed as cure, good, fair, poor, or failure according to 
the AISRS. For example, the patient was considered cured if she 
scored 0—that is, she had no stress or urge urinary incontinence 
episodes, she considered herself to be cured, and the total weight 
gain of the pad on her postoperative 24-hour pad test was less 
than 8 g.10,11 Secondary outcome measures were Global, IIQ-7, 
and UDI-6.

Our sample size was based on testing the noninferiority of 
PVT to TVT on the primary outcome measure of being cured 
(score of 0) on the AISRS. We used a noninferiority “delta” of 
10%, defi ned as the smallest true difference in the distribution of 
the AISRS such that PVT would still be considered noninferior 
to TVT. Assuming a 90% cure rate for both groups, we needed 
226 total patients (113 patients in each group) to have 80% power 

to conclude noninferiority of PVT. With our recruited sample 
size of 191 patients, we had about 75% power to show noninfe-
riority under these assumptions. In our data analysis of the 
AISRS, we conservatively used a smaller delta of 5% than we had 
planned for in the AISRS analysis.

In regard to the safety analysis, with our sample size of 191 we 
had little power (31%) to show noninferiority on any of the 
binary complication outcomes using an equivalency delta of 5%. 
Nonsignifi cant results for complications are therefore not inter-
preted as evidence of no difference between the groups.

Sample size calculations were made using the sample size soft-
ware Unify POW, a macro for the SAS system.12

Statistical Analysis

PVT and TVT groups were compared on baseline variables 
including demographics, medical history, diagnosis, surgical 
variables, and incontinence questionnaires (IIQ, UDI, and 
Global), using chi-square tests for binary variables and either t 
tests or Wilcoxon rank-sum tests for ordinal or continuous vari-
ables, as appropriate. We also compared those with and without 
complete follow-up data for the AISRS, the UDI, and the IIQ on 
baseline factors to determine whether responders and nonre-
sponders were similar at baseline.

One-tailed noninferiority tests of PVT versus TVT were 
made for the primary and secondary outcomes, using both uni-
variate and multivariate methods, although all conclusions were 
based on the multivariate results. We adjusted for as many base-
line covariates as possible in attempts to negate any assignment 
bias or baseline differences (due to nonrandomization). The 
usual tests for superiority of either PVT or TVT were done as 
well.

Tests for superiority of PVT or TVT were also performed. In 
the univariate case, we used chi-square tests for the AISRS and 
either two-tailed t tests or Wilcoxon rank-sum tests for ordinal 
outcomes. In multivariate analysis, we used the usual tests for 
signifi cance from the logistic regression and cumulative logic 
regression analyses described earlier. For the change in Global 
score, we used cumulative logic regression to adjust for the 
covariates, and we reported the estimated odds ratio for having 
a higher change in TVT versus PVT.

RESULTS

A total of 278 women met the study criteria and, with input from 
their physician, chose to be treated with either TVT or PVT. 
Seventy-seven patients (27.7%) did not fully complete the ques-
tionnaires and were excluded from analysis (51 in the TVT group 
and 26 in the PVT group); 49 of these 77 patients were not willing 
to complete the follow-up even when contacted by telephone, 
and 28 were lost to follow-up because we were not able to contact 
them. The remaining 191 patients (72.3%) responded and fol-
lowed our protocol; 99 (51.8%) of them underwent TVT, and 92 
(48.2%) underwent the PVT procedure. Of the 191 patients, 107 
(56%) were compliant to perform the entire study protocol, 
including the three domains of the AISRS (questionnaire, 24-
hour voiding diary, and 24-hour pad test) and the three question-
naires of the secondary outcome measures; 84 patients (44%) 
refused to perform both the 24-hour pad test and the 24-hour 
voiding diary, whereas 60 patients (31%) refused to perform the 
24-hour pad test only.
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AISRS: Primary Outcome Assessment

Multivariate analysis showed the noninferiority of PVT to TVT 
in the proportion cured (P = .002) after adjusting for baseline 
covariates and follow-up months, but PVT was not found to be 
superior to TVT (P = .06). We used a logistic regression model 
to assess the association between AISRS cured (yes/no) and pro-
cedure (TVT or PVT) while adjusting for all preoperative base-
line covariates, including associated prolapse, previous operation 
(yes/no), preoperative diagnosis of stress incontinence versus 
mixed incontinence, age, and duration of postoperative follow-
up in months (Table 43-1). Of the preoperative covariates 
assessed, only age was signifi cantly associated with the outcome 
(P = .008). Higher age was associated with lower odds of success 
(odds ratio, 0.68; 95% confi dence interval [CI], 0.52 to 0.90). The 
covariate-adjusted noninferiority test, using a delta of 5%, was 
signifi cant (P = .022), so we concluded that PVT is not inferior 
to TVT (i.e., at least not 5% worse) on the AISRS cure score. 
Using bootstrap resampling, we also obtained a one-tailed upper 
limit estimate for the difference between PVT and TVT on the 
predicted probability of being cured after adjusting for covari-
ates. This estimated upper limit was −3.3% (PVT 3.3% better), 
which is 8.3% lower (i.e., better in favor of PVT) than the +5% 
tolerance we had set.

Our naïve (i.e., unadjusted) univariate analysis revealed that 
PVT had a higher proportion “cured” in the test for superiority 
(chi-square P = .025), with the 95% CI ranging from 0.05 to 0.30 
better than TVT (see Table 43-1). The estimated odds ratio from 
logistic regression indicated that TVT patients were only about 
half as likely to be cured as PVT patients. The univariate nonin-
feriority test was then, of course, signifi cant as well (P = .002), 
meaning that there was evidence to reject the null hypothesis and 
conclude that PVT is not inferior to TVT based on the AISRS.

Secondary Outcome Measures

Table 43-2 compares PVT and TVT on change from baseline to 
last follow-up on the secondary outcome measures. Univariate 
and multivariate results for superiority and noninferiority tests 
are given, along with estimated 95% CIs for the difference (TVT 
minus PVT) in mean or median change. In testing for the supe-
riority of either TVT or PVT, we found no signifi cant differences 

between treatment groups (Table 43-3), evidenced by zero being 
included within the confi dence limits for each score and P values 
greater than .05.

In univariate analysis, PVT was shown to be noninferior to 
TVT for both IIQ and UDI (using three-point and two-point 
buffers, respectively) in change from baseline, but not for change 
in global assessment (one-point buffer).

In multivariate analysis adjusting for all available covariates, 
noninferiority of PVT was found only in the change in IIQ score 
(P = .038). The covariate-adjusted one-tailed upper 95% confi -
dence limit for the change in IIQ was 2.8 (favoring TVT); this is 
signifi cant because it is lower than the prespecifi ed delta of 3.0. 
The adjusted one-tailed upper limit for UDI is above the pre-
specifi ed delta (and therefore nonsignifi cant). We used cumula-
tive logic regression for the Global assessment, because the data 
were far from normally distributed and linear regression was not 
appropriate. The odds of having a higher change score after PVT 
was an estimated 1.4 (95% CI, 0.69 to 2.7) times higher that for 
TVT. This method did not allow assessment of noninferiority of 
the Global assessment, but the odds ratio CI is quite wide and 
does not suggest noninferiority.

For each of IIQ (P = .005), UDI (P < .001), and Global (P = 
.005) scores, higher or increasing age was signifi cantly associated 
with less improvement in the score (negative correlation). For 
both the IIQ and the UDI, patients with stress incontinence 
patients had signifi cantly more improvement than did patients 
with mixed incontinence; the adjusted mean (and standard error) 
for the difference in score between these two groups was 4.7 (1.6) 
for the IIQ and 3.4 (0.89) for the UDI. None of the other covari-
ates was signifi cant at the .05 level, but they were retained in the 
multivariate models to improve the inference regarding PVT and 
TVT.

Nine surgeons performed the procedures, but we were not 
able to make a meaningful adjustment for surgeon because most 
surgeons did either PVT or TVT surgery exclusively. For example, 
the PVT procedures were done by one of two surgeons who 
respectively performed 68% and 26% of the PVTs (together, 
94.5%) but only 13% of the TVT procedures. Likewise, 77% of 
the TVT procedures were done by one of three surgeons, and two 
of them performed only one PVT surgery each.

Analysis of domain no. 2 of the UDI-6 (Do you experience 
urinary leakage related to the feeling of urgency? If yes, how much 

Table 43-1 Effectiveness of TVT versus PVT Based on AISRS Score*

Analysis

% Cured Superiority Noninferiority

TVT
(N = 84)

PVT
(N = 85)

Chi-Square 
P Value

% Cured (95% CI), 
TVT minus PVT

OR (95% CI), TVT vs 
PVT (Ref = PVT)

P Value†

Univariate 33 (39.3%) 48 (56.5%) .025 −17.2 (−29.6 to −4.7) 0.50 (0.27 to 0.92) .002
Adjusted for covariates‡ 33 (38.6%) 48 (55.4) .060 −16.8 (−32.6 to 0.67)§ 0.51 (0.26 to 1.03) .003§,¶

*Association between AISRS “cured” (yes/no) and procedure (TVT or PVT) while adjusting for all preoperative baseline covariates. “Cured” was defi ned 
as a score of 0 on the AISRS.
†One-tailed test with noninferiority delta (or buffer) of .05.
‡Logistic regression adjusting for prolapse (P = .22), previous operation (P = .31), stress incontinence vs mixed incontinence (P = .24), age (OR = 0.68 
per 10 yr, P = .008),  and follow-up months (P = .08).
§Covariate-adjusted CI and noninferiority P value based on 1000 bootstrap resamples.
¶One-tailed upper limit for CI on difference in predicted percent success was −3.3%, well less than the +5% noninferiority delta (P = .003).
AISRS, Anti-Incontinence Surgery Response Score; CI, confi dence interval; OR, odds ratio; PVT, percutaneous vaginal tape; TVT, tension-free vaginal 
tape.
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Table 43-2 Effectiveness of TVT versus PVT Based on Secondary Outcomes*

Outcome TVT PVT

Superiority Noninferiority

P Value

Difference between 
TVT-PVT
(95% CI) Buffer

One-tailed
Upper CL One-tailed P Value

IIQ-7
Sum Preop 17.8 (6.6) 16.1 (7.7)
Sum Postop  5.1 (6.5)  3.6 (6.6)
Change 12.7 (8.6)† 12.5 (10.2) .91‡  0.18 (−3.0, 3.4) § 2.9 .044
Adjusting for 

covariates
— — .88¶ −0.20 (−3.8, 3.3) § 2.8 .038

UDI-6
Sum Preop 11.3 (3.8) 11.6 (3.7)
Sum Postop  3.6 (3.7)  4.3 (4.5)
Change  7.7 (4.7)¶  7.3 (5.8) .66‡  0.41(−1.4, 2.2) ¶¶ 1.9 .044
Adjusting for 

covariates
— — .70§  0.38 (−1.6, 2.3) ¶¶ 2.01 .10

Global
Preop 10.0 (8.0, 10.0) 10.0 (8.0, 10.0)
Postop  1.0 (0.0, 3.0)  1.0 (0.0, 3.0)
Change  8.0 (5.0, 10.0)**  7.0 (5.0, 9.0) .35††  0.26 (−2, 2)‡‡ ‡ ¶¶ .10 5
Adjusting for 

covariates
— — .37§§  1.4 (0.69, 2.7)§§ N/A N/A

*Change (mean or median) from baseline to last follow-up on the Incontinence Impact Questionnaire–Short form (IIQ-7), the Urogenital Distress Inven-
tory–Short form (UDI-6), and the Patient Global Subjective Score (Global).
†N = 68 TVT, 65 PVT.
‡Student’s t test, mean (standard deviation).
§Multiple linear regression adjusting for prolapse (P = .51), previous operation (P = .57), SI vs MI (P < .001), age (P < .001), and follow-up months 
(P = .79).
¶¶Multiple linear regression adjusting for prolapse (P = .67), previous operation (P = .40), SI vs MI (P = .005), age (P = .008), and follow-up months 
(P = .62).
¶N = 65 TVT, 63 PVT.
**N = 63 TVT, 65 PVT.
††Wilcoxon rank-sum test, median (25th percentile, 75th percentile).
‡‡Univariate confi dence interval for difference in medians and noninferiority P value based on 1000 bootstrap resamples of difference in medians.
§§Odds ratio (95% CI) from cumulative logic regression adjusting for previous operation (P = .21), SI vs MI (P = .10), age (P = .005), and follow-up 
months (P = .61). Interpretation: odds for higher level of improvement in PVT vs TVT.
CI, confi dence interval; CL, confi dence limit; MI, mixed incontinence; PVT, percutaneous vaginal tape; SI, stress incontinence; TVT, tension-free vaginal 
tape.

Table 43-3 Comparison of Treatment Groups on Baseline Variables

Preoperative Variable TVT PVT P Value*

Prolapse, n 33 (33.3%)  29 (31.5%)  .79
Previous anti-incontinence operation, n 19 (20.4%)  21 (23.6%)  .48
Preoperative diagnosis (SI vs MI), n 44 (44.4%)  52 (56.5%)  .095
Low ALPP (defi ned urodynamically as <60 cm H2O), n 11 (19.3%)   6 (15.8%)  .66
Age (yr)† 59 (50, 73)  54 (46, 65)  .005‡

ALPP (cm H2O)† 90 (64, 113) 100 (63, 120)  .49‡

Follow-up (mo)† 16 (13, 23)  12.5 (12, 14) <.001‡

*Chi-square test unless otherwise noted.
†Median (25th percentile, 75th percentile).
‡Wilcoxon rank-sum test.
ALPP, abdominal leak point pressure; MI, mixed incontinence; PVT, percutaneous vaginal tape; SI, stress incontinence; TVT, tension-free vaginal 
tape.

Ch043-X2339.indd   450 1/31/2008   2:37:06 PM



 Chapter 43 PERCUTANEOUS VAGINAL TAPE SLING PROCEDURE 451

does it bother you?) showed that, for the combined TVT and PVT 
groups, 65% of patients decreased their score (65%), 30% stayed 
with the same degree of urge, 7 patients (5%) had  de novo urge 
after the midurethral sling procedure. There was no difference 
between TVT and PVT on the change categories (P = .72, Wil-
coxon test). In both groups, there was a large postprocedure 
increase in the proportion of patients with a score of zero.

Complications

The overall incidence of complications in the combined groups 
was 20% (38 patients). A summary of procedure-related compli-
cations is shown in Table 43-4. There was no difference between 
treatment groups in the proportion of patients with any specifi c 
complication. Median blood loss in both groups was comparable: 
50 mL for the TVT group, 68 mL for the PVT group, with no 
signifi cant difference (P = .65). According to our defi nition, a 
total of 25 women (13%) met the criteria of bladder outlet 
obstruction, 12 in the TVT group (12%) and 13 in the PVT group 
(14%) (P = .68). A total of 15 patients underwent urethrolysis to 
relieve obstruction (5 after TVT and 10 after PVT), with no sig-
nifi cant difference between the two procedures in rate of ure-
throlysis. In the remaining 10 patients, obstruction was managed 
by clean intermittent catheterization and was relieved within 3 
months with no need for any further intervention (P = .18).

DISCUSSION

Preliminary reports and the experience at our own institution 
suggest that the techniques of midurethral synthetic sling place-
ment of TVT and PVT are reproducible, easy to master, and 
minimally invasive with respect to tissue handling. The combina-
tion of these advantages provides the opportunity to perform 
these procedures under local anesthesia with sedation when 
applicable, to minimize the time of postoperative bladder drain-
age, and to shorten the time of convalescence.

Although no absolute contraindications for using these pro-
cedures to treat SUI have been established based on a review of 
the current literature, midurethral sling procedures such as TVT 
or PVT should be performed with caution on patients with severe 

ISD without hypermobility (a low leak point pressure of ≤60 cm 
H2O) until more available data are available.

Complications exist with all anti-incontinence procedures, 
and there is a growing database of information on adverse events 
unique to these procedures that will place proper perspective on 
their respective incidences. We have tried to outline the anatomic 
considerations when performing these procedures as well as sug-
gestions for the technical methodology that should minimize 
patient morbidity, avoid patient mortality, and produce the 
highest rate of durable success.

As with all surgical endeavors associated with reconstructive 
surgery, modifi cations of the best procedures continue to evolve. 
Although the TVT procedure appears to be the most recent step 
toward this goal, modifi cations such as the PVT procedure will 
surely continue to evolve the technique of midurethral sling for-
mation. At present, PVT does not appear to be inferior to TVT 
based on our retrospective review. A prospective study may 
confi rm this fi nding, but this more economical way of viewing 
the data may allow us to draw some of the same inferences.

CONCLUSION

While the long-term results of minimally invasive synthetic sling 
procedures are maturing, enthusiasm for considering the TVT 
and PVT procedures stems from the incorporation of techniques 
acquired from traditional sling procedures. Learning to stabilize 
the urethra and bladder neck instead of performing suspension 
sling procedures has greatly reduced the rate of urinary obstruc-
tion and the concomitant morbidity of urgency and urge incon-
tinence in contemporary reports of all sling procedures, proximal 
or midurethral.

Because of the reduced tension placed on synthetic slings that 
are made of a mesh material with large interstices instead of 
tightly woven and impermeable, less potential for graft erosion 
is currently being reported. With future studies reporting the 
preoperative urodynamic profi le of the patients undergoing these 
unique procedures, better inclusion and exclusion criteria for 
performing these procedures will be established. Furthermore, 
cost-effective solutions to midurethral sling placement may allow 
expanded use of these techniques around the world.

Table 43-4 Comparison of TVT and PVT on Complications

Complication Total No. of Patients TVT PVT Chi-Square P Value

Bladder perforation, n  4  0 (0%)  4 (4%) 0.10
Obstruction
 Urethrolysis
 CIC

25
15
10

12 (12.1%)
 5 (5.1%)
 7 (7.1%)

13 (14.1%)
10 (10.9%)
 3 (3.3%)

0.68
0.14
0.24

Persistent UTI  5  4  1
Vaginal pain  1  0  1
New-onset prolapse  2  2  0
Recurrent prolapse  1  1  0

CIC, clean intermittent catheterization; PVT, percutaneous vaginal tape; TVT, tension-free vaginal tape; UTI, urinary tract infection.
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Chapter 44

TRANSOBTURATOR APPROACH TO 
MIDURETHRAL SLING
Carl G. Klutke and John J. Klutke

Surgery for stress urinary incontinence has changed rapidly in 
the past decade. This change was preceded and to some extent 
catalyzed by critical appraisal of anti-incontinence surgery as an 
empirical therapy that, at best, provides a compensatory abnor-
mality to restore continence. Implicit in this view is the accep-
tance that surgery has the potential to upset the balance of 
neurologic and anatomic factors that govern the bladder and its 
outlet. The rationale for recent innovation has been to limit the 
detrimental effect on this balance that can result from surgical 
therapy.

A few specifi c concepts have been introduced to limit the 
impact of surgery on normal function. It is recognized that 
mobility of the proximal urethra is normal and, in fact, impor-
tant for the initiation of voiding. Surgery should avoid interfer-
ence with the mobility of this structure if possible. The use of 
a cough stress test can minimize the potential to cause voiding 
disturbance by providing a physiologic feedback to guide the 
surgeon in applying outlet resistance. The notion of surgical 
wounding and its effect on the nervous system, a concept that 
has been explored in the anesthesia literature, has been applied 
in the arena of anti-incontinence surgery, leading to the employ-
ment of local anesthesia as a means of pre-emptive block to 
reduce negative neurologic consequences.

It is appropriate to attribute much of the recent improvement 
in surgical therapy of incontinence to the work of Ulf Ulmsten. 
Ulmsten’s original thinking and his insistence on scrutinizing the 
concepts that he formulated with rigorous scientifi c methodol-
ogy are laudable, and his work represents a milestone in the 
evolution of surgical practice.1-3 His tension-free vaginal tape 
(TVT) procedure has become the “gold standard” for anti-
incontinence surgery. Improvement in technique will need to 
incorporate its innovative features.

The improvement offered by the transobturator sling (TOT) 
over other midurethral slings is a reduction in the incidence of 
penetration injuries during sling introduction. Although compli-
cations associated with the TVT procedure are uncommon, stress 
incontinence is an exceedingly common condition. Now, with 
experience with TVT totaling hundreds of thousands of women, 
it has become apparent that serious complications can result 
from the procedure and from the other retropubic sling proce-
dures that copy it. Injury to the colon, small bowel, ureter, 
urethra, bladder vasculature, tube, and ovary have been associ-
ated with the procedure, as have erosions of the sling material 
into the vagina, bladder, and urethra.4-6 Bleeding, hematoma, 
abscess formation, retention, and voiding dysfunction can occur. 
The most feared of these complications is bowel perforation. If 
this occurs during blind sling introduction, its recognition is not 
immediate, yet it is potentially fatal, especially if diagnosis is 
delayed. The extent to which this particular complication is 

related to human error is probably irrelevant. The fact is that 
TVT is a blind procedure, with needle passage occurring in prox-
imity to the bowel. Bowel perforation is to some extent related 
to the technique involved in retropubic midurethral sling place-
ment, and even experienced surgeons can encounter it.

Limitations are also inherent in the therapeutic effect that the 
procedure offers. Connective tissue abnormalities are recogniz-
able in women with incontinence, but surgery does not restore 
the connective tissue to its predisease state. Midurethral slings 
result in a dense, collagen-rich structure in the anterior vagina, 
rather like a ligament. Such a structure is not normally present 
in the vagina. Although the procedures are effective, they do not 
correct the underlying defect responsible for stress incontinence, 
which remains unknown. Although improvement of outcome 
may be possible with modifi cation of the basic theme of the 
midurethral sling procedure, all approaches currently share this 
theoretical limitation.

DESCRIPTION

In the continuing effort to evaluate and improve surgical therapy 
for incontinence, the TOT approach has recently reached main-
stream clinical practice.7 It is a type of midurethral sling that 
incorporates midurethral placement, the use of local anesthesia, 
and a cough stress test (Fig. 44-1). No technique is without surgi-
cal risk, but TOT seems to offer less risk than retropubic mid-
urethral sling procedures do. TOT logically avoids the potential 
for bowel or large vessel injury, because it avoids blind retro-
pubic needle passage.

453

Figure 44-1 Axial view of transobturator, suburethral sling.
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In most respects, the TOT and retropubic TVT procedures are 
identical. Both use an identical hammock-like strip of polypro-
pylene placed beneath the mid-urethra to support it from above. 
The main difference is in technique: with TOT placement, the 
introducer needle remains superfi cial to the urogenital dia-
phragm. Because the introducer needle is not allowed to pass 
through the retropubic space, the risk that the needle tip could 
cause injury to bladder, bowel, or blood vessels is lessened. The 
TOT sling and its instruments have been approved by the U.S. 
Food and Drug Administration for the treatment of stress urinary 
incontinence in females. This chapter discusses anatomy perti-
nent to TOT route, the technique itself, and the published litera-
ture supporting its use.

ANATOMY

The fact that the obturator foramen is unfamiliar to most 
urologists has to do with its lack of urologic surgical applications 
and not with any inherent danger of dissection in the area. 
Most urologists consider this part of the pelvis to be an end point, 
not a gateway, and are unfamiliar with its anatomy. The obtur-
ator foramen is not without common surgical applications, 
however. Access to the obturator vessels through the obturator 
foramen for vascular bypass, for instance, is a classic approach 
for relief of vascular insuffi ciency in the lower extremity.8 Veteri-
nary surgeons predate urologists in the treatment of stress in-
continence in female dogs via this approach.9 The advantages of 
TOT sling placement now makes a complete understanding of 
the anatomy of the obturator foramen relevant to the urologist 
as well.

The obturator foramen is an oval opening in the anterior 
ventral bony pelvis formed by the confl uence of the pubic and 
ischial bones. The obturator membrane is a thin fi brous 
sheet which almost completely closes the obturator foramen. Its 
fi bers are arranged in interlacing bundles, mainly transverse in 
direction; the uppermost bundle is attached to the obturator 
tubercles and completes the obturator canal for passage of the 
obturator vessels and nerve in its lateral aspect. Both obturator 
muscles are continuous with this membrane: the obturator 
internus padding the inner aspect and the obturator externus its 
outer surface.10

The obturator nerve arises from the ventral divisions of the 
second, third, and fourth lumbar nerves. It descends through the 
fi bers of the psoas major and emerges from its medial border. It 
runs along the lateral wall of the pelvis above and in front of 
the obturator vessels to the upper lateral part of the obturator 
foramen. Here it enters the thigh to innervate the muscles of 
adduction. The obturator artery and vein that supply and drain 
the muscles of the medial thigh course together with the nerve 
through the foramen laterally. The anatomic location of the nerve 
and vessels in the upper outer part of the obturator foramen 
allows for safe passage of introduced trocars along the medial 
aspect of the foramen.11

The obturator foramen, its membrane, the obturator internus 
muscle, and its surrounding fascia lie external to the endopelvic 
fascial lining of the pelvis and the peritoneal cavity. Normal 
passage of the introducing needle during the TOT sling proce-
dure avoids both spaces. Anatomic studies in cadavers have dem-
onstrated that, when properly positioned, the TOT sling travels 
in a horizontal plane across the origin of the adductor muscles 
and through the inferior margin of the obturator foramen. The 
sling then passes through the internal obturator muscle, above 

the pedicle of the internal pudendal artery, through the levator 
ani muscle, past the tendinous arc of the pelvic fascia, and beneath 
the middle third of the urethra.12 There are no major blood 
vessels or viscera along this route. Kocjancic and colleagues dem-
onstrated that properly placed TOT tape lies 2 cm away from the 
urethra and 4 to 5 cm from the obturator nerve and vessels in 
the obturator foramen. The angle formed between the tape and 
the urethra is approximately 15 degrees, which does not place 
extra anatomic strain on the urethra.13 Despite the theoretical 
increased safety of this approach, improper placement of the 
needle device increases the risk of vesical and/or vaginal 
perforation.

TECHNIQUE

This section describes our technique for placement of a TOT 
sling. It is not meant as a defi nitive description, nor is it intended 
to supplant surgical training in the operating room by an expe-
rienced teacher.

Preoperative Assessment

The TOT sling, like all midurethral slings, is primarily indicated 
for patients with stress incontinence with urethral mobility. 
Documentation of stress incontinence, either on an offi ce 
cough stress test or by formal cystometry, is the fi rst step toward 
a satisfactory outcome. Our own preference is to perform a 
urodynamic study, because this not only provides an accepted, 
objective documentation of the incontinence but also gives an 
indication of other aspects of bladder behavior, such as tone 
(compliance), refl ex excitability, and sensation, which may 
indicate the need for additional therapy in other areas. A vaginal 
examination or cotton swab test is important to identify a fi xed 
or nonmobile urethra, which may result in failure for midure-
thral slings.

Contraindications to the TOT sling procedure include the 
following:

■ Pure urge incontinence
■ Fixed urethra
■ Underlying bleeding diathesis
■ Anticoagulant medication
■ Anesthetic contraindications (to local anesthesia with intrave-

nous sedation)
■ Hip deformity precluding dorsolithotomy position

The patient should be given a thorough explanation of the 
procedure with a full review of the potential risks and potential 
complications, specifi cally including the possibility of blood loss; 
infection; injury to bladder, urethra. or vagina; tape exposure; 
failure; and general risks. A fully informed consent, documented 
in the chart, will help to alleviate problems later on.

Anesthetic Considerations

The TOT sling procedure can be performed with the patient 
under local anesthesia with intravenous sedation, spinal anesthe-
sia, or general anesthesia. It is our strong preference to use local 
anesthesia if possible. This approach is less morbid from an anes-
thetic standpoint, and, more importantly, it is the only way to 
ensure an adequate stress test. Properly placed, the local anes-
thetic does not paralyze the musculature of the pelvic fl oor and 
ensures that biofeedback will accurately determine the degree of 
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resistance necessary at the bladder outlet. Local anesthetic injected 
into the areas of the pelvis through which the sling will pass 
also creates tissue “hydrodissection,” which allows easier passage 
of the needle. Finally, the administration of local anesthetic 
is a “trial run” of the needle passage and gives the surgeon a 
better feel for the anatomy of individual patient’s pelvis. A 
long-acting local anesthetic with or without epinephrine is 
recommended.

If local anesthesia with intravenous sedation is chosen, close 
communication between surgeon and anesthetist is required. 
Although TOT sling placement is a short procedure, it requires 
deeper sedation for some segments (local anesthetic injection and 
actual needle passage) and minimal sedation for some segments 
(resistance adjustment and completion of the procedure). For 
this reason, it is imperative that both the operating surgeon and 
the anesthetist be acquainted with the steps of the operation and 
that the surgeon keep the anesthetist apprised of its progress. Our 
typical intravenous sedation regimen includes 2 mg versed 
administered while the patient is in the holding area, 2 mg fen-
tanyl administered in the operating room, and a Diprivan titrated 
infusion before local anesthetic administration.

Preparation

Because the surgery is focused on the vagina and perineum 
only, patients are positioned in the high dorsolithotomy position, 
and a full vaginal and perineal preparation is performed. The 
surgeon positions the table to height preference, and the anesthe-
siologist confi rms adequate sedation before local anesthetic 
administration.

Local anesthesia is injected with the intent of anesthetizing all 
areas of soft tissue involved in dissection and ultimate placement 
of the sling. We use a long-acting local agent such as 0.25% 
Ropivacaine or Marcaine and plan on giving 40 to 45 mL in total 
for the procedure. Needles used for this purpose include a 25-
gauge 1.5-inch needle for skin and vaginal epithelium, and a 20-
gauge spinal needle for deeper infi ltration. Infi ltration sites 
ultimately include the skin over perineal incision sites, the ante-
rior vaginal wall, and the intervening soft tissue.

Confi rmation of Landmarks, Incisions, and Dissection

A number of visual and palpable landmarks must be recognized 
for proper placement of the tape. The adductor muscle tendons, 
inferior pubic ramus, external urethral meatus, clitoris, bladder 
neck, inguinal-gluteal folds, and, in nonobese patients, the obtu-
rator foramen itself can be either seen or palpated in the course 
of planning the incision sites. Two sets of incisions are then 
made: a 1-inch, sagittal vaginal incision placed midway between 
the bladder neck and the external urethral meatus, and two peri-
neal skin stabs overlying the left and right medial obturator 
foramina at the level of the clitoris one fi ngerbreadth lateral to 
the inguinal-gluteal fold. It is important to incise the vagina deep 
to the vaginal epithelial layer, to avoid problems of wound healing 
later on.

Having made the incision in the vagina overlying the mid-
urethra, the surgeon must identify the tissue plane between 
urethra and vagina and develop this plane laterally to allow digital 
palpation of the medial edge of the ischiopubic ramus. Once the 
plane is developed, the 20-gauge spinal needle is used to admin-
ister local anesthetic into the soft tissue between the perineal stab 
incisions and the vaginal incision.

Needle Passage

The goal of needle passage is to place the sling from mid-urethra 
to perineum while avoiding damage to the  bladder, bladder neck, 
and urethra; penetration of the vaginal epithelial layer; and injury 
to the obturator nerves and vessels. Whether this is accomplished 
by an “outside-in” approach or an “inside-out” approach at this 
stage of procedural evolution is largely a matter of personal pref-
erence. We have been most comfortable with passage of the 
needle from the perineal stab incisions, through the obturator 
foramen, and then, under fi ngertip guidance, out the vaginal 
incision. After the needle is through the vaginal incision site, the 
sling is attached and withdrawn through the perineal stab, and 
the same procedure is carried out on the other side with the other 
end of the sling.

Once the sling is in place, cystoscopy is used to confi rm that 
the urethra and bladder are intact and were not penetrated during 
sling placement. Whether cystoscopy is required in all cases of 
TOT sling placement is a matter of conjecture at present, but 
reports of bladder and urethral injury exist, and we recommend 
the use of a zero-degree 17-Fr cystoscope for complete visualiza-
tion of urethra and bladder neck in all cases in which the possibil-
ity of injury cannot otherwise be ruled out.

Cough Test

If local anesthesia and intravenous sedation have been employed, 
a cough test can be performed to guide tensioning of the TOT 
sling. The bladder is fi lled with normal saline to the volume at 
which leakage was previously demonstrated. The patient is placed 
in a reverse Trendelenburg position, and the weighted vaginal 
speculum, instruments, and retractors are removed from the 
vagina. The surgeon and anesthesiologist should assess the awake 
status of the patient and confi rm a strenuous cough effort. With 
leakage per urethra as a starting point, we adjust tension on the 
sling by pulling the free ends incrementally until leakage ceases. 
The overall goal is to place as little resistance at the outlet of the 
bladder by the tape as is necessary to stop leakage with cough.

Completion of Procedure

Once proper tensioning is complete, excess tape is excised fl ush 
with the perineal skin, with care taken to avoid injuring the sur-
rounding skin. Closure of the vaginal incisions with absorbable 
suture, such as 2-0 polyglycolic acid, is accomplished. Noting that 
vaginal exposure due to improper wound healing of the vaginal 
incision is one of the more common complications, we recom-
mend careful placement of interrupted sutures, making sure that 
no sling is involved with the closure. The perineal stabs can be 
closed with Steri-Strips. Finally, before the patient is transported 
to the recovery room, the surgeon must confi rm hemostasis and 
estimate blood loss.

Recovery Room Check

In the recovery room, confi rmation of complete bladder emptying 
must be documented. If a cough test in the operating room was 
performed, the volume instilled should also be emptied. Uncom-
monly, short-term catheter drainage may be required. Discharge 
instructions, including limitation of strenuous activity and absti-
nence from sexual activity for at least 6 weeks from the date of 
surgery, should be given and documented. Patients are given post-
operative prescriptions including analgesics, short-term antibio-
tics, and stool softeners to avoid postoperative constipation.
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COMPLICATIONS

The most common reported complication of TOT urethral sling 
placement is de novo urge urinary incontinence, which has been 
reported in 2% to 7% of patients.14-16 Short-term urinary obstruc-
tive symptoms have been reported in 1% to 3%.14-16 Short-term 
obstruction can be managed by intermittent or indwelling cath-
eterization; however if symptoms persist longer than 1 week, we 
recommend early sling loosening.17 Other reported complica-
tions include pain; dyspareunia (<1%); bladder neck laceration 
(<1%); perforation of the bladder, vagina, or urethra (1%); and 
delayed erosion of the sling into the vagina or urethra (1% to 
3%).18-21 Signifi cant injury to major blood vessels or bowel has 
not been reported. There has been no reported mortality.

CLINICAL OUTCOMES

Because the TOT approach is relatively new, only short-term 
effi cacy for the treatment of stress incontinence has been dem-
onstrated. Subjective cure and improvement rates of 83% to 93% 
and 5.4% to 9.4%, respectively, have been reported with follow-
up ranging from 3 months to 1 year.16,21 Aside from these subjec-

tive reports, at least one study has demonstrated signifi cant 
improvement in urinary pad usage, sexual function, and overall 
quality of life after TOT sling placement.19 The TOT sling 
was evaluated in patients who had previously undergone 
anti-incontinence surgery and was found to provide with cure 
rates of 79% and improvement rates of 9.2%.21 The procedure 
has been demonstrated to be equally effi cacious in obese and 
nonobese patients and in women older than 70 years.22,23 TOT 
sling concomitant with pelvic organ prolapse repair has also been 
evaluated, with results showing 87.2% cure and 7.7% improve-
ment in stress incontinence symptoms at a mean follow-up of 
12 months.24

CONCLUSION

The TOT approach to suburethral sling placement is an exciting 
modifi cation in the management of stress urinary incontinence 
in women. Like the TVT procedure, the TOT  approach is a 
minimally invasive procedure with good short-term effi cacy but 
has the added benefi t of avoiding deep penetration of the pelvis. 
Additional prospective studies with longer follow-up are needed 
before the TOT sling can replace the gold standard TVT.
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Chapter 45

CADAVERIC FASCIAL SLING USING 
BONE ANCHORS
Sarah A. Rueff and Gary E. Leach

Transvaginal slings are now considered the primary procedure of 
choice for female stress urinary incontinence (SUI).1 Although 
historically female SUI was thought to be caused by either ure-
thral hypermobility or intrinsic sphincter defi ciency (ISD), it is 
now accepted that all patients with SUI have some component 
of ISD. Therefore, regardless of the cause, a sling procedure may 
be the fi rst line of treatment recommended. We fi rst began per-
forming the cadaveric transvaginal sling (CaTS) procedure with 
bone anchors in 1998. Early results showed patient outcome and 
continence rates to be comparable to those obtained with other 
techniques and sling materials.2

PREOPERATIVE EVALUATION

A thorough preoperative evaluation is essential before interven-
tion for SUI. Gynecologic history should include number of 
vaginal deliveries and prior anti-incontinence procedures. Mic-
turition history should include type of incontinence present, type 
and number of pads used, and a measure of degree of “bother” 
via questionnaire analysis. The stress-related leakage, emptying 
ability, anatomy, protection, inhibition (SEAPI) incontinence 
score is a subjective assessment of patient symptoms and impact 
on quality of life (Table 45-1).3 Physical examination should 
focus on assessment and documentation of degree of urethral 
hypermobility. A thorough examination of the anterior and pos-
terior vaginal wall and the uterus or vaginal cuff should be per-
formed with the patient both supine and standing. Associated 
pelvic organ prolapse should be repaired simultaneously with 
the sling procedure. Patients who have undergone prior anti-
incontinence procedures may have urethral fi xation secondary to 
scarring at the bladder neck and will require urethrolysis at the 
time of sling placement. A focused neurologic examination 
should document any defi cits with further evaluation as indi-
cated. Preoperatively, urodynamic evaluation is performed in 
all patients to confi rm SUI and document abdominal leak 
point pressure. In addition, urodynamic evaluation excludes 
underlying bladder dysfunction, such as detrusor overactivity or 
poor compliance, and evaluates the patient’s ability to empty the 
bladder.

CADAVERIC FASCIA

The use of autologous fascia for transvaginal sling, using either 
rectus fascia from the anterior abdominal wall or fascia lata from 
the lateral thigh, has been previously described.4,5 Fascia lata is 
known to be universally strong regardless of patient age or 
medical condition. When compared, fascia lata has reproducibly 

three to four times greater tensile strength than rectus fascia.6 
Rectus fascia can become attenuated and scarred as a result of 
cesarean section, abdominal hysterectomy, or other abdominal 
procedures. However, harvesting fascia inevitably increases oper-
ative time, morbidity of the procedure, postoperative pain, and 
length of hospital stay. For that reason, cadaveric fascia lata (CFL) 
has become a popular choice for sling material.

Our fascia of choice is a non-frozen CFL, Tutoplast (Mentor 
Corporation, Santa Barbara, CA). Tutoplast preparation involves 
a fi ve-step process that includes solvent-dehydration and gamma-
irradiation. The process is summarized as follows:

1. Screening: The U.S. Food and Drug Administration serologi-
cally screens potential donors and rejects those with a medical 
or social history that places them at risk of infectious disease 
or malignancy. The fascia is then inspected and must meet 
stringent cleanliness, structure, quality, and size standards.

2. Processing: The fi rst step in the cleaning process involves 
osmotic treatment with various concentrations of saline solu-
tion in order to destroy bacteria and viruses and remove most 
of the antigens from the tissue.

457

Table 45-1 SEAPI Incontinence Score

Stress-related leakage 0 = No urine loss
 (“S”) 1 = Loss with strenuous activity

2 = Loss with moderate activity
3 = Loss with minimal activity

Emptying ability (“E”) 0 = No obstructive symptoms
1 = Minimal symptoms
2 = Signifi cant symptoms
3 = Only dribbles or retention

Anatomy (“A”) 0 = No descent with strain
1 = Descent, not to introitus
2 = Through introitus with strain
3 = Through introitus at rest

Protection (“P”) 0 = Never used
1 = Certain occasions
2 = Daily, occasional accidents
3 =  Continually, frequent 

accidents or constant leakage
Inhibition (“I”) 0 = No urge symptoms

1 =  Rare urge urinary 
incontinence (UUI)

2 = UUI once/week
3 = UUI at least once/day

From Raz S, Erickson DR: SEAPI QNM incontinence classifi cation system. 
Neurourol Urodyn 11:187-199, 1992.
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3. Denaturization: The second step of the cleaning process 
involves treatment with NaOH and H2O2 that removes the 
remainder of antigens and destroys prions (Creutz Feldt-
Jakob Disease) and viruses (hepatitis, HIV). Limited exposure 
to NaOH allows this to be accomplished without signifi cant 
alteration of the collagenous structure.

4. Preservation: Extraction of water from the tissue is accom-
plished via organic solvents, resulting in preservation of a 
dense collagenous structure without a chemical residue.

5. Gamma irradiation: The tissue is cut to various sizes, pack-
aged, and sterilized with gamma irradiation. Radiation is 
limited to less than 25,000 Gy (2.5 Mrad) to limit weakening 
of the fascia.

The strength and quality of solvent-dehydrated CFL have been 
compared to those of freeze-dried CFL, another commercially 
available preparation. Solvent-dehydrated CFL was found to 
have signifi cantly greater stiffness, maximum load to failure, and 
maximum load per unit of graft.7

Many authors have published their outcomes using either the 
solvent-dehydrated or the freeze-dried CFL, and their results 
have confi rmed a difference in the tissue quality. Boone pub-
lished results on 26 women who underwent pubovaginal sling 
with solvent-dehydrated CFL (Tutoplast) for SUI.8 Minimum 
follow-up was 12 months. The outcome revealed that 25 (96%) 
of the 26 patients were “signifi cantly” improved: 77% wore no 
pads postoperatively, and an additional 15% wore no more than 
1 pad per day. No patients required an additional operation for 
incontinence.

On the other hand, Raz’s group published results on 154 
consecutive patients with SUI who underwent pubovaginal sling 
placement using freeze-dried CFL.9 With an average time to 
follow-up of 10.6 months, 58 (38%) of the 154 patients 
had recurrent SUI and 26 (17%) required a second operation for 
SUI. With an average time to reoperation of 9 months, the 
authors noted that the fascia was either absent, fragmented, 
or attenuated. Brubaker’s associates reported similar results.10 
Thirty-two patients underwent pubovaginal sling placement 
with freeze-dried CFL and were available for short-term follow-
up. Although 22 (69%) of the 32 patients were objectively 
dry, the remaining 10 (31%) had recurrent SUI by 6 months’ 
follow-up. Eight patients underwent reoperation for SUI, and in 
7 (87.5%) of them little or no fascia remained at the urethrove-
sical junction. Fascial strands that were present were sent for 
histologic analysis and showed evidence of autolysis and 
degeneration.

As is evident, all commercially available CFL preparations are 
not the same. The method used to prepare the tissue ultimately 
affects its tensile strength and surgical results with its use. We 
prefer to use the nonfrozen cadaveric fascia to avoid the synthetic 
sling materials that have been associated with higher rates of 
erosion and/or infection.11,12

BONE ANCHORS

The incorporation of bone fi xation in the treatment of SUI was 
fi rst described with the Marshall-Marchetti-Krantz vesicoure-
thropexy.13 Since that time, a number of techniques have been 
described that involve fi xation of suspension sutures directly to 
the pubic bone, which avoids the risk of nerve entrapment that 

can occur with attachment to the rectus fascia. Leach described 
a technique using a needle to place the suspension sutures into 
the pubic bone,14 and Benderev later incorporated the use of bone 
anchors for suture placement.15 Nativ and colleagues were the 
fi rst to employ transvaginal bone anchors using a handheld drill 
in 1997.16 Their procedure allowed cystourethropexy to be per-
formed entirely transvaginally and was subsequently modifi ed 
into a sling procedure.

The advantages of transvaginal bone anchor fi xation are many. 
Because the procedure is performed completely transvaginally, 
no abdominal incisions are required, and postoperative pain is 
decreased. Suture placement via bone anchors does not require 
needle or suture passage through the retropubic space and there-
fore reduces the risks of bleeding and bladder perforation. There 
has been speculation that perforation of the endopelvic fascia 
during sling placement may increase the risk of postoperative 
vaginal prolapse and recurrent SUI.17 The CaTS procedure, 
described later, does not involve perforation of the endopelvic 
fascia and minimizes the potential risks of postoperative prolapse 
or sling failure.

The risk of osseous complications associated with the use of 
transvaginal bone anchors appears to be less than that reported 
with suprapubic anchor fi xation. Frederick and coworkers pub-
lished a review of the osseous complications within their prospec-
tive cohort of patients in addition to those of 15 other published 
reports. Among a total of 1228 patients, the incidence of osteitis 
pubis was 2 (0.16%), and the incidence of osteomyelitis was 1 
(0.08%).18 A prior review published by Rackley and colleagues in 
2001 reported no osseous complications among 314 patients who 
had undergone transvaginal bone anchor with sling placement, 
compared to a 0.86% incidence associated with suprapubic place-
ment of bone anchors.19 The incidence of osseous complications 
with the Marshall-Marchetti-Krantz retropubic urethropexy has 
been reported to be 0.76%.20

PREOPERATIVE PREPARATION

Before cadaveric transvaginal sling with bone anchors (CaTS) 
procedure is performed, the urine is confi rmed to be sterile. 
Patients are taught self-catheterization preoperatively. In the 
event that a patient is unable to learn self-catheterization or 
has documented incomplete emptying preoperatively, consi-
deration of placing a suprapubic tube intraoperatively should 
be made. Preferably, patients with vaginal wall atrophy should 
use estrogen vaginal cream for 4 to 6 weeks before surgery. 
Patients are instructed to use one-third of an applicator of estro-
gen three times a week to improve the quality of tissue and 
postoperative healing properties. A povidone-iodine vaginal 
douche is performed on the night before and on the morning 
of surgery. Perioperative antibiotics are given. We prefer to use 
a fi rst-generation cephalosporin, ampicillin, or vancomycin 
(if the patient is allergic to penicillin) combined with an 
aminoglycoside.

Transvaginal repair of associated pelvic prolapse is performed 
with the CaTS procedure. A thorough discussion of the risks and 
complications of sling surgery is undertaken before repair. 
Patients are counseled regarding the possibility of prolonged or 
permanent urinary retention, recurrent SUI, and persistent or de 
novo urgency symptoms that may require treatment in the 
future.
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OPERATIVE PROCEDURE

The procedure is performed with the patient in the dorsal lithot-
omy position. A Foley catheter is placed, and a Scott retractor 
(Lonestar, Houston, TX) is secured to the medial buttocks with 
towel clamps. The anterior vaginal wall is infi ltrated with saline, 
and the Foley balloon is palpated at the bladder neck. An inverted 
U-shaped incision is made from the mid-urethra to the bladder 
neck (Fig. 45-1). The fl ap is mobilized proximally to the bladder 
neck, but not further, to prevent proximal migration of the sling. 
Lateral dissection at the bladder neck is performed to clear the 
undersurface of the pubic bone for bone anchor placement. Per-
foration of the endopelvic fascia is not necessary, so the risk of 
signifi cant bleeding and bladder injury is reduced. Patients with 
signifi cant scarring or urethral fi xation due to prior surgeries may 
require urethrolysis before sling placement. Releasing the urethra 
from surrounding scar tissue allows the sling to provide adequate 
compression after placement.21

Our preference for bone anchor placement is the InFast drill 
system (American Medical Systems, Inc. Minneapolis, MN), 
which changes tone to signify fi rm placement into the bone 
(Fig. 45-2). Before placement of the bone anchors, the bladder is 
placed on drainage, and the bladder and bladder neck are retracted 
medially. A polypropylene suture with its anchor attached are 
threaded onto the drill, and the drill is positioned fl ush with the 
undersurface of the bone (Fig. 45-3). The drill is activated until 
a change in tone is audible; then it is removed, and the suture is 

fi rmly pulled to confi rm anchor placement. The process is 
repeated on the opposite side.

The CaTS procedure is performed using a 2 cm × 7 cm piece 
of nonfrozen CFL presoaked in antibiotic solution. The edge of 
the fascia is folded over to allow cross-hatching of the fi bers and 
to minimize the chance of suture pull-through.22 An 18-gauge 
needle is used to allow atraumatic passage of the suture through 
the folded edge (Fig. 45-4). The bladder neck suture is placed 
more medially than the distal suture in order to keep the fascia 
tight against the bladder neck (Fig. 45-5). One side of the sling is 
secured in place up to the pubic bone. The distal edge of the sling 
is secured in place using a 2-0 absorbable suture to prevent the 
sling from rolling toward the bladder neck. The free edge of the 
fascia is folded over, and the appropriate position of the contra-
lateral sutures is determined (Fig. 45-6). The fascia should lie 
fi rmly against the urethra without excessive tension. In our expe-
rience, the use of a right angle clamp placed between the urethra 
and the sling while deciding proper tension can result in 
the sling’s being tied too loosely. Once the proper position is 

Figure 45-1 An inverted U-shaped incision is made from the mid-
urethra to the bladder neck.

Figure 45-2 Transvaginal drill for bone anchor placement changes 
tone to signify fi rm placement into the bone.

Figure 45-3 The drill positioned on the undersurface of the pubic 
bone for bone anchor placement.
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or a wound infection. Patients are routinely discharged on post-
operative day 1 with oral analgesics and stool softeners in addi-
tion to antibiotics. Patients with elevated postvoid residuals are 
instructed to continue to monitor at home via self-catheteriza-
tion or suprapubic tube until residuals are consistently less than 
100 mL. In the event that a patient is unable to learn or is uncom-
fortable performing self-catheterization, she can be discharged 
with a Foley catheter and return for a trial of voiding in the offi ce. 
At the time of discharge, patients are instructed to do no heavy 
lifting or straining and to observe pelvic rest (i.e., no intercourse, 
no tampons) for 6 weeks postoperatively.

Patients are seen for follow-up at 1 week, 6 weeks, 6 months, 
12 months, and yearly thereafter. Evaluation should consist of 
urinalysis, postvoid residual urine measurement, and physical 
examination, as well as determination of subjective SEAPI scores. 
Patients are also administered a confi dential, validated conti-
nence and satisfaction questionnaire every 6 to 12 months post-

Figure 45-4 An 18-gauge needle is used for atraumatic passage of 
the suture through the fascia. The edge of the fascia is folded over 
to minimize suture pull-through.

Figure 45-5 The proximal suture is passed more medial to the 
distal suture to place the sling snugly against the bladder neck.

Figure 45-6 The distal edge of the sling is secured in place with 
2-0 absorbable suture to prevent it from rolling toward the bladder 
neck. The free edge is folded over to determine proper tension and 
position of the contralateral sutures.

Figure 45-7 Final sling position at the mid-urethra with sutures tied 
and appropriate amount of tension.

determined, the sutures are passed through the fascia and tied 
fi rmly against the pubic bone (Fig. 45-7). Before the procedure 
is completed, cystoscopy is performed with both a 70-degree lens 
to rule out bladder injury and a 0-degree lens to rule out urethral 
injury. Irrigation with antibiotic solution is performed through-
out the procedure. The vaginal incision is closed with 2-0 absorb-
able suture. A Betadine-soaked vaginal pack and Foley catheter 
are left in place.

POSTOPERATIVE CARE

The vaginal packing and Foley catheter are removed on the 
morning of the fi rst postoperative day. Fluid intake is restricted 
to 1500 mL/day. A voiding trial is administered, and a residual 
urine measurement is obtained via intermittent catheterization. 
Eighty percent of patients void to completion immediately after 
surgery. If residual urine is greater than 100 mL, the patient is 
reinstructed on self-catheterization. If a suprapubic tube was 
placed intraoperatively, residuals are checked in this manner. 
Patients are continued on intravenous antibiotics for 24 hours 
postoperatively and then begun on oral antibiotic (cephalexin or 
fl uoroquinolone) for 1 week to minimize the risk of osteitis pubis 
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operatively, the results of which are entered into a prospective 
patient database.

RESULTS

The CaTS procedure has been performed on a total of 484 
patients aged 23 to 90 years old (mean, 63.7 years). Of these, 414 
(85.5%) have had a minimum questionnaire follow-up of 6 
months (range, 6 to 78 months; mean, 30.2 months). Distribu-
tion of follow-up data is presented in Figure 45-8. According to 
the confi dential patient-driven questionnaire, 89 (22%) of 414 
patients reported 100% improvement in their incontinence 
symptoms; 195 (47%) reported greater than 80% improvement, 
and 279 (67%) reported 50% improvement or better. Mean 
SEAPI scores were signifi cantly decreased from 5.5 preoperatively 
to 2.7 postoperatively (P < .001). Overall, 241 (58%) of 414 
patients were more than 80% satisfi ed with the procedure on a 
visual analogue scale (mean satisfaction, 68%; median, 90%). 
Two hundred ninety-fi ve patients (72%) would have the surgery 
again, and 292 (71%) would recommend the surgery to a 
friend.

One hundred thirty patients (31%) reported less than 50% 
improvement in incontinence symptoms and were considered 
“failures.” Thirty-three (8%) complained of recurrent SUI, 56 
(13.5%) complained of mixed urinary incontinence, 14 (3.4%) 
complained of urge urinary incontinence, and 27 (6.5%) were 
unsure regarding the type of incontinence responsible for their 
dissatisfaction. Recently, we evaluated multiple preoperative 

variables in an attempt to determine risk factors for failure 
(Table 45-2). The variables considered were

1. Preoperative urinary urgency
2. Preoperative urge urinary incontinence
3. Detrusor overactivity on preoperative urodynamic 

evaluation
4. Abdominal leak point pressure less than 50 cm H2O
5. History of prior anti-incontinence procedure
6. Presence of cystocele requiring concurrent repair

The presence of preoperative urge urinary incontinence was the 
only considered variable associated with an increased risk of 
failure (P < .01). Conversely, the presence of a concurrent cysto-
cele was found to be associated with a signifi cant decrease in 
failure (P < .05), perhaps due to a redistribution of the forces at 
the mid-urethra and bladder neck over the entire anterior vaginal 
wall. Time to failure is shown in Figure 45-9. Notably, 100 (77%) 
of the 130 failures occurred after 12 months’ follow-up.

Of 209 patients who complained of urinary urgency preopera-
tively, 71 (34%) experienced persistent urge symptoms post-
operatively. Of 205 patients without preoperative urinary urgency, 
20 (10%) developed de novo urge symptoms. Prolonged urinary 
retention (>30 days) occurred in 7 patients, 1 of whom required 
urethrolysis. Osteitis pubis occurred in 2 patients and was 

Figure 45-8 Distribution of questionnaire follow-up for the 
cadaveric transvaginal sling (CaTS) procedure.

Figure 45-9 Time to failure after the cadaveric transvaginal sling 
(CaTS) procedure.

Table 45-2 Relation of Preoperative Variables to Failure of the Cadaveric Transvaginal Sling Procedure

Preoperative Variable Present Absent

Failure Rate

P ValuePresent Absent

Urinary urgency 197 133 54/197 (27%) 31/133 (23%)  .44
Urge incontinence 124 206 44/124 (35%) 41/206 (20%) <.01
Leak point pressure <50 cm H2O  84 246 24/84 (29%) 61/246 (25%)  .56
Detrusor overactivity  72 258 22/72 (31%) 63/258 (24%)  .29
Concurrent cystocele 232  98 52/232 (22%) 33/98 (34%)  .04
Prior anti-incontinence procedure  71 259 20/71 (28%) 65/259 (25%)  .65
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managed conservatively with nonsteroidal medications. Wound 
separation occurred in 9 patients, but all eventually healed sec-
ondarily with conservative management. There have been no 
mortalities associated with the CaTS procedure.

CONCLUSION

Transvaginal slings are considered fi rst-line treatment for SUI. 
The choice of nonfrozen CFL avoids the need to harvest the 
patient’s own fascia intraoperatively and consequently reduces 

operative time, postoperative pain, and length of hospital 
stay. Whereas early results with the CaTS procedure were very 
encouraging and comparable to those obtained with other 
materials and techniques of placement, long-term results have 
been less durable, with failure rates approaching 30%. To improve 
continence results, we are currently exploring other materials 
and approaches for sling placement. The CaTS procedure remains 
an excellent option for patients who wish to avoid the use of 
synthetic materials. Familiarity with this technique is recom-
mended as part of the armamentarium of a surgeon’s trans-
vaginal sling procedures.
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Chapter 46

RADIOFREQUENCY TREATMENT FOR 
THE MANAGEMENT OF GENUINE 
STRESS URINARY INCONTINENCE
Emily E. Cole and Roger R. Dmochowski

Genuine stress incontinence (SUI) affects a substantial and 
increasing proportion of the female population.1-4 It is well 
accepted that SUI is often associated with substantial quality-of-
life disruption and desire on the part of the sufferer for improve-
ment in or resolution of attendant symptomatic bother. A recent 
outcomes analysis suggested that women seeking therapy for 
genuine SUI would accept symptom improvement as an impor-
tant and positive outcome aspect even if cure were not obtained.5 
The referral and usage trends for surgical interventions such as 
colposuspensions and suburethral slings suggest that, for women 
with less advanced symptoms, factors including patient fear or 
reluctance about surgical morbidity rates, recovery times, and 
other lifestyle concerns cause these procedures to be employed 
in a relatively small percentage of the overall affected popula-
tion.2,6,7 In addition, despite minimal invasiveness and positive 
safety profi les, nonsurgical modalities have in many cases been 
plagued with unfavorable compliance rates and chronic treat-
ment requirements, as well as questionable effectiveness and 
durability.8,9

For the large population of less symptomatically bothered 
patients who desire treatment for their condition, the application 
of radiofrequency (RF) energy to the endopelvic fascia has been 
proposed as a new category of less invasive, fi rst-line surgical 
intervention. In other disciplines, RF microremodeling has been 
shown to be well suited for the treatment of disorders character-
ized by the inappropriate passage of luminal contents through a 
dysfunctional anatomic and/or physiologic barrier, for example 
in fecal incontinence10 and gastroesophageal refl ux disease.11 The 
RF energy procedure aims to treat genuine SUI by correcting 
the laxity and elasticity of the fascial “hammock”12 supporting the 
urethra and bladder neck via thermally induced tissue shrinkage 
and contraction.13 Specifi c heating of the endopelvic fascia dena-
tures collagen fi bers, causing acute contraction (shrinkage) of the 
treated tissue while also stimulating a fi brotic response.14 In sub-
sequent weeks, collagen in-growth and scar tissue formation 
further shrink and stabilize the endopelvic fascia, reducing its 
compliance to intra-abdominal pressure increases and stabilizing 
the position of the bladder neck.15 This summary introduces the 
theoretical principles behind RF treatment of genuine SUI and 
reviews available literature describing approaches and results of 
currently available RF modalities.

THEORETICAL PRINCIPLES

The pathophysiology of genuine SUI is generally attributed to 
loss of passive support of the urethra due to tissue injury, stretch-

ing, or loss of stability, and/or lack of functioning neurologic 
control of the muscles of the pelvic fl oor and urethra.12,16-18 
Passive support weakness may provide inadequate support to the 
urethra, resulting in urethral hypermobility and poor urethral 
compression during stress events and periods of increased physi-
cal activity, leading to urine leakage.19-21 A compounding effect 
of passive support failure is displacement of the urethra, which 
results in unequal distribution of sudden intra-abdominal pres-
sure to the bladder and urethra, with the bladder pressure over-
coming the pressure within the descended urethra, thereby 
further contributing to episodes of uncontrolled urine loss.

Developers of RF treatment hypothesized that if the collagen-
rich endopelvic fascia in women with genuine SUI could be 
shrunk, and thus stabilized, through a direct application of con-
trolled heat, these non-neurologic continence mechanisms could 
be positively affected and continence restored. It was envisioned 
that this could be accomplished via a minimally invasive approach 
with a very low associated risk of surgical complications.

ENERGY-TISSUE INTERACTIONS

The ability of heat to effect shrinkage of collagen-containing 
tissue is a function of several characteristics of the collagen 
molecule,  which is triple-helical and fi brillar in structure. The 
intramolecular hydrogen bonds, or cross-links, that maintain 
the triple-helical confi guration are thermally labile, whereas the 
intermolecular bonds that maintain the fi brillar structure are 
thermally stable. Heat in the range of 60°C to 80°C will disrupt 
the intramolecular cross-links, causing the helix to unwind, while 
the heat-stable fi brillar structure remains intact. This results in 
shrinkage on the longitudinal axis along with swelling of the 
fi brils.13

The clinical use of RF energy to achieve tissue shrinkage via 
collagen denaturation is well documented in the literature.13,22-25 
In this context, RF energy is applied to the tissue via direct contact 
with electrodes, and tissue heating occurs as the tissue resists the 
fl ow of the RF current. Heat conducts from high to low tempera-
ture regions in the tissue, creating a three-dimensional thermal 
effect. This thermal effect is specifi c to the amount of RF energy 
delivered, the tissue resistance, and the electrode confi guration.

These concepts were modeled after studies demonstrating 
tissue shrinkage via RF energy. Hecht and colleagues described 
the use of monopolar RF energy to treat bovine joint capsular 
tissue in vivo.13 They found that the application of RF energy was 
followed by tissue reaction and concomitant degradation of col-
lagen with the ensuing build-up of new collagen over a 12-week 
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period, resulting in remodeling of the joint capsular tissue. The 
primary treatment effect was heat-induced tissue shrinkage asso-
ciated with the denaturation of collagen; maximal shrinkage 
occurred at temperatures ranging from 60°C to 80°C. Post-
treatment histologic evaluation revealed that thermal effects were 
localized to the region of RF energy application. Subsequent 
evaluations showed a tissue healing response characterized by 
fi broblast and capillary proliferation that ultimately resulted in 
complete tissue healing at 12 weeks. Chen and associates per-
formed a series of experiments on fresh bovine heart tendons.26 
The tissue was mounted in a tension-free holder, and the amount 
of shrinkage was measured as a function of time and tempera-
ture. The study showed that maximal tissue shrinkage occurred 
only if the thermal treatment time and temperature exceeded a 
certain threshold. Notably, a temperature of 70°C effected near-
maximal shrinkage when applied for a minimum of 30 seconds. 
Temperatures lower than 70°C demonstrated signifi cantly dimin-
ished capacity for effective shrinkage regardless of the duration 
of the heat application. This information was used to develop an 
RF energy treatment algorithm for shrinking the endopelvic 
fascia to restore continence in women with genuine SUI.

TREATMENT METHODOLOGY

Based on the theoretical and experimental information described, 
a commercially available RF bladder neck suspension procedure 
was developed. The SURx Transvaginal System (SURx System, 
CooperSurigcal, Inc. Trumbull, CT) is composed of a small 
bipolar RF generator and a sterile, single-use applicator that 
allows application of RF energy to the tissue. The applicator has 
a handle, a trigger, and a 270-degree rotational tip with microbi-
polar electrodes and a saline drip at the distal end of the probe. 
Additionally, there is a thermistor located between the electrodes 
for accurate monitoring of treatment tissue temperatures.

The specifi c treatment area for the RF procedure is an area of 
the endopelvic fascia located at least 1 cm lateral to the mid-
urethra on each side. The targeted treatment area can be assessed 
laparoscopically or transvaginally, with both approaches facilitat-
ing treatment of the same tissue (on the superior or inferior 
surface, respectively).

All patients should be carefully screened preoperatively with 
a comprehensive history and physical examination, voiding diary, 
and urodynamics if possible. Patients should demonstrate objec-
tive SUI and should have evidence of urethral hypermobility on 
physical examination. Most transvaginal RF procedures can be 
performed in an outpatient setting with general or regional 
anesthesia.

The patient is placed in the dorsal lithotomy position, a Foley 
catheter is placed, the bladder is actively emptied, and the balloon 
is infl ated. Hydrodissection of the vaginal wall is recommended, 
using an appropriate dilute vasoconstrictive solution (20 U vaso-
pressin in 50 mL injectable saline or epinephrine at a 1:200,000 
dilution in injectable saline) to minimize excess bleeding. A 2- to 
3-cm incision is made 1 cm lateral to the urethra centered at the 
level of the mid-urethra. This incision is carried through the full 
thickness of the vaginal mucosa, and further dissection is per-
formed to expose a 1.5 × 2 cm area of the inferior aspect of the 
endopelvic fascia. Care must be taken not to disrupt the underly-
ing fascial layer. It is recommended that the treatment area be 
kept as dry as possible with continuous suction, because this may 
affect eventual outcomes.

After dissection, the tip of the applicator is applied to the 
underlying endopelvic fascia with enough pressure to cause 
defl ection of the tissue. The SURx RF system is used to deliver a 
minimum of 70°C to the target tissue for a minimum of 30 
seconds to achieve the desired shrinkage and associated thera-
peutic effect. The system uses low-power (15 W) bipolar RF 
energy to produce a volume of treated tissue meeting the 70/30 
criteria (≥70°C for at least 30 seconds) for effecting shrinkage, as 
described by Chen and associates.26 The RF energy is activated, 
and application of RF energy is accomplished by drawing the RF 
device tip over the fascia in a slow, sweeping manner along the 
longitudinal axis, making sure that both tines of the applicator 
tip are equally in contact with the tissue until all exposed endo-
pelvic fascia has been treated. Care must be taken to remain 1 cm 
lateral to the urethra at all times during the procedure. Treatment 
of one side should be concluded based on aural feedback from 
the RF generator indicating that adequate thermal effect has been 
imparted to the underlying tissue on the basis of changes in 
recorded treatment impedance. Thermal effect within the tissue 
can be confi rmed by visualizing blanching and shrinkage. The 
procedure is then repeated on the contralateral side.

After delivery of the RF energy, the incisions are irrigated and 
closed, and the Foley catheter may be removed. The patient is 
transferred to the recovery suite until the anesthesia effects are 
no longer present and spontaneous voiding has occurred (usually 
2 to 4 hours). Based on clinical judgment, patients may be dis-
charged home on the day of treatment.

The technique for the laparoscopic approach is similar. Lapa-
roscopic ports should be placed according to surgeon preference 
to facilitate access to the pelvis. A combination of blunt and sharp 
dissection may be used to expose the endopelvic fascia. Treat-
ment can be delivered to the superior aspect of the endopelvic 
fascia in a manner similar to that described for the transvaginal 
approach. Care should be taken to remain 1 cm lateral to the 
urethra, which can be confi rmed by locating the Foley catheter 
so that it traverses the urethra and bladder neck. Treatment is 
typically applied to the fascia from this point at approximately 
the level of the mid-urethra to the beginning of the arcus 
tendineous.

RESULTS

Initially, two prospective investigational device exemption (IDE)-
approved clinical trials were conducted to demonstrate the safety 
and comment on the effi cacy of the RF procedure.27,28 A total of 
214 patients with genuine SUI were enrolled at 16 U.S. study 
sites; 94 (44%) underwent a laparoscopic approach, and 120 
(56%) underwent the transvaginal approach. Once access to the 
endopelvic fascia was gained, treatment was carried out bilater-
ally as previously described. Clinical effi cacy at 12-month follow-
up was assessed for both groups. Diagnosis of genuine SUI was 
based on patient history and objective demonstration of leakage 
during physical examination. All women had urethral hyper-
mobility as determined by an abnormal cotton swab test (>30 
degrees). Detrusor overactivity was excluded by cystometry. 
Patients who were taking antidepressants or α-adrenergic or 
anticholinergic medications, as well as those with grade III or IV 
anterior prolapse or other vaginal support defects, were excluded 
from analysis. Patients included in the study had had previous 
unsuccessful outcomes after at least 3 months of conservative, 
noninvasive therapies such as Kegel exercises or electrical stimu-
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lation of the pelvic fl oor. No patient was receiving any active 
incontinence therapy. Cure was described as a negative Valsalva 
test on physical examination and improvement was defi ned 
as decreased daily episodes or pad use. Results are shown in 
Table 46-1. There were no reported device-related events 
during the study time, and an excellent safety profi le was dem-
onstrated (Table 46-2). On further data assessment, two treat-
ment parameters emerged that had a signifi cant impact on 
procedure effi cacy:  the relative dryness of the surgical fi eld 
(excessive fl uid in the surgical fi eld was noted to cause energy 
dissipation and resultant superfi cial, insuffi cient treatment) and 
the continuity of thermal delivery to the treatment area (numer-
ous intermittent energy applications as a result of multiple “on/
off” cycles resulted in inadequate thermal effect in the targeted 
tissues).

Additional follow-up of the original patient cohort was under-
taken using the same measurement criteria. The average long-
term follow-up was 38 ± 3.51 months in the laparoscopic group 
and 30 ± 3.29 months in the transvaginal group. An actuarial 
survival analysis of objective and subjective outcomes from the 
6-month evaluation out to 30 ± 3.3 months is shown in Figure 
46-1.29

FUTURE DIRECTIONS

Recently, the RF concept has been explored further, and a trans-
urethral modality for the delivery of RF energy has been de-
scribed. Appell and coworkers described a system introduced by 
Novasys (Novasys Medical, Inc., Newark, CA) that consists of 
a 21-Fr transurethral RF microremodeling probe connected to 
an RF generator.30 An intravenous line carrying sterile, room-
temperature water is routed through a pump on the RF generator 

to the probe, providing irrigation to the mucosa overlying the 
submucosal treatment sites during RF delivery. The system is 
monopolar, and a standard return electrode (“grounding pad”) 
is placed on the patient and connected to the RF generator.

Cystoscopic visualization is not required. After transurethral 
passage into the bladder lumen, a balloon on the probe tip is 
insuffl ated and then palpably anchored within the bladder outlet, 
identical to positioning a Foley catheter. Four 23-gauge needle 
electrodes are simultaneously deployed, and the needletips are 
advanced through the mucosa and into the submucosa (Fig. 
46-2). RF is delivered to the four needles for 60 seconds, micro-
remodeling four submucosal tissue targets. A series of rotational 
maneuvers between periods of RF delivery should place the four 
needles in nine different positions (for a total of 9 minutes of RF 
delivery). This treatment resulted in the microremodeling of 36 
microscopic, submucosal, circumferential targets ranging from 
the bladder neck cranially, to the middle aspect of the proximal 
urethra caudally.30

This pilot study randomized 110 women to an RF treatment 
group and 63 to a sham treatment group. Improvement of 10 
points or greater on the Incontinence Quality of Life (I-QOL) 
score—a magnitude of improvement with a demonstrated 
responsiveness to patient satisfaction with treatment and to 25% 
or greater reduction in both incontinence episode frequency and 
stress pad weight—served as a subjective outcome measurement. 
Change in mean leak point pressure (LPP) served as an objective 
outcome measurement. Adverse events were recorded for each 
group. The 12-month RF safety profi le was identical to that of 
the sham group (Table 46-3). Seventy-four percent of the patients 
with moderate to severe genuine SUI experienced at least 10 
points of I-QOL score improvement after RF remodeling, com-
pared with 50% of those who underwent sham treatment (P = 
.03). Twenty-two percent of women with mild genuine SUI who 
received RF treatment reported improvement, compared with 
35% of those who received sham treatment (P = .2). Women who 
underwent RF treatment demonstrated an increase in mean LPP 
at 12 months (13.2 ±39.2 cm H2O), whereas women in the sham 
treatment group demonstrated a reduction in mean LPP at 12 
months (−2.0 ± 33.8 cm H2O) (P = .02).30

SUMMARY

Tissue responses induced by RF thermal energy are well described 
and reproducible.12,13 Acute effects include denaturation of col-
lagen fi bers, which results in loss of collagen fi bril integrity. At 1 
week, a more generalized granulation response is seen, and by 21 
days after treatment, fi broplasia and fi brosis response are pre-
dominant. By 6 weeks after treatment, the expected fi brotic 
healing response continues to progress, and infl ammatory cellu-

Table 46-1 Clinical Effi cacy of Radiofrequency Treatment

Parameter

Laparoscopic Group Transvaginal Group

Baseline 1 Year Long-term Baseline 1 Year Long-term

No. patients 94 85 61 120 96 73
Negative Valsalva test  0% 79% 71%   0% 76% 66%
Patient quality-of-life assessment   % 88% 79%    % 74% 73%
Patient uses ≤1 pad per day   % 85% 60%    % 72% 58%

Table 46-2 Summary of Reported Complications 
(% of Patients) after Radiofrequency Treatment

Complication
Laparoscopic 

Group
Transvaginal 

Group

Bladder 2 0
Cardiovascular 0 0
Pulmonary 0 0
Additional surgery 0 0
Transfusion 0 0
Retention >4 wk 0 0
Urinary tract infection 2 0
Sexual dysfunction 0 0
Postoperative urgency 1 1
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lar components are minimal.15 The fi nal histologic result is 
fi brotic tissue that replaces the elastic endopelvic fascia. This 
process shortens, stiffens, and thickens the fascia, increasing 
support of the bladder neck, and changes the collagen structure 
of the tissue. RF thermal tissue treatment has been used in der-
matology, in orthopedics, and for treatment of varicose veins.28 
The contractile response to RF energy has also been applied to 
the treatment of tissue within joints to shorten and strengthen 
tendineous ligamentous attachments.27

The endopelvic fascia may demonstrate loss of integrity that 
usually is caused by pregnancy and childbirth.31,32 However, other 
women, such as athletes, can also suffer from genuine SUI.33 Loss 

of integrity of the pelvic fl oor is manifested by bladder descensus 
with resultant urethral hypermobility during stress events, such 
as coughing or other activities that increase abdominal pressures. 
Accepted treatments that stabilize the bladder neck include 
retropubic suspension and pubovaginal sling; however, these 
procedures are associated with known complication risks. Early 
studies indicate that the RF procedure offers a safe and effective 
means to impart shrinkage of the endopelvic fascia, replacing 
elastic tissue with inelastic tissue. This shrinkage decreases the 
elasticity of the endopelvic fascia and stabilizes the proximal 
urethra and bladder neck, recapitulating the suburethral tissue 
used as a backboard for urethral closure.

The need to balance procedure “tolerability” issues with 
expectations for objectively measured effi cacy has been explored 
and validated in recent discourse31-33 and has parti cular applica-
bility when addressing the population with mild to moderate 
SUI. For this large patient group, the risks and considerations 
associated with more invasive procedures may be viewed differ-
ently than they would by those with a more advanced disease 
state. Issues such as the need for a Foley catheter or self-
catheterization postoperatively, even for a brief time after surgery, 
become salient for the patient who is considering treatment for 
mild to moderate SUI. Likewise, most of these patients may be 
unwilling to assume the restrictions on future pregnancy that 
are inherent to sling and suspension procedures. Heightened 
sensitivity to the risks of viral or prion transmission with the use 
of biomaterials may also more signifi cantly infl uence patient 
preference in cases of mild to moderate SUI.

Several aspects of the RF thermal energy approach may not 
be explicitly apparent to the patient but may contribute to the 
overall favorable risk profi le of the procedure and warrant con-
sideration by the physician. The shallow incision and dissection 
used in this procedure provides a therapeutic option for genuine 
SUI that does not involve the blind passage of needle or trocar 
devices, thereby minimizing the potential for injury to the 
bladder, bowel, and major vessels. Further, the use of thermally 
induced shrinkage to tighten the periurethral tissue inherently 
avoids the use of implanted materials to provide structural 
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Figure 46-1 Actuarial survival analysis of objective and subjective outcome measures. IEF, Incontinence episode frequency; QOL, quality of 
life.

Figure 46-2 Novasys® radio frequency device position at bladder 
neck with RF probes deployed into urethra. Transurethral approach.
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support, thereby eliminating the concerns of proper sling place-
ment and the potential for foreign material erosion in the near 
or long term.

More comprehensive studies with longer-term follow-up are 
needed to determine the true effi cacy of this relatively new treat-
ment modality; however, the RF tissue shrinkage procedure pro-

vides a compelling risk-to-benefi t profi le that is of particular 
relevance to physicians treating mild to moderate genuine SUI. 
The avoidance of permanently implanted foreign materials and 
the corresponding positive impact on procedure morbidity and 
patient lifestyle distinguish it as a uniquely conservative fi rst-line 
surgical intervention for this patient group.

Table 46-3 12-Month Adverse Event Profi le for Transurethral Approach*

Adverse Event Treatment Arm (N = 110) (%) Sham Treatment Arm (N = 63) (%) P Value

Dysuria 10 (9.1) 1 (1.6)  .06
Hematuria  1 (0.9) 0 (0) 1.0
Urinary retention  1 (0.9) 0 (0) 1.0
Urinary tract infection  5 (4.5) 3 (4.8) 1.0
Hesitancy  0 (0) 1 (1.6)  .4
Asymptomatic detrusor overactivity  2 (1.8) 4 (6.3)  .2
Dry overactive bladder  8 (7.3) 2 (3.2)  .3
Wet overactive bladder 11 (10.0) 6 (9.5) 1.0

*Figures indicate number and percentage of patients in each group.
From Appell RA, Juma S, Wells WG, et al: Transurethral radiofrequency energy collagen micro-remodeling for the treatment of female stress urinary 
incontinence. Neurourol Urodyn 25:331-336, 2006.
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Chapter 47

SURGERY FOR REFRACTORY URINARY 
INCONTINENCE: SPIRAL SLING
Arthur Mourtzinos, M. Grey Maher, Shlomo Raz, 
and Larissa V. Rodríguez

Treatment of stress urinary incontinence (SUI) caused by ure-
thral hypermobility or intrinsic sphincter defi ciency with ure-
thral sling procedures may yield success rates of up to 80% to 
90%, depending on the defi nition of success.1-5 In a minority of 
patients, however, there is persistence or worse incontinence 
after surgical therapy. Female patients with urethral incompe-
tence and severe incontinence due to multiple failed surgeries, 
neurologic injury, or congenital anomalies represent a unique 
surgical challenge. Patients with neurologic conditions may have 
sacral arc lesions with paralysis of the skeletal musculature and 
an open urethra. Other patients who have failed multiple sling 
and anti-incontinence procedures may have severe symptoms of 
SUI and an open urethra with a low Valsalva leak point pressure 
(VLPP). These patients often have an incompetent, diffi cult to 
compress urethra, most likely resulting from a combination of 
urethral denervation and violation of the periurethral fascia, as 
well as their underlying risk factors for SUI.6 These patients have 
low chances of cure after repeat anti-incontinence surgery, and 
they are more likely to suffer from complications including reten-
tion.7 In this patient population, a routine sling procedure pro-
viding only posterior support will not typically yield an appropriate 
response. Management options include placement of a “tight” 
pubovaginal sling, with the intent of putting the patient in urinary 
retention, or constructing an artifi cial urinary sphincter (AUS). 
Many of these patients are often forced to undergo bladder neck 
closure with continent catheterizable augmentation.

This chapter describes a transvaginal sling procedure in adult 
women that encircles the urethra, providing circumferential 
coaptation. The spiral sling is a salvage procedure for a small, yet 
severely affected group of female patients with a totally incom-
petent urethra. The procedure was initially described in patients 
with congenital or neurologic diseases.8 It has more recently been 
described in patients with multiple failed surgeries for SUI.9 In 
our experience, it provides better outcomes and fewer complica-
tions than the AUS.

In addition, we discuss the AUS as a treatment option for the 
female patient with urinary incontinence. The AUS is an effective 
alternative to the urethral sling for the treatment of urinary 
incontinence caused by primary urethral sphincter insuffi ciency 
(type III SUI).10 The AUS is a synthetic device that includes an 
internal cuff made of silicone rubber with Dacron reinforcement 
and is designed to provide a uniform circumferential compres-
sion on the urethra. Continence or cuff infl ation is maintained 
by continuous pressure in the cuff, which is modulated by the 
pressure balloon, which in turn is usually positioned in the pre-
vesical space. The patient manipulates a labially placed pump to 
open the cuff before voiding. The American Medical System 

(Minnetonka, MN) AS-800 is the currently used model; it may 
be implanted via a transvaginal,10,11 transabdominal,12 or laparo-
scopic transperitoneal approach.13 In this chapter, we limit our 
discussion to the transvaginal approach.

EVALUATION OF THE PATIENT

The preoperative evaluation should include a standard history 
and physical examination, radiographic evaluation, and video-
urodynamic studies. Multiple prior anti-incontinence opera-
tions, radical pelvic surgeries, orthopedic conditions, or 
neurologic disorders (myelomeningocele, sacral cord tumor, or 
peripheral neuropathy) are important historical data. A thorough 
neurologic examination of the lower extremities and perineum 
may elucidate abnormal sensory and motor responses in the 
lower lumbar and sacral cord segments. A formal pelvic examina-
tion may reveal evidence of a urethral diverticulum, abscess, or 
mesh erosion in patients with a history of an anti-incontinence 
or vaginal prolapse procedures.

Complex videourodynamic study and cystourethroscopy 
should be performed to rule out any defi nitive evidence of voiding 
dysfunction, detrusor overactivity, intrinsic sphincter defi ciency, 
or abnormal urethral and bladder pathology. Radiographic eval-
uation may include a standing voiding cystourethrogram with 
resting and straining views. In many tertiary centers, videouro-
dynamic testing is done with the patient in the sitting position. 
Cystourethroscopy can also assess bladder trabeculation and rule 
out the presence of any urethral pathology.

The patient’s clinical history of incontinence is important in 
the overall assessment; these patients typically have incontinence 
of nonresistance due to an incompetent urethra. When selecting 
patients for surgery, we do not rely solely on a low VLPP. A 
patient with clinically signifi cant incontinence (incontinence of 
nonresistance) may not always have a low VLPP.

THE SPIRAL SLING

Surgical Technique

A 1 × 15 cm, thinly woven polypropylene (Ethicon, Inc., Somer-
ville, NJ) mesh is prepared, and a 1-0 polyglactin suture is applied 
at each end. The patient is positioned and prepared in a similar 
manner as for the AUS (described later). A 16-Fr Foley catheter 
is inserted per urethra, and the bladder is emptied. A weighted 
speculum is then placed into the vagina for exposure.

469
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An Allis clamp is used to grasp the anterior vaginal wall just 
proximal to the meatus. Two parallel distal oblique incisions are 
made in the anterior vaginal wall (Fig. 47-1). One additional Allis 
clamp is placed at the distal portion of each of the oblique inci-
sions to aid in the exposure. The dissection is carried out laterally, 
over the glistening periurethral fascia, toward the ipsilateral 
shoulder. The retropubic space is entered, and a complete ure-
throlysis is performed by detaching the urethropelvic ligaments 
from the arcus tendineous fascia pelvis and freeing all retropubic 
adhesions (Fig. 47-2). The urethral dissection is started in the 
midurethral area just proximal to the pubourethral ligaments 
and carried proximally to free the rest of the urethra and the 
bladder neck. The dissection is maintained close to the perios-
teum of the pubic bone to avoid injuries to the dorsal venous 
complex, bladder, and urethra. The dorsal aspect of the urethra 
is freed from the pubis. A suburethral tunnel is created in the 
anterior vaginal wall, 1.5 cm from the urethral meatus, with a 
fi ne, right angle clamp connecting the two oblique incisions 
(Fig. 47-3A).

A Derra clamp is used to pass the 1 × 15 cm soft polypropylene 
mesh dorsally, between the urethra and the pubis. The ends of 
the mesh are crossed ventrally through the previously made 
vaginal tunnel with a right angle clamp. This maneuver creates a 
complete circle of mesh around the urethra. A suprapubic punc-
ture is made just above the symphysis. A double-pronged needle 

(Cook Urological, Inc., Spencer, IN) is passed under fi nger 
control through the fascia and retropubic space to the level of the 
oblique vaginal incision. The previously placed 1-0 polyglactin 
sutures from the polypropylene mesh are transferred to the 
suprapubic incision. This is repeated on the contralateral side. 
Cystoscopy is performed to rule out bladder or urethral 
perforation.

To ensure securing of the sling under no tension, one Allis 
clamp is placed through each vaginal incision to fi rmly hold the 
sling in place in a horizontal plane while the assistant ties the 
sutures suprapubically under no tension. The suture knots are 
located approximately 3 to 4 mm below the skin. The retropubic 
space is irrigated with Betadine solution. The vaginal incisions 
are closed with 3-0 polyglactin sutures. The suprapubic incision 
is closed with a 4-0 polyglactin subcuticular stitch. A vaginal pack 
and suprapubic dressing are applied. Drainage of the bladder is 
accomplished with either a suprapubic catheter, a urethral cath-
eter, or clean intermittent catheterization taught to the patient 
preoperatively.

Postoperatively, the vaginal pack is removed in the recovery 
room approximately 2 hours after completion of the procedure. 
Patients can be sent home on the day of the procedure if they are 
tolerating oral intake and their pain is under adequate control, 
or they may be admitted for 24-hour observation. Patients with 
a urethral catheter may be instructed to return to the offi ce for a 

Figure 47-1 Two oblique lateral incisions are made in the anterior 
vaginal wall.

Figure 47-2 The retropubic space is entered at the level of the 
mid-urethra to distal urethra using curved scissors.
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voiding trial in 5 to 7 days. In those with a suprapubic tube, the 
catheter is capped and the patient is instructed to void every 3 
hours and record the postvoid residual volume. The suprapubic 
tube is left in place for at least 1 week and is removed once post-
void residuals are less than 50 mL. The patients are discharged 
home with empiric antibiotic coverage for 5 days.

Discussion

Between August 1999 and February 2006, 93 patients underwent 
placement of a spiral sling.8 Patients with congenital or neuro-
logic diseases were initially the candidates for this procedure. 
Since March 2002, however, the technique was expanded to 
include those patients with multiple failed surgeries for SUI and 
an incompetent “lead pipe” urethra. The initial results of the 
spiral sling procedure in 47 patients with congenital and neuro-
logic anomalies were recently reported in the literature.8 Of the 
47 patients, 7 were lost to follow-up. The mean age of the remain-
ing 40 patients was 59.0 years (range, 23 to 86 years). This rep-
resented a complex cohort of patients, with 98% having failed a 
prior anti-incontinence surgery. The patients had undergone a 
mean of 2.6 previous anti-incontinence surgeries and used an 
average of 6 pads per day. There were two patients who had previ-
ous augmentation cystoplasty and were performing intermittent 
self-catheterization but had signifi cant SUI between catheteriza-

tions. All patients were considered candidates for urethral closure 
and continent diversion as a salvage procedure.8

In this group of 40 patients, the average follow-up was 12 
months (range, 6 to 37 months). There were no intraoperative 
complications. The de novo urge incontinence rate was 7.4%. Of 
the 27 patients with preoperative urge incontinence, 9 (33%) had 
resolution of their symptoms with the procedure. One of the 
patients had persistent refractory urge urinary incontinence and 
subsequently underwent a sacral neuromodulation procedure. 
No patient experienced de novo retention after the spiral sling. 
The four patients who were performing intermittent self-
catheterization preoperatively continued to do so after the pro-
cedure. There were no urethral or vaginal erosions. Overall, three 
patients underwent eventual bladder neck closure and continent 
augmentation and were considered failures.8

Patients were evaluated with self-assessment questionnaires. 
Questionnaires consisted of a validated short form of the Uro-
genital Distress Inventory (UDI-6), a standardized symptom 
questionnaire that assessed the presence or absence and fre-
quency of symptoms, and a urinary symptom-specifi c global 
quality of life (QOL) questionnaire validated for the evaluation 
of patients with benign prostatic hyperplasia.4,14 Forty patients 
were included in the analysis with a minimum of 6 months 
follow-up; 65% reported never having symptoms of SUI, and 
87% reported symptoms of SUI never or less than once per week. 

A B
Figure 47-3 The mesh is transferred under the previously created tunnel.
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On the UDI-6 questionnaire, 68% reported never being bothered 
by symptoms of SUI, and 95% reported never or rarely being 
bothered by SUI. The mean number of pads decreased from 6.0 
preoperatively to 0.9 postoperatively (P < .005). Seventy-eight 
percent of patients reported greater than 90% improvement. 
Overall, patients reported a mean improvement in symptoms of 
87% after surgery (on a scale of zero to 100%).8

The technique was recently described in 46 non-neurogenic 
patients with multiple failed surgeries for SUI.9 The mean age of 
the study population was 62 years, and the mean follow-up was 
15 months (range, 6 to 45 months). All patients had failed a prior 
anti-incontinence surgery. There were no intraoperative compli-
cations, and, postoperatively, there were no cases of permanent 
urinary retention requiring transvaginal urethrolysis. On patient-
driven subjective assessment, 49% of patients reported never 
experiencing SUI, and 72% experienced no or rare episodes of 
SUI. Overall, patients reported a mean improvement of 84%, 
with a decrease in daily pad use from 5.5 to 1.0. In addition, there 
was no statistically signifi cant difference between preoperative 
and postoperative symptoms of incomplete bladder emptying 
(P > .05).

A review of the literature for alternatives to bladder neck 
closure revealed no existing circumferential sling procedure in 
the adult population. Mingin and colleagues described a trans-
abdominal technique of a urethral sling using rectus muscle 
wrapped around the urethra for pediatric patients with congeni-
tal urethral incompetence.15 Of the 37 patients reported, 92% 
remained dry between catheterizations. The pediatric population 
is unlike our target population, because these adult patients had 
undergone approximately three anti-incontinence surgeries with 
subsequent scarring and more diffi cult coaptation. The mecha-
nism of cure of the transvaginal spiral sling is not completely 
understood. It most likely supports the midurethral segment 
while preventing urethral descent and improving pressure trans-
mission to the urethra. In addition, unlike a routine sling proce-
dure, the spiral sling also provides circumferential coaptation to 
the urethra at the time of increased intra-abdominal pressures.

ARTIFICIAL URINARY SPHINCTER: 
TRANSVAGINAL APPROACH

The AUS is no longer commonly performed worldwide for SUI 
in the female population. The need for multiple revisions, the 
short length of the female urethra as compared to that of the 
male, and the diffi culty encountered in placing an AUS in patients 
with multiple prior operations has limited its use. In this section, 
we discuss the transvaginal insertion technique and surgical 
outcomes.

Surgical Technique

The AUS is composed of three parts: the infl atable cuff, the 
pressure-regulating balloon or reservoir, and the pump (Fig. 
47-4). The cuff is placed circumferentially around the bladder 
neck, the reservoir is positioned in the prevesical space, and the 
pump is put in the labia majora. When the pump is squeezed, 
fl uid moves from the cuff to the balloon reservoir. This decom-
pression of the cuff opens the bladder neck and allows the patient 
to void. After 1 to 2 minutes, the reservoir automatically rein-
fl ates the cuff, which then reestablishes urethral coaptation and 
continence.

The advantage of the transvaginal technique is that it allows 
dissection of the urethrovaginal plane under direct vision. Pre-
operative parenteral antibiotics (gentamicin and vancomycin) 
are given before the operation. The patient is placed in high 
dorsal lithotomy position with the knee and hip at 90 degrees of 
fl exion. The lower abdomen and genitalia are prepared and 
draped in the usual sterile surgical fashion. The labia are retracted 
laterally with stay sutures. A 14-Fr Foley catheter is inserted per 
urethra, and the bladder is emptied. A weighted speculum is then 
placed into the vagina for exposure.

A vertical incision is made in the anterior vaginal wall between 
the mid-urethra and proximal bladder neck. A plane under the 
vaginal wall is created on each side of the incision with sharp 
dissection. The scissors are fi rst pointed laterally to the pubic 
ramus and then upward, toward the ipsilateral shoulder of the 
patient (Fig. 47-5). If the patient has not had a previous bladder 
neck operation, blunt fi nger dissection may be performed to 
separate the endopelvic fascia from its lateral attachments to the 
pubic ramus. Using this combination of sharp and blunt dissec-
tion, the retropubic space is then entered lateral to the bladder 
neck.

Attention is next directed to the anterior aspect of the proxi-
mal urethra or bladder neck to free its attachments from the 
overlying pubic symphysis. To achieve this, a combination of 
sharp and blunt dissection is used. Overly aggressive dissection 
may lead to an unintentional cystotomy or urethral injury. If the 
dissection of the anterior side of the urethra proves to be diffi cult 
due to dense scarring from previous retropubic operations, a 
separate suprameatal incision above the external meatus may be 
used. After the proximal urethra has been freed circumferentially, 
a Derra clamp is passed around the urethra from left to right. 
The cuff-measuring tape is grasped and passed around the urethra 
(Fig. 47-6), and the circumference of the urethra is measured. If 
the circumference is equivocal, it is best to choose a slightly larger 
size. Using a curved clamp, the appropriate size AUS cuff is 
placed around the proximal urethra (Fig. 47-7). If the pump is 
to be inserted into the right labium majoris, the cuff is withdrawn 
from right to left. The opposite is true if the pump is placed 
on the left side. After the cuff is locked in place, it is rotated 
180 degrees so that the hard-locking button lies on the anterior 

Figure 47-4 The AS-800 artifi cial urinary sphincter in the female.

Ch047-X2339.indd   472 1/31/2008   2:38:29 PM



 Chapter 47 SURGERY FOR REFRACTORY URINARY INCONTINENCE: SPIRAL SLING 473

aspect of the urethra, away from the anterior vaginal wall 
(Fig. 47-8).

On the side where the pump and balloon are to be placed, a 
4-cm transverse suprapubic incision is made and carried down 
to the fascia. The anterior rectus sheath is incised transversely, 
the prevesical space is developed bluntly adjacent to the bladder, 
and the reservoir is inserted into the prevesical space. In females, 
the 51- to 60-cm H2O pressure balloon reservoir is routinely 
used. The fascial incision is closed with a running 1-0 delayed 
absorbable suture. The cuff tubing is attached to the tubing passer 
and then withdrawn up to the suprapubic incision. From the 
suprapubic incision, a subcutaneous tunnel is created through 
which the pump will be inserted into the labium majoris. The 
pump is passed to the level of the urethra with the deactivation 
button facing anteriorly. A Babcock clamp is used to secure the 
pump in position.

The reservoir is fi lled with 22 mL of a solution composed of 
Hypaque and normal saline according to the instructions speci-
fi ed by the manufacturer. The tubings are trimmed to the appro-
priate lengths and then irrigated to remove any air or debris from 
the system. A straight Quick Connector is placed between the 
pump and the balloon reservoir. A right angle Quick Connector 
attaches the pump to the cuff. The AUS is cycled several times to 
ensure proper functioning of the system and then left in the 
deactivated position. Both wounds are irrigated copiously with 
Betadine solution and closed in multiple layers with delayed 
absorbable sutures to ensure good coverage of the prosthesis with 
healthy overlying tissue.

Figure 47-5 Using a combination of sharp and blunt dissection, the 
retropubic space is entered lateral to the bladder neck.

Figure 47-6 A Penrose drain is placed around the bladder neck to 
demonstrate the completed circumferential dissection.

A vaginal packing with Clomycin ointment is placed and then 
is removed 2 hours postoperatively. The Foley catheter is removed 
just before discharge. The patient usually voids without diffi culty 
after removal of the Foley catheter. If the patient is stable and 
pain is adequately controlled, she is discharged home on the same 
day. A prescription for a 2-week course of oral antibiotics (Kefl ex) 
and pain medication is given to each patient. The patient returns 
to the offi ce in 6 weeks for activation of the AUS.

Discussion

The AUS in the female population differs from the suburethral 
sling in that it does not provide a backboard or urethral support; 
it attempts to mimic the sphincter mechanism of the urethra with 
circumferential compression.16 The few published reports of the 
AUS implanted through the transvaginal approach described 
favorable outcomes. Appell reported a continence rate of greater 
than 90% in 19 patients with a follow-up of 3 years.10 Three 
patients required revisions for inadequate cuff compression and 
connector leak. Abbassian described a similar transvaginal tech-
nique in four patients, all of whom were dry at 14 months’ 
follow-up.17 Costa and colleagues evaluated the effi cacy of the 
AS-800 system in women using a modifi ed surgical procedure 
through an abdominal approach. Of the 190 patients with 
working devices, continence was achieved in 88.7% and 81.8% 
of those with non-neurogenic and neurogenic bladders, respec-
tively, at a mean follow-up of 3.9 years.18
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Figure 47-7 The cuff of the artifi cial urinary sphincter is passed around the bladder neck and then locked in place.
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One major disadvantage of the AUS is the risk of erosion of 
the device. Device erosion has been attributed to poor circula-
tion, low-grade infection, technical diffi culties, and shifting of the 
cuff.17 With the introduction of a newly improved cuff design and 
in situ activation-deactivation control assembly in the AS-800 
model in 1983, the incidence of mechanical malfunction dra-
matically decreased.11 However, the risk of revision surgery still 
remained high. Thomas and associates reported 12-year follow-
up in 68 patients who underwent placement of an AS-800 model 
AUS. Despite an 81% continence rate, 46% required removal or 
replacement for erosion or infection.19 They concluded by rec-
ommending an AUS for patients with SUI after failure of one 
anti-stress incontinence operation and not as a last resort.

CONCLUSIONS

The AUS is a viable alternative treatment modality for the female 
patient with a nonmobile, well supported urethra and a history 
of unsuccessful anti-incontinence operations. The advantage of 
the transvaginal approach for placement of the AUS is that it 
offers the surgeon the ability to dissect through the urethrovagi-
nal plane under direct vision. However, many patients require 
revision surgery due to malfunction, erosion, or infection of the 
device.

The spiral sling is an effective salvage transvaginal procedure 
that may be considered for a small subset of female patients with 
nonfunctional urethra as a last resort before urethral closure 
procedures. This includes patients with urethral incompetence 
caused by neurologic disease, congenital anomalies, or iatrogenic 
injury from multiple failed anti-incontinence surgeries. The 
initial outcomes look promising, but longer follow-up will better 
defi ne its role in refractory female incontinence and demonstrate 
the durability of the spiral sling.

Figure 47-8 The cuff is rotated so that the hard-locking button lies 
anterior to the urethra, away from the anterior vaginal wall.
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Chapter 48

MIXED URINARY INCONTINENCE
Karen E. Smith and Edward J. McGuire

DEFINITION AND PREVALENCE

The term mixed urinary incontinence (MUI) has been defi ned 
by the International Continence Society as a condition character-
ized by symptoms of both stress and urge incontinence, or a 
combination of leakage associated with urgency as well as with 
exertion.1 However, this is a term that can apply both to a com-
bination of incontinence symptoms and to a combination of 
urodynamic fi ndings in the same individual.

Studies have reported variable prevalence estimates for MUI 
symptomatology, ranging historically from 30% to 50%.2 Accord-
ing to the more recent National Overactive Bladder Evaluation 
(NOBLE) study, which relied on census data from the year 2000, 
approximately one third (34.4%) of the 14.8 million women with 
urinary incontinence were defi ned as having MUI.3 Mixed 
symptoms appear to be more prevalent in clinical-based than in 
population-based epidemiologic studies.4 Sandvik and colleagues5 
summarized eight articles and demonstrated that as many as 61% 
of incontinent women reported MUI. In contrast, Hampel and 
associates6 reported that 29% of women with incontinence had 
MUI, based on the average prevalence from 21 epidemiologic 
studies.

It is well recognized that incontinence symptoms poorly 
predict the true etiology of an individual patient’s incontinence. 
Several studies have demonstrated that mixed symptoms are 
much more common than mixed conditions.7 Cardozo and 
Stanton8 reported that, of those patients presenting with MUI 
symptoms, more than 50% had only stress urinary incontinence 
(SUI) and approximately 40% had only detrusor instability as 
seen on urodynamics. Sandvik and colleagues5 found that, of the 
46% of patients presenting with MUI symptoms, only 44% were 
diagnosed with a mixed condition. This trend was also demon-
strated by a sample of 950 incontinent women evaluated at Duke 
University: 52% presented with mixed symptoms, but only 14% 
had mixed conditions.9

Several studies have attempted to defi ne MUI using fi ndings 
seen on urodynamics, namely the coexistence of SUI and detru-
sor overactivity. Prevalence of MUI in urodynamic studies ranges 
from 36% to 56% of patients. However, the characteristics of 
these groups have often not been clearly defi ned, and therefore 
these studies have comprised patients with many different 
pathologic processes, most likely including those with abnormal 
compliance.10 Furthermore, 50% of patients with motor urge 
incontinence can have a normal cystometrogram (CMG),11,12 
whereas normal patients can exhibit uninhibited bladder con-
tractions of unknown signifi cance on CMG. Therefore, the true 
prevalence of MUI as defi ned by urodynamics is diffi cult to 
estimate.

The condition known as MUI has historically lacked a unifi ed 
defi nition. The symptom complex itself has not been well defi ned. 
Specifi cally, there are those with both urge and stress inconti-

nence, often referred to as overactive bladder (OAB) or wet 
OAB, and those with stress incontinence plus urge symptoms 
but without urge incontinence, called dry OAB.13 Furthermore, 
because some studies have been based on symptoms and others 
have been based on urodynamic fi ndings, meaningful com parison 
of the results of different studies is often diffi cult. Given the 
lack of a strict universal defi nition, as well as the limitations 
of any urodynamic study, the quoted prevalence of MUI is pro-
bably inaccurate, and the true prevalence is almost impossible to 
determine.

IMPLICATIONS OF MIXED URINARY INCONTINENCE

Several studies have shown that women with MUI symptoms 
typically report more severe incontinence than do women with 
either SUI or urinary urge incontinence (UUI) alone. In the 
Norwegian Epidemiology of Incontinence in the County of 
Nord-Trondelag (EPINCONT) study,14 “severe incontinence,” as 
defi ned by validated instruments, was seen in 38% of women 
with MUI, compared with 28% of those with UUI and 17% of 
those with SUI. Furthermore, more women with MUI (47%) 
were bothered by their incontinence, compared to women with 
UUI (36%) or SUI (24%). Bump and coworkers4 conducted a 
secondary analysis of data from the duloxetine study group and 
found that the 171 women (31%) with baseline MUI complained 
of more severe urinary incontinence than did those with SUI.

The negative personal impact of MUI on patients with this 
condition appears to be signifi cant. Coyne and associates15 sought 
to examine the impact of urinary incontinence on health-related 
quality of life (HRQOL). A case-control study of 171 incontinent 
women showed that respondents with UUI or MUI reported not 
only signifi cantly greater ratings of urinary urge intensity and 
more incontinence episodes, but also signifi cantly worse HRQOL, 
compared to patients with isolated SUI.

ETIOLOGY

Before being able to critically evaluate the theories proposed to 
explain the etiology of MUI, it is important to note the following 
facts, some of which may seem counterintuitive. First, of those 
women with SUI who also complain of urgency, frequency, and/
or urge incontinence, 50% to 75% of them are cured of their urge 
symptomatology by surgery for SUI.16-23 Furthermore, overall 
cure rates are poor for those patients with MUI treated with 
anticholinergics alone.19,24 Several theories have addressed the 
potential causes of mixed symptomatology, although not all of 
them can reconcile these facts.

One theory is that MUI is the result of a patient’s having two 
separate conditions. The greater perceived severity of MUI is 
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attributed to the additive effects of the two conditions being more 
severe and bothersome than the effect of a single condition.4 
However, this would not explain the poor response rates of anti-
cholinergics in these patients or the fact that surgery may cure 
most of these symptoms.

An alternative explanation is that mixed symptoms are a result 
of more severe incontinence rather than the presence of two 
conditions.4 As stated previously, women with more severe 
incontinence are more likely to report mixed symptoms. In the 
study by Bump and associates,4 as the severity of incontinence 
improved during treatment, mixed symptoms resolved. Further-
more, in patients with severe SUI, the bladder may never com-
pletely fi ll, thereby leading to an essentially defunctionalized 
bladder and concomitant urge symptomatology. Severity of 
incontinence causing a mixed symptom complex is perhaps a 
reason for resolution of these symptoms once a successful anti-
incontinence surgery is completed.

Others suggest that these symptoms may be the result of a 
behavioral adaptation in the woman with SUI. For instance, the 
patient may empty her bladder more frequently in an attempt to 
reduce stress-induced leakage and therefore induce symptoms of 
frequency and urgency.25 These symptoms may represent a false 
interpretation of impending stress-induced leakage. The patient 
rushes to the toilet to protect herself from stress-induced leakage 
at the perception of the fi rst or normal desire, which may result 
in a learned behavior that the patient develops and reinforces 
over time. These patients are seen as having SUI with “pseudo-
urgency syndrome.”26

Other theories have lent support to an actual link between SUI 
and detrusor overactivity. One such theory is that, in patients 
with SUI, traction on or stretching of the pelvic nerves as a result 
of poor pelvic fl oor support and severe urethral hypermobility 
causes this symptom complex.19 When the bladder neck is stabi-
lized to prevent this stretching, both SUI and UUI are corrected. 
A solid experimental background has suggested a link between 
the pelvic fl oor, pudendal innervation, and detrusor inhibition. 
Artibani27 suggested that decreased inhibition from the pelvic 
fl oor or the urethra, caused by pelvic fl oor or urethral defi ciency, 
can lead to increased efferent activity and subsequent detrusor 
overactivity. In his opinion, the best support for this hypothesis 
is given by the positive clinical results of pelvic fl oor electrical 
stimulation and rehabilitation.

Mahoney and colleagues28 proposed that “micturition refl ex 
instability” may result from malfunction of the detrusor refl ex or 
instability of the pudendal nucleus, which innervates the pelvic 
fl oor muscles and external sphincter. He proposed that detrusor 
instability is the result of hyperexcitability of the sacral micturi-
tion refl ex center, due to either its underinhibition or overfacili-
tation. Pathologic relaxation and weakness of the striated muscles 
of the pelvic fl oor and perineum can result in underactivity of 
the perineodetrusor inhibitory refl ex, causing underinhibition of 
the sacral micturition refl ex center, and may predispose a patient 
to detrusor instability.

Other scientists, who support a correlation between urethral 
afferents and the micturition refl ex, suggest that it is rather urine 
entering the proximal urethra that stimulates the urethral affer-
ents and therefore the voiding refl ex.29 It is widely held that ure-
thral relaxation occurs in the initial phase of micturition. In the 
healthy adult, urine enters the urethra only during micturition. 
However, urine is present in the urethra in patients with SUI 
because of poor pelvic support and/or sphincteric defi ciency. It 
is proposed that the entry of urine into the proximal urethra 

could act as a stimulus to potentiate or even initiate a detrusor 
contraction.29

Urethral instability, as seen as fl uctuations in urethral pres-
sure, is evidenced in women with detrusor instability. In one 
study, urethral instability was reported to have occurred in 42% 
of patients with detrusor instability and was associated with the 
sequence of urethral relaxation before an unprovoked contrac-
tion.30 In a report by Low,31 bladder and urethral pressures were 
simultaneously measured during bladder fi lling in 77 women 
with idiopathic detrusor instability. Low found that 85% of 
patients developed urethral relaxation 5 seconds before detrusor 
contraction. He concluded that the involuntary detrusor contrac-
tions were preceded by a fall in urethral pressure, similar to that 
observed in normal voiding. Hindmarsh and coworkers32 also 
demonstrated urethral relaxation preceding detrusor contrac-
tions in a series of patients with detrusor instability, not only 
supporting the concept that urethral instability can be associated 
with unstable bladder contractions but also suggesting that detru-
sor instability may be initiated from the bladder outlet region or 
proximal urethra.

Mahony and colleagues33 described two urethrodetrusor 
refl exes that could increase the excitability of the micturition 
refl ex and trigger a detrusor contraction when activated by urine 
fl ow across urethral mucosa. The theory that urine or fl uid in 
the posterior urethra could result in a detrusor contraction has 
been supported by several animal models. As early as 1931, 
Barrington34 reported that running water through the urethra or 
distending the proximal urethra in the cat caused contraction 
of the detrusor. Also using the cat model, Kiruluta and col-
leagues35 noted that urethral perfusion triggered spontaneous 
bladder contractions of such intensity that bladder fi lling was not 
possible. More recently, Jung and associates29 sought experimen-
tal support for the hypothesis that stimulation of urethral afferent 
nerves can induce refl ex detrusor contractions. By measuring 
urethral perfusion pressure and isovolumetric bladder pressure 
with catheters inserted through the bladder dome of female rats, 
they demonstrated that fl uid passing though the urethra can 
result in activation of the mechanosensitive urethral afferents, 
which can in turn increase the excitability of the micturition 
refl ex.

Therefore, in patients with SUI, leakage of urine into the 
proximal urethra may stimulate urethral afferents and facilitate 
the voiding refl ex. This would imply that SUI can induce and/or 
increase detrusor instability. There is little direct support for this 
theory in humans,4,36 and some believe that the effect may be 
species specifi c. However, the fact that this phenomenon has not 
been demonstrated convincingly in humans may be a result of 
study design. For example, although Sutherst and Brown36 did 
not detect such facilitatory refl exes in the human, they believed 
that the transurethral catheter might have interfered with the 
activation of afferent receptors that respond to fl ow through the 
urethra. Furthermore, not all women with MUI symptoms 
have both urodynamically proven SUI and detrusor instability. 
Absence of urodynamic “proof ” may be a result of an inhibitory 
effect of the patient during the study.

In short, it is likely that women with MUI symptoms have SUI 
as their primary problem and that detrusor overactivity results 
secondarily when urethrodetrusor facilitative refl exes are acti-
vated, either because an incompetent bladder neck allows urine 
to enter into the proximal urethra during physical activity or 
because of traction on the pelvic nerves due to a weakened pelvic 
fl oor.
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IMPORTANCE OF URODYNAMICS

An accurate diagnosis is essential for effective treatment of the 
incontinent patient. Although a detailed history is important, 
symptoms alone are often a poor guide to a fi nal diagnosis. The 
urologist is therefore encouraged to rely on a combination of 
symptoms, physical fi ndings, and objective testing. In addition 
to a routine evaluation, secondary testing in patients with mixed 
symptomatology should include urine cytology and cystoure-
throscopy to rule out pathologic conditions of the bladder, espe-
cially carcinoma in situ.

Urodynamic evaluation is integral in determining the true 
underlying etiology of a patient’s incontinence, especially in the 
patient with mixed symptomatology. Videourodynamic evalua-
tion, which combines the use of fl uoroscopy with measurement 
of bladder and urethral pressures, allows simultaneous evalua-
tion of structure and function and is the preferred method.37

The most important reason to perform videourodynamic 
studies in a patient with MUI is to rule out poor bladder compli-
ance. A high-pressure or poorly compliant bladder poses signifi -
cant risk to ureteral and renal function. It can be caused by a 
number of conditions, including neurologic conditions, pro-
longed catheter drainage, radiation therapy, prior pelvic or ure-
thral surgery, interstitial cystitis, and obstructive uropathy. If 
there is suspicion of altered bladder compliance in any inconti-
nent patient, that patient should undergo urodynamic testing to 
determine the condition of the bladder’s storage function. Poor 
compliance adversely infl uences the outcome of any procedure 
done to increase bladder outlet resistance and could create a situ-
ation in which the upper tracts are at risk from high bladder 
pressures. Fortunately, urodynamic testing is accurate and sensi-
tive in the diagnosis of poor compliance.

CONSERVATIVE THERAPY

Anticholinergics

There is a paucity of data specifi cally addressing anticholinergic 
therapy in patients with MUI, and the results have historically 
been less than optimal. In patients with MUI, anticholinergic 
therapy has been associated with signifi cant resolution of the urge 
component symptoms in only 50% to 60% of patients, while not 
improving the stress component.19,26 Patients report poor satis-
faction because of poor response, side effects, and need for con-
tinuous treatment.26 Poor response has been thought to be 
secondary to the fact that the SUI component is not addressed 
with medical therapy.26

More recently, Kreder and colleagues38 compared the effi cacy 
of Tolterodine in those with urge-predominant MUI versus UUI 
in a single-blind, multicenter trial. They found a 67% and 75% 
decrease in incontinence episodes in the MUI and UUI groups, 
respectively, with a “dry rate” of 39% and 44% in the two groups, 
respectively. There were no signifi cant intergroup differences 
in success rates. The Mixed Incontinence Effective Research 
Investigating Tolterodine (MERIT) study, a multinational, 
double-blind, placebo-controlled trial, examined the effi cacy of 
antimuscarinic therapy in patients with urge-predominant 
MUI.39 In total, 854 patients MUI were studied, with 634 (74.5%) 
reporting UUI as their initial symptom. After 8 weeks of treat-
ment, 76% in the drug group reported improvement, compared 
with 53% in the placebo group. There was no difference in 

response of those who experienced UUI as their initial symptom 
compared with those who noted SUI fi rst in this study.

Several studies have directly compared surgery to drug therapy 
for patients with MUI. Karram and Bhatia treated 52 patients 
with MUI with either Burch colposuspension or medical therapy. 
They found no signifi cant difference in cure rate between the two 
groups, and their recommendation was primary medical treat-
ment for patients with MUI.18 A more recent prospective, ran-
domized study by Osman compared patients with MUI and a 
normal CMG undergoing surgery to those undergoing treatment 
with anticholinergic therapy.26 One third of patients received a 
6-month course of an anticholinergic, whereas the remaining 
patients underwent surgery for SUI. In the surgery group, patients 
underwent either a Burch colposuspension or pubovaginal sling 
placement, depending on their Valsalva leak point pressure. A 
group of 20 patients with pure SUI were also used as a control. 
No patient in the drug group became dry. In contrast, among 
those who underwent surgery for SUI, 87% in the Burch group 
and 83% in the pubovagainal sling group were both stress and 
urge continent after surgery. After therapy, persistent UUI was 
seen in 43% of patients who received anticholinergic therapy 
compared to 13% and 12% of those in the Burch and sling 
groups, respectively.

Behavioral Therapy, Biofeedback, and 
Pelvic Floor Rehabilitation

Behavioral therapies such as timed voiding, avoidance of bladder 
irritants, and bladder retraining have been used with some success 
in patients with both SUI and UUI. Additionally, pelvic fl oor 
electrical stimulation or biofeedback has been used successfully 
in both UUI and SUI, with excellent success rates and high levels 
of patient satisfaction.40 Several studies have investigated the 
response of pelvic fl oor stimulation in patients with MUI specifi -
cally. Sand41 found a greater than 50% improvement in approxi-
mately 38% of subjects, with 8% being completely dry after 8 
weeks of treatment. In this study, symptoms of urgency, fre-
quency, and stress incontinence improved signifi cantly, whereas 
symptoms of UUI remained relatively stable. Bent and col-
leagues42 reported a 52% success rate in patients with MUI, 
whereas Caputo and associates43 reported a 70% response rate in 
these patients. Siegel and coworkers40 studied patients with both 
UUI and MUI undergoing 20 weeks of pelvic fl oor electrical 
stimulation, either daily or every other day. Treatment resulted 
in signifi cantly lower urge and stress leakage, with decrease in 
urge episodes and total number of voids and improvement in 
quality-of-life measures. Overall, 72% of patients were satisfi ed 
with their therapy.

When compared directly to drug therapy, electrical stimula-
tion has been shown to have better results and higher patient 
satisfaction. Goode44 studied 197 women with UUI or MUI in a 
randomized controlled trial comparing biofeedback-assisted 
behavioral treatment with anticholinergics and placebo. The bio-
feedback group demonstrated the best results, with an 80% 
decrease in incontinence episodes, 78% of patients being “com-
pletely satisfi ed”, and 97% wanting to continue treatment. A 
modifi ed crossover trial was conducted, which showed that com-
bination treatment is more effective than monotherapy with 
either drug or biofeedback alone, a fi nding supported by other 
studies.40,41,45

In short, treatment of patients with MUI can be challenging 
and should be tailored to the individual. In those patients with 
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MUI, it is wise to direct treatment at the dominant symptom fi rst. 
When in doubt, it is most reasonable to proceed with conserva-
tive treatment of the urge component before consideration of 
surgical therapy for SUI.2 In that small proportion of patients 
whose symptoms may be improved enough with drug therapy 
alone, surgery may be prevented.

SURGICAL TREATMENT

As stated previously, as many as 75% of women with MUI are 
cured of their urge component by surgery aimed at correcting 
their SUI. These encouraging results were demonstrated in several 
studies and seem to hold regardless of the actual procedure per-
formed. Improvement of urge symptoms by providing support 
for the bladder neck can be seen in studies in which support was 
achieved by temporary, nonsurgical means. For example, Kondo 
and coworkers reported that, in a group of 20 women with symp-
toms of MUI, 85% had an improvement of 50% or better with 
the use of a bladder-neck support prosthesis.46

To date, few studies have specifi cally addressed the resolution 
of urge symptomatology in MUI patients undergoing a Burch 
colposuspension. Scotti and colleagues47 evaluated 46 patients 
with both mixed symptoms and urodynamically diagnosed 
genuine SUI and detrusor instability who underwent a Burch 
colposuspension. The study demonstrated an overall resolution 
of urge incontinence in 56.5% of patients. More recently, Osman26 
demonstrated resolution of urge incontinence in 87% of patients 
with MUI and a normal CMG who had undergone a Burch col-
posuspension. Langer and colleagues48 evaluated 127 women 
who underwent a Burch colposuspension, of whom 33% had 
preoperative urge incontinence and 55% had urgency.  Only 9% 
of the patients with preoperative urge incontinence still had this 
complaint at 1 year after surgery, whereas 25% of those patients 
with preoperative urgency still complained of this postopera-
tively at 1 year.

Serels and colleagues19 evaluated 36 patients with urodynami-
cally diagnosed Valsalva-induced detrusor instability who under-
went various types of pubovaginal sling procedures, including in 
situ vaginal wall sling, free swing vaginal wall slings, rectus fascia 
slings, cadaveric fascia slings, and synthetic slings. Preoperatively, 
21 patients (58%) had MUI. Cure of SUI was achieved in 92% 
of these patients, and 75% demonstrated resolution of their urge 
incontinence.

McGuire and Lyton16 and Fulford and colleagues20 both 
reported resolution of urge symptomatology in 69% of patients 
after pubovaginal sling, and 74% of patients in a study by Morgan 
and associates21 had resolution. Osman26 reported resolution of 
urge incontinence in 83% of their patients who had undergone 
a pubovaginal sling procedure.

The tension-free vaginal tape (TVT) procedure is a relatively 
new suburethral sling procedure, fi rst described in 1996. To date, 
few studies have evaluated the effect of the TVT on patients with 
MUI. Segal and colleagues49 reviewed outcomes of 98 patients 
with pure SUI and MUI who underwent a TVT procedure. After 
TVT, 63.1% of those with preoperative UUI had resolution; 
57.3% of those with preoperative urgency, frequency, and noc-
turia had resolution of symptoms; and 57.7% of those who used 
anticholinergics preoperatively no longer needed to do so.

The transobturator (TOT) tape procedure was fi rst described 
in 2001 by Delorme as the newest minimally invasive suburethral 
sling procedure. Long-term studies are not available at this point. 

However, in his original article published in 2004, Delorme50 
described outcomes of 32 incontinent patients who underwent 
TOT, 18 of whom had MUI, with a minimum of 1 year follow-
up. Among the 18 patients with preoperative MUI, 10 (55%) had 
either resolution or improvement in their urge component, 7 
(39%) had no change in their symptoms, and 1 (5%) reported 
worsening of urge symptoms. There are currently no studies 
examining the use of collagen injections specifi cally in patients 
with MUI.

Voiding Dysfunction after Anti-incontinence Surgery

Up to 40% of patients develop voiding dysfunction after anti-
incontinence surgery.51 There is no good method to identify with 
certainty preoperatively who will have persistent, worsened, 
or new-onset symptoms.25,49 Voiding disorders addressed here 
include urethral obstruction, de novo urgency and urge inconti-
nence, and persistent or worsening urgency in patients with pre-
operative urge symptoms.

Urethral obstruction is an uncommon but disturbing compli-
cation of anti-incontinence surgery, the incidence of which is 
reported to be 1% to 11% in the literature.52,53 Patients with 
voiding dysfunction due to urethral obstruction usually present 
with new-onset urgency or urge incontinence and incomplete 
bladder emptying, which is suggested by an elevated postvoid 
residual volume. A complete workup is warranted but may be 
inconclusive, because obstruction may be present even in the face 
of normal emptying. It can be diffi cult in certain cases to differ-
entiate among obstructive symptoms, new urge symptoms, and 
worsening of urge symptoms in the patient with preoperative 
MUI.

De novo urge syndrome implies the development of new 
symptoms of frequency, nocturia, urgency, and/or urge inconti-
nence after surgery for SUI. Most series report that 7% to 15% 
of patients develop de novo urge symptoms,12 with some re-
porting this phenomenon in up to 30% of patients after 
anti-incontinence surgery.49,54 Specifi cally, de novo detrusor 
overactivity has been cited to occur in 5% to 32% of patients after 
a retropubic suspension, in 11% after a needle suspension, and 
in 3% to 24% after pubovaginal sling procedures,53 with a few 
studies citing irritative bladder symptoms in up to 50% of those 
undergoing suburethral sling procedures.49 De novo detrusor 
overactivity is seen in 6% to 15%49 of patients undergoing a TVT. 
Segal and colleagues49 reviewed outcomes of 98 patients with 
pure SUI or MUI who underwent a TVT procedure. Postopera-
tively, de novo urge incontinence symptoms developed in 9.1% 
and de novo urgency in 4.3%. In a recent study by Nilsson and 
associates,55 which looked at 7-year follow-up data on patients 
undergoing TVT, de novo urge symptoms were present in 6.3% 
of patients. The two studies published on outcomes of TOT to 
date cited de novo urgency occurring in 2 (14%) of patients, in 
Delorme’s study,50 and in 0.8% of patients, in a more recent study 
by Spinosa and colleagues.56 It has been suggested that de novo 
irritative voiding symptoms may be more bothersome to the 
patient than the original SUI.

Persistent or worsening urge symptomatology in patients with 
preoperative urge symptomatology can also occur. Historically, 
it is estimated that 25% of patients who had these symptoms 
preoperatively still have them postoperatively.12 However, the 
prevalence of this symptom may be even higher than previously 
thought. A meta-analysis of several hundred articles in the litera-
ture was done by the Female Stress Urinary Incontinence Clinical 
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Guidelines Panel,53 which looked at probability estimates for 
treatment complications, including the presence of urinary 
urgency, after surgery for SUI. They found that, for retropubic 
suspensions, 66% of patients with urgency and detrusor instabil-
ity preoperatively had persistent postoperative urgency, whereas 
36% of patients with urgency and no detrusor instability preop-
eratively had persistent postoperative urgency. For sling proce-
dures, 46% of patients with urgency and detrusor instability 
preoperatively had persistent postoperative urgency, compared 
with 34% of patients with urgency and no detrusor instability 
preoperatively. In general, if urgency and detrusor instability are 
present preoperatively, there is a signifi cant risk that these symp-
toms will persist postoperatively, and the prevalence may be 
higher than previously thought. It is also clear that patients with 
persistent UUI after pubovaginal sling placement have the lowest 
degree of satisfaction with the procedure.21

Etiology

Many have questioned the exact causes of de novo urge/UUI and 
persistent urge symptomatology after anti-incontinence surgery, 
and several different theories exist.

Some have suggested that de novo urge/UUI and/or worsen-
ing of urge symptoms may be caused by obstruction.57 The ques-
tion of whether normal voiding physiology and function are 
altered by surgery has been the subject of much debate. The 
potential physiologic changes in voiding function that might 
occur after a particular outlet-enhancing procedure are not 
entirely understood. Some studies suggest that successful anti-
incontinence procedures can normally result in an increase in 
urethral resistance during voiding, suggesting obstruction,58-60 
but others have not demonstrated this phenomenon.61,62 Because 
some patients with postoperative de novo UUI are indeed clini-
cally obstructed, one must maintain a high index of suspicion for 
obstruction in any patient with de novo urge syndrome after 
surgery.

Osman26 suggested that the pathogenesis of preoperative urge 
symptomatology may not be the same as that of persistent or 
residual symptoms after surgery, and that persistent symptoms 
may be related to outlet obstruction. In their study, those patients 
who had persistent symptoms of UUI after surgery had a signifi -
cant decrease in their maximum fl ow rate on urofl owmetry, a 
fi nding that was not seen in those who were cured of their UUI. 
They concluded that residual urgency after surgery may be caused 
by iatrogenic relative obstruction.

Another possibility for the development of new postoperative 
urge symptoms is that the symptoms may have actually been 
present preoperatively. Patients may have had prior MUI symp-
toms, with symptoms of urge and/or UUI that were minimized 
preoperatively by their stress component. Once the SUI was cor-
rected, urge symptoms may have become more prominent and 
bothersome.

Others argue that patients with SUI, who may have denerva-
tion of the pelvic fl oor, suffer more injury to the autonomic 
nerves of the bladder, bladder neck, and urethra from dissection 
during anti-incontinence surgery.61 Further denervation is 
thought to cause detrusor supersensitivity and overactivity. There 
is some evidence against this, however. For instance, the TVT is 
placed without tension at the level of the mid-urethra, with no 
signifi cant dissection in this area. It should therefore result in a 
lower rate of voiding dysfunction. However, as previously stated, 
up to 15% of patients undergoing TVT develop de novo urge 

symptoms, suggesting that there is an alternate explanation for 
these symptoms. Also, the Ingleman-Sundberg procedure, a rela-
tively underused surgical therapy for severe, intractable motor 
urge incontinence, consists of transvaginal dissection of the peri-
vesical fascia from the area of the trigone, including purposeful 
division of the terminal branches of the pelvic nerves. In a study 
by Westney and associates,63 long-term cure or improvement was 
seen in 68% of patients who underwent this procedure.

In patients with severe intrinsic sphincteric defi ciency and 
resultant bladder defunctionalization, the sudden ability to store 
urine may cause new symptoms of urgency. Furthermore, symp-
toms in the immediate postoperative period may be due in part 
to surgically induced infl ammation and edema. In most of these 
cases, symptoms resolve with nonsurgical measures, such as anti-
cholinergic medications and timed voiding. In Serels’ study19 of 
patients undergoing pubovaginal sling procedures, 5 (24%) of 21 
patients had persistent UUI postoperatively, and an additional 8 
had persistent urgency. All patients with urge and UUI were 
improved or cured with anticholinergics. In a study by Cross and 
colleagues,22 of the 26 patients (19%) with de novo urgency/UUI, 
all but 4 had resolution of their symptoms within 3 months. 
These 4 patients (3%) with persistent UUI had ultimate resolu-
tion of symptoms with medication and timed voiding.

Finally, some argue that urge symptoms may not resolve after 
surgery because the repair aimed at fi xing their SUI incontinence 
has failed. Fulford and colleagues,20 who reported persistent urge 
in 31% of their patients, attributed these symptoms to failure to 
achieve bladder neck closure at rest.

CONTROVERSIES CONCERNING PREDICTORS OF 
POOR OUTCOMES

As previously stated, the postoperative course of urge symptom-
atology in patients with MUI is unpredictable. Several studies 
over the years have attempted to describe preoperative predictors 
of poor outcomes. We address here the more common contro-
versies surrounding surgical therapy in patients with MUI.

Does the Presence of an Urge Component Predict Failure 
of an Anti-incontinence Procedure?

In several studies in the 1970s, an unexpectedly high incidence 
of detrusor instability was found in women who failed surgical 
procedures for SUI.64 Other studies tended to confi rm these early 
fi ndings, and a general feeling that detrusor instability was the 
major reason for failure of these operations to cure SUI emerged. 
For example, in a study by Karram and Bhatia18 of patients with 
MUI undergoing Burch colposuspension, all failures in the surgi-
cal group were thought to be due to persistent detrusor instabil-
ity. The authors recommended medical over surgical therapy for 
patients with MUI. This in turn led to efforts to treat detrusor 
control problems in women presenting with symptomatic SUI 
with conservative measures, which, as previously stated, did not 
yield very promising results.

This fi nding was not supported by later studies. Columbo and 
colleagues65 studied 44 women with MUI who underwent a Burch 
colposuspension, compared with matched controls with pure 
SUI. At 2 years, the cure rate for SUI was 75%, compared with 
95% in the control group; however, there were no obvious fi nd-
ings on urodynamics that could explain this discrepancy. In fact, 
most failures were due to inadequate urethral support. The 
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authors did not fi nd any preoperative CMG parameter that pre-
dicted outcome in their study. Alcalay and associates66 studied 
late outcomes after colposuspension operations and noted that 
detrusor instability identifi ed preoperatively had no infl uence on 
outcome at 10 to 20 years.

In a recent study by Chou and coworkers,67 which compared 
patients with pure SUI and MUI undergoing pubovaginal sling 
placement, cure rates for SUI were similar, with 97% in SUI 
group and 93% in the MUI group being cured. However, those 
patients with MUI who failed or who were merely improved had 
greater urgency and UUI episodes preoperatively. Univariate 
analysis of MUI cases showed that the higher the number of 
urgency or UUI episodes preoperatively, the more likely it was 
that the pubovaginal sling would fail.

So, the literature has been divided on this topic. As previously 
discussed, defi nitions of MUI have varied widely, with some 
studies using strict urodynamic defi nitions for MUI. We know 
that as many as 50% of patients with UUI do not demonstrate 
an unstable detrusor contraction on CMG, leading us to assume 
with relative certainty that patients with symptoms of UUI and 
a negative CMG have the same condition as those with a positive 
CMG. This creates an obvious bias and obscures the true effect 
of MUI on outcomes, because we are not able to prove with any 
certainty which patients may have been selected to be in the 
“wrong” group. In short, we do not believe that presence of a 
positive CMG has a bearing on the success of a procedure done 
for SUI, and therefore its presence should not be used as a factor 
to exclude patients from surgical treatment.

What Factors Predict Persistent Urgency/Urge 
Incontinence or Resolution of Symptoms?

To date, published series designed to identify risk factors for 
persistent postoperative urgency have been contradictory. In 
short, currently no consistent preoperative risk factor has been 
identifi ed that predicts either resolution or persistence of urge 
symptomatology.

There has been historical controversy surrounding the ques-
tion of whether preoperative UUI is a predictor of persistent urge 
symptoms in patients with MUI who undergo surgery for SUI. 
Furthermore, it had been suggested that the presence of urody-
namically proven detrusor instability predicts persistent symp-
toms. In a study by Chaikin and colleagues,68 the presence of UUI 
preoperatively was a risk factor for persistent UUI after 10 years 
of follow-up in 41% of patients who underwent a pubovaginal 
sling procedure.

Some studies have suggested that high pressure motor urge, 
or detrusor instability as seen on urodynamics, compared to low 
pressure motor urge, is a risk factor for persistent urge and/or 
UUI. These results were seen in patients who underwent anterior 
vaginal repair in a study by Jorgensen and associates69 and in 
patients treated with retropubic bladder neck suspensions in a 
study by Lockhart and colleagues.70 This fi nding was also dem-
onstrated in a series of patients who underwent pubovaginal 
slings by Schrepferman and associates.71

Several others also did not fi nd any preoperative or clinical 
variable predictive of outcome and disputed the use of pre-
operative urodynamics to predict resolution of urge/UUI post-
operatively. McGuire and Savastano72 demonstrated that women 
with demonstrable detrusor instability did no better or worse 
than those with detrusor instability diagnosed only by history. 

Demarco and colleagues73 also noted that CMG had no predictive 
value in determining postoperative outcome in patients who 
underwent pubovaginal sling procedures.

Other studies have focused on the predominant symptom or 
timing of symptoms in patients with preoperative MUI in pre-
dicting persistence of urge symptoms postoperatively. Studies 
have demonstrated that, if the stress symptoms predominate and 
SUI is objectively demonstrated, surgical repair alleviates urge 
symptoms in most patients.2 However, if urge symptoms pre-
dominate, or if the degree of SUI seems minimal in comparison 
with the severity of the urge symptoms, repair of the SUI may 
not be helpful at all and may even intensify the patient’s symp-
toms.74 Scotti and coworkers47 studied 46 women with both 
symptoms and urodynamic fi ndings of MUI who underwent 
Burch colposuspension. They found that UUI resolved with 
surgery in 78.6% of those in whom the stress component pre-
ceded the urge component by history, compared with only 22.2% 
of those in whom the urge component preceded the stress 
component.

What Factors Predict Development of De Novo Urgency/
Urge Incontinence?

Others have attempted to predict preoperatively who may develop 
de novo urge/UUI. The presence of isolated detrusor instability 
on preoperative urodynamics has not been shown to predict 
development of de novo urgency.75 In a study by Morgan and 
colleague21 of 247 patients who underwent pubovaginal sling 
placement, there was no variable that predicted the development 
of de novo urgency with or without incontinence. Overall, no 
preoperative urodynamic parameter has been found to signifi -
cantly correlate with development of new urge/UUI.

EVALUATION OF POSTOPERATIVE 
VOIDING DYSFUNCTION

When evaluating a patient with de novo or worsening urge/UUI 
symptoms, it is imperative to rule out urinary retention. This can 
be done with a simple postvoid residual volume measurement. 
Once retention has been ruled out, it is suggested to wait at least 
6 weeks before undertaking a complete formal evaluation, because 
residual symptoms may be a normal consequence of the healing 
process. Most cases resolve with nonsurgical measures, such as 
anticholinergic medications and timed voiding.

A careful history is important, because urge symptomatology 
may have been present preoperatively but downplayed due to 
severe SUI symptoms. A temporal relationship between the onset 
of symptoms and the anti-incontinence procedure is integral to 
diagnosing urethral obstruction but may be less clear in a patient 
with preoperative urge symptoms, as in the patient with MUI. 
Information on whether retention was present postoperatively 
and for how long may suggest an obstructive picture. Obstructive 
symptoms, such as a slow, dribbling stream, straining to void, 
needing to lean over or back to void, hesitancy, intermittency, 
and sensation of incomplete emptying, are often present along 
with irritative symptoms.

As previously stated, an elevated postvoid residual volume, 
routinely accepted as a value greater than 60 mL, is suggestive of 
obstruction or instrinsic detrusor dysfunction in a patient with 
evidence of complete bladder emptying preoperatively. A urine 
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culture is done to rule out infection, a common cause of irritative 
symptoms. A 3-day voiding diary may be helpful as well.

On pelvic examination, the anterior vaginal wall is examined 
specifi cally for the appearance of the bladder neck and proximal 
urethra. Urethral tethering and fi xation to the underside of the 
pubis is detected visually by the appearance of a fi xed horizontal 
groove on the anterior vaginal wall in the region of the bladder 
neck. Direct palpation of the urethra and bladder neck to assess 
mobility and degree of scar is important, as is evaluation for 
pelvic prolapse. A large cystocele, for example, can exert traction 
on the pelvic nerves, resulting in de novo urge symptoms and 
UUI. Additionally, a cystoscopy may be done to rule out a foreign 
body (e.g., a suture) or occult neoplasm.

If urge symptoms and/or UUI persist, urodynamics with fl uo-
roscopy should be done. The development of altered compliance 
is very unusual, but if this condition occurs, the possibility of an 
original occult detrusor component should be considered. It is 
also important to observe the bladder neck during a Valsalva 
maneuver to rule out hypersuspension or an anatomic point of 
obstruction.

Others have relied on pressure-fl ow studies to evaluate for 
obstruction, because obstruction can occur even in the presence 
of normal emptying. This is often diffi cult to prove, because there 
are no strict urodynamic criteria to defi ne urethral obstruction 
in female patients. However, several studies have stated that a 
detrusor pressure greater than 30 to 40 cm H2O and peak fl ow 
rate of less than 15 mL/second suggests obstruction in women. 
Carr and Webster76 demonstrated that only 22% of patients in 
their series of women undergoing urethrolysis met these obstruc-
tive parameters, but 56% of patients met these criteria in a study 
by Nitti and Raz.77 Nevertheless, 75% of patients treated with 
urethrolysis responded with good results. Some believe that 
obstruction can be recognized by the observation of a sustained, 
high-pressure detrusor contraction resulting in a reduced-
amplitude fl ow rate.78 Preoperative pressure-fl ow data can be 
useful, because a direct comparison can be made.

We recommend relying on a multimodal approach, using a 
combination of symptoms, physical examination, fl uoroscopic 
and/or pressure-fl ow data, and a high degree of clinical 
suspicion.

TREATMENT OF REFRACTORY POSTOPERATIVE 
URGE SYMPTOMS AND DYSFUNCTIONAL VOIDING

In the absence of obstruction, we recommend conservative 
therapy with timed voiding, limited consumption of bladder irri-
tants, anticholinergics, and biofeedback, especially in patients 
with dysfunctional voiding.

Cases in which conservative treatment has failed are obviously 
more diffi cult to treat. Botox injection into the detrusor muscle 
has been used for refractory urge symptoms.78 Injection of Xylo-
caine and steroids periurethrally has been used to treat external 
sphincter spasticity and dysfunctional voiding.78 Botox injection 
into the external sphincter has resulted in signifi cant subjective 
improvement in voiding in 67% of patients after a single dose.79 
Smith and associates80 demonstrated the effi cacy of this treat-
ment for functional urethral obstruction and detrusor acontrac-
tility after pubovaginal sling surgery. Finally, neuromodulation 
has also been used with some success.78

CONCLUSION

MUI is a common yet poorly understood entity that is sur-
rounded by controversy, inconsistent defi nitions, and many 
differing opinions. Several potential etiologies exist, none of 
which has been proven defi nitively. However, it is likely that the 
cause is multifactorial, and perhaps different among patients 
presenting with similar symptoms. Given that a large proportion 
of patients are cured of their urge component by surgery aimed 
at correcting their SUI, we believe that the etiologies in those 
cases are related to severity of incontinence, facilitation of the 
urethrodetrusor refl ex due to urine entering the proximal urethra, 
and/or traction on the pelvic nerves due to laxity of the pelvic 
fl oor. However, other patients may respond to more conservative 
therapy, namely anticholinergic medications and biofeedback, 
suggesting a potential alternative etiology in these cases.

It is still unknown which patients with MUI will respond to 
surgery and whose symptoms will remain unchanged or even 
intensify. It is well documented that patients with persistent urge 
symptoms after surgery have less satisfaction with the procedure, 
even if they are cured of their SUI. Patients with MUI who 
undergo defi nitive surgical therapy for their SUI need extensive 
counseling preoperatively to prepare them for potential adverse 
outcomes. Because of this, we recommend a brief trial of con-
servative therapy in certain patients with urge-predominant 
MUI, because some will improve and may not require surgery.

In short, tailoring treatment to fi t the individual patient can 
often result in successful resolution of both the urge and the 
stress components in this very challenging group of patients.

Disclaimer

The opinions or assertions contained herein are the private 
views of the authors and are not to be construed as refl ecting 
the views of the Department of the Army or the Department of 
Defense.
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Chapter 49

COMPLICATIONS OF INCONTINENCE 
PROCEDURES IN WOMEN
Chad Huckabay and Victor W. Nitti

Stress urinary incontinence (SUI) is a common problem that 
affects millions of women in the United States. Various treat-
ments exist, including physiotherapy, medications, devices, peri-
urethral bulking agents, and more defi nitive surgeries. In contrast 
to less invasive therapies, surgery for SUI is associated with rela-
tively high success rates. However, it also has potentially higher 
risks of morbidity and, rarely, mortality. Typically, surgery for 
SUI involves restoring support to the bladder neck, proximal 
urethra, or mid-urethra. Traditionally, anti-incontinence proce-
dures have been broadly categorized as anterior repairs, trans-
vaginal needle suspensions, retropubic suspensions, and sling 
procedures. More recently, midurethral synthetic slings, done in 
a minimally invasive fashion, have become the most popular 
procedures to treat SUI.

In addition to procedure-specifi c complications, there are a 
number of complications that are common to all types of incon-
tinence surgery. Although complication rates vary, they have 
been reported to approach 50%. This chapter discusses the types 
of complications encountered when performing the various pro-
cedures with respect to their temporal occurrence (intraopera-
tive, sequelae of intraoperative complications, then early and late 
postoperative problems). To better avoid complications, the 
surgeon should know how to thoroughly evaluate SUI in each 
individual patient. Careful preoperative planning is crucial, as is 
knowledge of specifi c surgical techniques. These factors inherent 
to avoiding complications are discussed elsewhere in this text. 
In this chapter, we focus specifi cally on the complications 
themselves.

INTRAOPERATIVE COMPLICATIONS

Bleeding

A thorough history should uncover any bleeding diathesis. Sig-
nifi cant bleeding is infrequent in either transabdominal or trans-
vaginal approaches, occurring in 0.6% to 10% of cases.1 In one 
study,2 of 117 women who underwent Marshall-Marchetti-
Krantz (MMK) cystourethropexy, 20 lost more than 500 mL of 
blood and 5 lost more than 1200 mL. Intraoperative bleeding 
during transabdominal approaches most commonly occurs in 
the retropubic space, owing to its rich network of venous com-
plexes. If bleeding cannot be controlled by suture ligating, packing 
may be used.

During transvaginal procedures, bleeding commonly occurs 
at two points. The fi rst is during the dissection of the vaginal wall 
off of the periurethral fascia. If this dissection is too deep, bleed-
ing can be encountered. It is important to carry out dissection 
just above the glistening white surface of the fascia. This can be 

more diffi cult in cases of previous surgery, and greater care 
should be taken to ensure that the proper plane is dissected. The 
second point at which bleeding may occur is with perforation of 
the endopelvic fascia. This bleeding can be diffi cult to control, 
because the vessels responsible may not be directly visible. We 
have found that the best way to control this bleeding is to place 
the sling (or suspension sutures) and transfer them to the supra-
pubic region expeditiously. Also, a vaginal packing placed after 
closure of the vaginal wall helps to tamponade bleeding. The 
retropubic space is a contained space, and bleeding is usually 
self-limited. If vaginal packing is ineffective, a Foley catheter 
balloon has been reported to achieve transvaginal tamponade.3,4 
Rarely, embolization may be done. Recently, Zorn and colleagues 
reported successful embolization of massive retropubic hemor-
rhage from a branch of the obturator artery injured during place-
ment of a tension-free vaginal tape sling (TVT).5

With the widespread use of TVT and other midurethral slings, 
surgeons should be aware of problems related to bleeding specifi c 
to this procedure. Nilsson and Kuuva reported a retropubic 
hematoma rate of 3.3% and an additional 3.3% of patients with 
blood loss of greater than 200 mL.6 Flock and associates reported 
that a pelvic hematoma larger than 300 mL and requiring surgical 
intervention was found in 1.2% of patients.7 In 7 cases (2.1%), 
increased intraoperative blood loss (250 to 400 mL) was managed 
by cauterization, compression, or tamponade.7 Others have 
reported hemorrhage rates of 0.9% to 2.5% with TVT.8-10 In the 
Austrian registry of 2795 TVT procedures, 0.7% of the patients 
required laparotomy for bleeding control or evacuation of 
hematomas.11 Kuuva and Nilssons12 reported an incidence of 
0.1% for injury to major vessels and nerves in their cohort 
of 1455 patients.

For the TVT procedure, the trocars are usually placed blindly, 
and knowledge of pelvic anatomy is crucial in avoiding disastrous 
complications. Deviation of curved trocars laterally can cause 
injury to the external iliac vein13 or artery14 and to the obturator 
neurovascular bundle. Cephalad displacement of the TVT trocar 
can cause injury not only to bowel but also to the iliac vessels 
more proximally. Patient movement during a TVT procedure 
peformed with local anesthesia can directly cause deviation from 
the intended path of the trocar. Anatomic dissections and cadaver 
studies have shown that the TVT trocars pass an average 4.9 cm 
from the external iliacs and 3.2 cm from the obturator vessels.15 
With the transobturator (TOT) approach to placement of the 
TVT, the device passed on average 1.1 ± 0.4 cm from the most 
medial branch of the obturator vessels. The mean distance to the 
obturator nerve was 2.5 ± 0.7 cm.16 Currently, 30 cases of major 
blood vessel injury have been reported, including 2 fatalities.17 
No signifi cant bleeding complications have been reported with 
the TVT placed in a transobturator route. In most cases, bleeding 
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after TVT procedures is self-limited and no specifi c intervention, 
other than perhaps transfusion, is required. However, in cases 
of large blood loss, open exploration or embolization may be 
necessary.5,11

Bladder and Urethral Injuries

Historically, injuries to the bladder and urethra occurred as a 
result of perforation during dissection or inadvertent placement 
of a suture or needle through the bladder or urethra. Today, most 
injuries to the urinary tract, and to the bladder specifi cally, are 
secondary to trocar injury at the time of minimally invasive 
midurethral sling placement. Cystoscopy during incontinence 
surgery is critical to rule out such injuries.

If injury to the bladder, bladder neck, or urethra occurs as a 
result of needle or trocar passage or suture placement, it is usually 
recognized during cystoscopy, after suspension sutures or pubo-
vaginal slings have been transferred. In our experience, this 
occurs more commonly in cases in which the needle is passed 
“blindly” rather than under direct fi nger guidance. If the injuries 
are small and are not associated with tearing, the sutures or 
instruments can simply be removed and replaced. The small 
perforation should heal with several days of catheter drainage. 
Larger injuries should be repaired with absorbable suture, and 
urethral tears should be treated with at least 5 to 7 days of catheter 
drainage. If a urethral injury occurs, absorbable suture may close 
the defect, depending on size and location. For TVT and similar 
devices, the trocar should be removed and another pass of the 
trocar should be performed. Bladder injury due to intravesical 
trocar passage may be treated with 48 to 72 hours of continuous 
bladder drainage with a Foley catheter. Bladder perforation from 
the TVT trocars occurs in 1.1% to 25% of TVT cases.12,18-22 The 
higher rates of bladder perforations occur in cases of previous 
failed anti-incontinence surgeries causing retropubic scarifi ca-
tion. There may be a propensity for bladder perforations to occur 
opposite the side of the surgeon’s dominant hand.23

It is paramount to fi nd intravesical TVT sling material during 
the initial placement, because secondary postoperative detection 
may require signifi cant retropubic surgery. It is important to fi ll 
the bladder with at least 250 mL of irrigant or to near bladder 
capacity, because folds of mucosa may otherwise hide the tape. 
The 70-degree lens shows the anterolateral bladder wall, and the 
0- and 12-degree lenses show the urethra optimally. Buchsbaum 
and colleagues24 reported on bladder injuries identifi ed not by 
cystoscopy but by having high fl uid/irrigant leakage from trocar 
or incision sites. Shobieri and coworkers25 reported a series of 
occult bladder injuries with TVT seen not on initial cystoscopy 
but only after removal and retrieval of trocars on second cystos-
copy. In the TOT passage of synthetic midurethal tapes, case 
reports exist, and one series reported a 0.5% incidence of bladder 
perforations; hence, we recommend cystoscopy in this procedure 
as well.26,27 Using an inside-to-outside technique of TOT trocar 
passage, de Leval28 reported no instances of bladder perforation 
or visceral injuries in a series of 107 patients. The technique 
clearly holds promise, and further randomized studies to deter-
mine effi cacy and complications of this technique should be 
performed.

Injuries occurring during transvaginal procedures that are 
closer to the bladder neck should be repaired primarily. These 
commonly occur when the vaginal dissection is done deep to the 
periurethral fascia and the surgeon attempts to perforate into the 
retropubic space. These injuries tend to be larger than trocar 

or needle perforations, and primary closure is usually recom-
mended. If such an injury is found, a two-layer closure with 
absorbable sutures (e.g., polyglycolic acid) can usually be accom-
plished transvaginally. A drain can be placed in the retropubic 
space percutaneously from the suprapubic area, in much the 
same way that the suspension needle is passed, but this is rarely 
needed. Infrequently, a retropubic approach must be taken to 
ensure proper closure of a massive injury. If there is a history of 
prior pelvic radiation therapy in a patient who has sustained a 
bladder injury, tissue interposition (i.e., omentum, labial fat pat) 
is recommended.29,30

If an injury at or near the bladder neck occurs, we usually 
recommend against placing a synthetic sling in such cases, because 
the risk of erosion is probably increased. However, we have 
successfully placed autologous fascial slings in under such 
circumstances.

For retropubic procedures, bladder repair is usually easy, as 
long as the injury is recognized. If an injury is suspected but 
cannot be found, the bladder can be fi lled with methylene blue 
or other irrigant to better identify leakage. Cystoscopy also may 
be instrumental. We prefer a primary two-layer closure with 
absorbable sutures. Depending on the size of the injury and the 
quality of the closure, a drain may be placed for several days, but 
usually this is not necessary in the absence of infection. In any 
case, the bladder should remain on catheter drainage for 5 to 
7 days.

Ureteral Injuries

Injuries to the ureters are much less common than bladder and 
urethral injuries. They may be encountered in retropubic opera-
tions (e.g., MMK, Burch) as well as transvaginal procedures 
(needle suspensions and pubovaginal slings), and they usually 
occur near the ureterovesical junction.31 Rosen and colleagues,32 
in a review article, reported 19 ureteral injuries in the literature 
secondary to Burch colposuspension (Table 49-1). It is important 
to emphasize that there may also be a risk of ureteral kinking with 
overcorrection, as described in the original article.33 Erikson and 
associates reported a 1% rate if unrecognized ureteral obstruc-
tion.34 Perforating injuries can be managed by removing the 
suture and stenting the ureter. If the injury is severe, ureteral 
reimplantation may be necessary. Ureteral injuries should be 
suspected if, on cystoscopy during anti-incontinence procedures, 
no effl ux is seen from the ureteral orifi ces. If a delayed diagnosis 
of ureteral obstruction or laceration is made postoperatively, the 
patient may present with unexplained fl ank pain, fever, or drain-
age. An intravenous urogram, retrograde ureteropyelography, or 
computed tomographic urogram will usually delineate the injury. 
Immediate retrograde ureteral stenting is recommended. If this 

Table 49-1 Ureteral Injury or Kinking with 
Burch Colposuspension

Authors and Ref. No. N Ureteral Injury/Kinking (%)

Klutke et al.152   97 0
Harris et al.153   60 6.7
Eriksen et al.3   75 1.3
Galloway et al.154   50 2
Korda et al.155  174 1.1
Petri156 1500 0.2
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is not possible, stenting can be performed in an antegrade fashion. 
If this fails, open repair with removal of suture and sometimes 
ureteroneocystostomy are necessary. Ureteral injuries are uncom-
mon with transvaginal procedures and usually involve the inclu-
sion of the ureter in the suspension sutures. If this is recognized 
intraoperatively (when indigo carmine is not seen excreted from 
the ureter), the suspension sutures should be removed. It may be 
helpful to place a stent before replacing the suspension suture, 
but this is rarely needed. If such an injury is discovered after 
surgery, during the postoperative period, it is handled in the same 
fashion as described previously. We know of no cases of ureteral 
injuries associated with TVT.

Other Injuries

If the peritoneum is inadvertently incised during either approach, 
it should be closed with an absorbable suture. Bowel injuries are 
rare but can occur with transfer of sutures or slings and with TVT 
and similar procedures. They may also occur with placement of 
a suprapubic tube. A small bowel laceration and small perfora-
tions of the colon below the peritoneal refl ection can usually be 
closed primarily. However, perforations of the colon above the 
peritoneal refl ection in unprepared bowel may require proximal 
colostomy if signifi cant spillage occurs intraperitoneally. Bowel 
injuries have not been reported with the TOT procedure. The 
traditional TVT trocars passed retropubically may cause bowel 
injury when the trocars do not “shave” the posterior aspect of the 
pubis and are directed more cephalad. The risk of bowel perfora-
tion is small, but several cases have been reported.8,35-38 Patients 
with prior transperitoneal pelvic surgeries are at highest risk. 
Peyrat recommended preoperative computed tomography in 
women with a history of multiple abdominal and retropubic 
surgeries, which increase the risk of bowel adhesion to the pubis.39 
Patients typically present with abdominal pain, peritoneal signs, 
or leakage of feculent material from suprapubic incision sites. 
High suspicion levels for bowel injury should be maintained 
for those patients complaining of abdominal pain after TVT. 
A small bowel obstruction caused by intraperitoneal TVT per-
formed with concomitant vaginal hysterectomy for prolapse was 
reported.40

Sequelae of Intraoperative Injuries

Fistula
A fi stula may develop after a surgical injury to the urinary tract. 
Unrecognized bladder or urethral injury may lead to a vesico-
vaginal or a urethrovaginal fi stula, respectively (Fig. 49-1). If 
intraoperative cystoscopy is routinely used as described by 
Stamey,41 urethral and bladder injuries should be recognized, 
thereby decreasing the risk of subsequent fi stula formation. Some 
instances of unrecognized injuries missed by cystoscopy may be 
detected when fl uid leakage is more than expected from incision 
sites. Methylene blue or sterile infant formula may also be instilled 
into the bladder to aid detection. Kuuva and Nilsson, in a nation-
wide analysis of complications associated with TVT in 1455 
patients, found only one case for an incidence of 0.7/1000 of 
vesicovaginal fi stula.12

Nerve Injury
Three types of nerve injury may occur during incontinence 
surgery. The fi rst is a result of intraoperative positioning. The 

most common nerve injured is the common peroneal nerve; 
injury is caused by direct compression of the nerve against the 
leg support while the patient is in the dorsal lithotomy position. 
A femoral nerve palsy may result from hyperfl exion of the hip 
wherein the thigh is brought too cephalad and in a prolonged 
position may cause postoperative weakness of the thigh extensor 
muscles. A second type of nerve injury involves direct trauma to 
the nerve during surgery. Intraoperative events may pose injuri-
ous risk to the ilioinguinal nerve as it travels in the vicinity of 
suprapubic transverse incisions, needles, slings, and trocar pas-
sages. Geis and Dietl fi rst reported ilioinguinal nerve entrapment 
by TVT.42 Local anesthetic injections along the nerve can aid in 
diagnosis and treatment without the need for TVT removal. 
Patients present with lower abdominal wall pain radiating into 
the groin, labia majora, or upper inner thigh. Certainly, the obtu-
rator nerve is at risk in placement of midurethral synthetic slings 
(e.g., TVT, TOT).21,43,44 A third type of nerve injury involves dis-
ruption of the innervation of the urethra and surrounding struc-
tures. Some evidence suggests that vaginal dissection may affect 
this innervation. Zivkovic and colleagues45 showed that vaginal 
dissection, especially during endoscopic bladder neck suspen-
sion, can worsen preexisting perineal neuropathy in patients with 
SUI. Vaginal innervation seems to be concentrated on the ante-
rior vagina46 and may be affected by anti-incontinence opera-
tions. Modifi cation of innervation of the anterior vaginal wall 
could account for postoperative discomfort with intercourse.47 It 
is unknown whether alterations in neuroanatomy are responsible 
for some cases of sexual dysfunction after anti-incontinence pro-
cedures. Mazouni and associates48 reported that 25.6% of patients 
who were monitored prospectively with questionnaires had some 
deterioration of sexual function after TVT placement. Glavind 
and Tetsche49 found that 23% of previously sexually active women 
reported improved sexual life. Maaita and colleagues50 reported 
no change in sexual function after TVT procedures. Only pro-
spective studies using validated symptom questionnaires will 
delineate the impact of TVT and incontinence treatment on 
sexual functioning.

Figure 49-1 Urethrovaginal fi stula after major urethral injury during 
anti-incontinence procedure.
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EARLY POSTOPERATIVE COMPLICATIONS

Voiding Dysfunction

Immediate postoperative urinary retention is the most com-
mon type of voiding dysfunction encountered after any anti-
incontinence procedure (Table 49-2). Kelly and colleagues51 
reported acute urinary retention requiring catheterization in 
41% of 114 women who underwent modifi ed Pereyra bladder 
neck suspension. Twenty-seven percent of women undergoing 
MMK cystourethropexy had postoperative urinary retention, 
according to Parnell and associates.52 Yalcin and coworkers53 
noted that 3.2% of patients had temporary voiding dysfunction 
after TVT. In most of these patients, urinary retention (complete 
or partial) is transient, secondary to postoperative edema of the 
bladder neck and urethra, and resolves with catheter drainage. 
The estimated probability of temporary urinary retention lasting 
longer than 4 weeks is 5% for retropubic and transvaginal sus-
pensions and 8% for sling procedures.54

Various options for drainage are available, including supra-
pubic tube drainage. Occasionally, a suprapubic tube is placed 
intraoperatively in anticipation of immediate postoperative 
urinary retention. This is kept in place until normal emptying 
resumes (usually 1 to 4 weeks). Suprapubic tube placement is less 
common with midurethral synthetic slings, because most patients 
void within 24 hours after surgery. Intermittent catheterization 
or an indwelling urethral catheter may also be used. It has been 
our experience that normal emptying occurs a bit sooner after 
retropubic procedures compared with transvaginal suspensions 
or traditional pubovaginal slings. Permanent retention is much 
less common (see later discussion).

Irritative or storage symptoms, including frequency, urgency, 
and urge incontinence, are also common after incontinence 
surgery. Usually, this is not a problem in the immediate post-
operative period, if the patient is well prepared. It is important 
to be sure that the patient is emptying well; if not, intermittent 
catheterization should be considered. In the patient who is emp-
tying well, a trial of anticholinergic drugs can be used. Some-
times, however, it is only time that will cure this problem. 
Postoperative voiding symptoms are likely to persist for up to 4 
weeks. Patients with preoperative urgency are more likely to have 
continued urgency postoperatively (13% to 68% for pubovaginal 
slings and 22% to 79% for retropubic suspensions) than those 
with no preoperative urgency (3% to 45% and 0% to 33%, 
respectively).54

Infection

Urinary tract infections (UTIs) in the immediate postoperative 
period are uncommon, provided that preoperative urine cultures 
are negative and perioperative antibiotics are employed. If 
patients present with acute symptoms of a UTI, including 
increased irritative symptoms, during the fi rst few months after 
surgery, urine culture should be obtained, and if it is positive 
the patient should be treated with appropriate antibiotics. 
Debodinance and colleagues55 found an incidence of UTI of 
4.5% in a series of 800 patients having anti-incontinence pro-
cedures, of whom 281 had TVT. UTI rates are usually related 
to length of catheterization. Rarely, a patient develops recurrent 
postoperative UTI despite complete emptying of the bladder. 
In these cases, cystoscopy should be performed to rule out 
suture or sling erosion (see later discussion). However, in our 
experience, there are a small number of patients who develop 
recurrent UTI after incontinence surgery with no obvious 
cause.

The incidence of wound infections varies from 2% to 16%.56-58 
The wound infection rate after TVT was 0.4% in a single series.9 
Predisposing factors are no different than those for any other 
surgery and include obesity, diabetes, immunocompromise, and 
reoperation. The vagina is a contaminated space; therefore, we 
routinely cleanse the vagina with a Hibiclens or povidone sponge 
before the surgical preparation to minimize infection. Periopera-
tive antibiotics are important in the prevention of infection. We 
routinely use ampicillin and gentamicin perioperatively for the 
prevention of infection. An oral cephalosporin or quinolone is 
used for 7 days postoperatively.

Pelvic infections and abscess are rare occurrences. Appropri-
ate management should include broad-spectrum antibiotics 
and usually surgical drainage (vaginal or abdominal) depending 
on size. Neuman managed two infected hematomas after TVT 
with ultrasound-guided aspiration and antibiotics, avoiding open 
surgery and removal of TVT material.59 One case of necrotizing 
fasciitis with massive debridement after TVT has been reported, 
but it is questionable whether this was primarily related to the 
TVT or whether seeding or contamination of incision sites from 
a distal infected extremity occurred.60

DELAYED OR LATE POSTOPERATIVE 
COMPLICATIONS

Pain

After needle suspension, some patients experience a chronic 
suprapubic pain that may radiate down the medial aspect of the 
inner thigh or cause a pulling sensation. This is thought to occur 
because of entrapment of the sensory branches of the ilioinguinal 
nerve or the genital branches of the genitofemoral nerve as the 
suspension sutures are tied to the rectus fascia.61 This complica-
tion was noted in as many as 8% to 16% of patients in early 
series.62 The passage of needles and trocars closer to the midline 
and adjacent to the pubic bone should reduce the risk of this 
complications. Hilton and associates63 reported two cases of 
chronic vaginal and pelvic pain of unknown etiology in patients 
who were eventually found to have eroded intraurethral/bladder 
neck TVT. We also have seen patients with pain out of propor-
tion to physical examination fi ndings who were subsequently 
found to have urethrally eroded TVT.

Table 49-2 Postoperative Retention with Tension-Free 
Vaginal Tape Procedures

Authors and Ref. No. N
No. Patients with 

Retention (%)
No. with 

Resolution

Karram et al.10 350 17 (4.9) 11
Hung et al.158  23  2 (8.7)  0
Tsivian et al.68 200 14 (7)  0
de Tayrac et al.159  31  8 (25.8)  8
Levin et al.67 313  8 (2.5)  7
Abouassaly et al.9 241 47 (19.5) 37
Paick et al.157 247 38 (13.9) 33
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Suture Erosion

Rarely, a patient presents with postoperative irritative symptoms 
and/or recurrent UTI secondary to a permanent suture that has 
“eroded” into the bladder (Fig. 49-2A). These sutures, or slings 
in the case of TVT,64 may act as a nidus for stone formation. It 
is more likely that this phenomenon occurs due to unrecognized 
placement of sutures into or through the bladder rather than an 
actual erosion. Most of the time, suture erosion can be treated 
endoscopically by cutting the suture, which often retracts 
through the bladder wall, or by using the holmium:yttrium-
aluminum-garnet (YAG) laser to ablate the suture and/or stone 
(see Fig. 49-2B).65

Infection and Erosion of Sling Material

Vaginal Extrusion
The exposure of synthetic material uncovered by vaginal epithe-
lium is more properly termed vaginal extrusion rather than 
vaginal erosion (Fig. 49-3; Table 49-3). Vaginal extrusion is 

A B
Figure 49-2 A, Intravesical Burch colposuspension suture with small calculus. B, After holmium:YAG ablation of suture and calculus.

Table 49-3 Urethral Erosion/Vaginal Extrusion of Synthetic Slings

Authors and Ref. No. Sling N Urethral Erosion (n) Vaginal Extrusion (n) Total Erosion (n [%])

Karram et al.10 TVT  350 1 2 3 (0.9)
Levin et al.67 TVT  313 0 4 4 (1.3)
Tsivian et al.68 TVT  200 1 5 6 (3)
Kuuva & Nilsson12 TVT 1455 0 0 0 (0)
Kobashi & Govier69 Polypropylene   90 0 4 4 (4.4)
Rodriquez & Raz66 Polypropylene  301 0 1 1 (0.33)
Abouassaly et al.9 TVT  241 0 2 2 (0.008)
Paick et al.157 TVT  247 0 0 0 (0)

TVT, tension-free vaginal tape.

uncommon. Possible reasons for this complication are subclini-
cal infection, inadequate vaginal incision closure, impaired 
wound healing, and tape/sling rejection. For the TVT, local 
vaginal fl aps around the extruded site can be created and advanced 
over the exposed tape. Alternatively, the exposed tape can be 
excised, with vaginal fl aps used to close the defect. A small area 
may be observed and treated with local estrogen cream, allowing 
re-epithelialization. Vaginal extrusion rates for TVT and poly-
propylene slings have varied from 0% to 4.4%.10,12,66-69 Other 
materials, such as polyester multifi lament (Mersilene), silicone, 
polytetrafl uoroethylene (Gore-Tex, Tefl on), or even multifi la-
ment polypropylene, have higher extrusion and infection rates.70 
Pore size less than 10 μm increases the risk of infection, because 
bacteria may enter the interstices but macrophages and neutro-
phils larger than 10 μm cannot penetrate the pores of the mesh 
to fi ght infection. Monofi lament polypropylene also may have 
better incorporation into surrounding tissues, because its pores 
allow passage of fi brocytes.

Infected type I mesh can usually be removed partially or in 
the segment involved. TVT is a macroporous type I mesh with 
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pores larger than 75 μm that allow bacteria, macrophages, and 
fi broblasts to enter the pores.71 An exception is when type I mesh 
has been anchored to tissue using permanent multifi lament 
sutures that harbor infection. Types II and III mesh usually have 
to be removed entirely if they become infected. Type III mesh has 
microporous portions that allow sequestration of bacteria but 
not macrophages.72 TVT extrusion in the lateral vaginal fornices 
may result from improper placement of the sling during the TOT 
technique when the vaginal epithelium is inadvertently punc-
tured with the trocar.

Urethral Erosions
Urethral erosion is quite uncommon. Leach and coworkers54 
reported an erosion rate of 0.003% with autologous slings and 
0.02% with synthetic slings. It most likely results from dissection 
too close to the urethra with thinning and devascularization of 
tissues, placement of the sling between the urethra and periure-
thral fascia, excessive tension, or direct urethral injury including 
perforation that is missed. If the periurethral fascia is disrupted 
beneath the urethra, then it is best to repair the periurethral fascia 
before placement of the suburethral sling. In the use of trocars, 
more caution should be used when passing trocars toward the 
urethra rather than away, because the surgeon usually has less 
precise control of the distal aspect of the trocar. Small (seemingly 

inconsequential) movements of the proximal aspect of trocars 
translate to much larger ranges of movement in the distal trocar. 
Finger guidance is very helpful when trocars are passed toward 
the urethra.

A high index of suspicion must be maintained, because the 
presentation of urethral erosion can be quite delayed and of vari-
able symptomatology. Patients may have dysuria, irritative or 
obstructive symptoms, recurrent incontinence, pain, vaginal dis-
charge, UTIs, hematuria, pyuria, or other symptoms and signs. 
Slings can be removed endoscopically by cutting each end of the 
eroded material.73,74 We prefer an open approach via transvaginal 
suburethral incision in which all eroded material is removed 
from the urethral wall. Repair of the urethra with absorbable 
suture should be performed, and a catheter should be left in place 
for 5 to 10 days, depending of the extent of the injury. In severe 
cases, local fl aps may be necessary to cover the repair and prevent 
fi stulization.

For intravesical synthetic sling erosions or placements, the 
holmium:YAG laser may ablate the intravesical portion of the 
sling. For more complicated cases, an open retropubic approach 
may be needed for complete excision (Fig. 49-4).

Osteitis Pubis and Osteomyelitis
Osteitis pubis is a noninfectious infl ammation of the periosteum 
overlying the symphysis pubis that usually occurs 1 to 8 weeks 
after the inciting event. It manifests with symptoms and signs of 
suprapubic pain and tenderness, adductor spasm, elevated eryth-
rocyte sedimentation rate, and a “waddling” gait. It has been 
historically associated with the MMK cystourethropexy, and its 
incidence ranges from 1% to 10%, depending on the series.52,75,76 
Plain fi lm radiography is usually diagnostic; however, on occa-
sion, a bone scan may be necessary to demonstrate increased 
activity in the area of the pubis. With osteitis pubis, there may 
be a delay in radiographic appearance after clinical symptoms of 
3 to 4 weeks. Although the symptoms are disabling, they usually 
resolve over time with conservative management consisting of 
bed rest and anti-infl ammatory agents.

Figure 49-3 Vaginal extrusion of synthetic tape material and bone 
anchors used to fi x the sling. Note primarily the existence of 
granulation tissue. Granulation tissue in the vagina often is 
associated with underlying foreign body extrusion through the 
vaginal epithelium, although the foreign body itself may be 
obscured.

Figure 49-4 Intravesical tension-free vaginal tape found on 
cystoscopy for recurrent urinary tract infections. Pain in the 
suprapubic or vaginal/perineal area may also be a presentation 
of intravesical or intraurethral suburethral sling placement.
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Several modifi cations of the needle suspension and bladder 
neck sling that involve anchoring of the suspension/sling to 
bone have been described.77-80 The theoretical advantages of 
bone anchoring have not been proven in randomized, controlled 
studies. Goldberg and colleagues81 reported that three (1.3%) of 
their patients who underwent suprapubic bone-anchored bladder 
neck suspension later developed osteomyelitis requiring debride-
ment, removal of bone anchors, and long-term intravenous anti-
biotics. Others have reported cases of osteomyelitis after various 
incontinence procedures using bone anchoring devices.82-85 Both 
osteitis pubis and osteomyelitis may be characterized by the 
absence of fever, symmetric bony destruction of the symphysis, 
pelvic pain and gait disturbances, a delayed onset of symptoms, 
and failure to improve with antibiotics alone. In a literature 
review, Frederick and coworkers86 found the incidence of osteitis 
pubis and osteomyelitis to be 0.16% and 0.08%, respectively, 
after transvaginal bone anchor fi xation. It is unknown whether 
removal of bone anchors is helpful, and this is not absolutely 
indicated unless associated infection exists.

Chronic Voiding Dysfunction and Retention

The true incidence of iatrogenic voiding dysfunction after anti-
incontinence surgery is unknown and varies among the different 
types of procedures. In a large series of 503 patients that com-
pared Burch colposuspension to Stamey endoscopic needle sus-
pension, voiding dysfunction was noted to be the most frequent 
complication (12.1%).87 Voiding dysfunction after incontinence 
surgery is usually the result of obstruction, detrusor overactivity, 
or detrusor failure. In general, this complication, especially when 
it includes de novo urgency, is the most common complication 
after any anti-incontinence surgery.

Obstruction and Incomplete Emptying
A potential complication of all procedures to correct SUI is 
iatrogenic outlet obstruction leading to voiding dysfunction. 
This may cause urinary retention (partial or complete), obstruc-
tive voiding symptoms, or storage symptoms such as frequency, 
urgency, and urge incontinence.

The true incidence of voiding dysfunction and iatrogenic 
obstruction after incontinence surgery is unknown and is prob-
ably underestimated. Estimates of 2.5% to 24% have been 
reported for various procedures.88-92 In a 1997 review, urinary 
retention lasting longer than 4 weeks occurred in 3 to 7% of 
retropubic suspensions, 4 to 8% of transvaginal suspensions, 
and 6 to 11% of slings. For the same procedures, urinary reten-
tion longer than 4 weeks occurred in 3% to 7%, 4% to 8%, 
and 6% to 11%, respectively. The incidence of permanent 
retention for all three procedures was thought to be less than 
5%.54 Chaikin and colleagues found postoperative de novo urge 
incontinence in 3%, persistent urge incontinence in 23%, and 
unexpected permanent urinary retention in 2% of patients 
undergoing pubovaginal sling procedures.93 For the same pro-
cedure, Morgan and colleagues reported de novo urgency in 
23% and de novo urge incontinence in 7%; fi ve women had 
retention after 3 months requiring urethrolysis. Interestingly, 
they reported a 74% resolution of urge incontinence (although 
concomitant anterior colporrhaphy may have contributed, 
P = .07) and return to normal voiding in 92% at 1 month post-
operatively.94 Reported rates of urinary retention after TVT 
placement have ranged from 1.4% to 9%.8,12,95-99 Others have 

described rates of voiding dysfunction after TVT as being 2% to 
4%.100

Dunn and colleagues recently performed an extensive litera-
ture review to determine the incidence of “voiding dysfunction” 
after incontinence procedures.17 They searched the Medline data 
base from 1966 to 2001 for various procedures. All available 
reports were retrospective collections, case reports, or case cohort 
series. Rates of voiding dysfunction varied from 4% to 22% after 
Burch colposuspension, 5% to 20% after MMK urethropexy, 4% 
to 10% after pubovaginal sling, 5% to 7% after needle suspen-
sion, and 2% to 4% after TVT. Although it cannot be said that 
all patients with voiding dysfunction in these series were 
obstructed, it can be inferred that a number were.

In patients with preexisting urgency symptoms, postoperative 
urgency occurs more frequently. The large review sponsored by 
the American Urological Association in 1997 suggested that post-
operative urgency occurred in 36% to 66% of patients undergo-
ing retropubic suspensions, in 54% after transvaginal procedures, 
and 34% to 46% after slings.54

The rate of true “obstruction” may be underestimated, because 
irritative and obstructive symptoms tend to be overlooked in the 
face of normal emptying.

Whether a procedure causes an obstruction is largely based on 
technical factors such as suture placement or sling tension. 
Sutures too medial, close to the urethra, can cause urethral devia-
tion or periurethral scarring. In addition, if sutures are tied too 
tightly overcorrection and “hypersuspension” of the bladder 
neck may result, kinking it shut. Even when properly performed, 
certain procedures designed to correct anatomic incontinence 
will cause an increase in urethral resistance. In a prospective 
interval analysis of patients undergoing endoscopic bladder neck 
suspension, Coptcoat and associates showed a ninefold increase 
in urethral resistance at two months after suspension in a small 
group of 7 patients.101 A sling, whether at the bladder neck or at 
the mid-urethra, can certainly cause obstruction if it is too tight. 
There is no precise way to determine tension, but available 
techniques have kept obstruction rates reasonably low, although 
not zero.

The key to a diagnosis of obstruction in women is a high index 
of suspicion and thorough evaluation. Many women void by 
relaxing pelvic fl oor muscles, and some may augment voiding by 
straining. Even a slight degree of increased outlet resistance with 
“relative obstruction” can cause considerable voiding dysfunc-
tion. The diagnosis of obstruction after anti-incontinence proce-
dures can be inferred if a patient remains in urinary retention 
despite having had normal emptying before surgery. A history of 
normal voiding and emptying before surgery is one of the most 
important factors in deciding on treatment. A review of pre-
operative urodynamic testing can be helpful. If such studies are 
not available or if the patient empties well but has irritative or 
obstructive symptoms, then a repeat evaluation is necessary.

No universally accepted urodynamic criteria for the diagnosis 
of female bladder outlet obstruction exists, and this is even more 
true for obstruction after SUI surgery.

Sometimes obstruction is obvious (high-pressure/low-fl ow 
voiding dynamics), but many women who are obstructed after 
SUI surgery do not demonstrate such voiding dynamics on uro-
dynamic studies. Carr and Webster performed fl uorourodynamic 
studies on all patients but eventually offered urethrolysis even 
to women with normal study fi ndings when a clear temporal 
relationship between surgery for incontinence and the onset of 
voiding symptoms could be demonstrated.102 Nitti and Raz 
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performed video urodynamics on all patients and reported that 
voiding dynamics had little effect on the outcome of surgery, 
and, in fact, all four women who failed to generate a detrusor 
contraction during urodynamics voided successful after ure-
throlysis.103Foster and McGuire had similar fi ndings.104We no 
longer believe that a complete urodynamic evaluation is neces-
sary for those with retention or high postvoid residual volumes, 
provided that they had normal emptying preoperatively.103 A 
patient with incomplete emptying who emptied adequately 
before SUI surgery should not be excluded from urethrolysis, 
even if hypocontractility or failure to generate a detrusor contrac-
tion occurs. Occasionally, unanticipated urodynamic fi ndings are 
seen, such as learned voiding dysfunction. The utility of uro-
dynamics may be considered as follows. First, for the patient in 
retention, urodynamics can provide valuable information (such 
as detrusor overactivity or signifi cantly impaired compliance, the 
latter being an absolute indication for intervention) and can 
confi rm a diagnosis of obstruction but should not exclude the 
patient from urethrolysis, even if there is no contraction or 
impaired contractility. Urodynamics may also identify learned 
voiding dysfunction. Second, for the patient with storage symp-
toms with normal emptying, urodynamics can diagnose obstruc-
tion and, equally as important, rule out obstruction. It can help 
to provide a specifi c diagnosis that is useful in directing therapy, 
especially if obstruction can be ruled out.

Endoscopic evaluation of the urethra may show scarring, nar-
rowing, occlusion, kinking, or deviation. These fi nding are espe-
cially helpful in cases in which urodynamic fi ndings are equivocal. 
The urethra and bladder should be carefully inspected for eroded 
sutures, sling material, or the presence of a fi stula. This is facili-
tated by the use of a rigid scope with a 0- to 30-degree lens and 
little or no beak to allow for complete distention of the urethra. 
In cases in which intervention is anticipated, endoscopy should 
be done routinely, either before surgery or at the time of surgery 
before incision. Radiographic imaging may be done independent 
of videourodynamics. A standing cystogram in the anterior-
posterior, oblique, and lateral positions, with and without strain-
ing, assesses the degree of bladder and urethral prolapse and 
displacement or distortion of the bladder. A voiding cystoure-
throgram can assess the bladder, bladder neck, and urethra 
during voiding to determine narrowing, kinking, or deviation. 
Although imaging is not mandatory, it can be extremely useful 
in equivocal cases.

When discussing intervention for obstruction after inconti-
nence procedures, it is important to distinguish between midure-
thral synthetic slings, such as TVT, and other procedures, such 
as traditional pubovaginal sling, retropubic suspension, and 
needle suspension, because the timing and type of intervention 
vary. With midurethral synthetic slings, intervention is usually 
done sooner and is less invasive. With other procedures, longer 
periods of postoperative obstruction and retention are common, 
and intervention is usually deferred for weeks to months.

No consistent preoperative parameters, such as urethrolysis 
or sling incision, predict success or failure of intervention. Several 
studies failed to show any correlation between urodynamic fi nd-
ings and the likelihood of successful voiding after urethroly-
sis.103-105 Without dispute, those women who have retention and 
increased postvoid residuals after incontinence surgery (but who 
had normal emptying preoperatively) are good candidates for 
urethrolysis. The patient’s history of new voiding diffi culties may 
be one of the most signifi cant indicators of obstruction, indepen-
dent of any other fi ndings.

For traditional pubovaginal sling, needle suspension, and 
retropubic suspension procedures, most of the literature on 
intervention concerns patients at least 3 months out from surgery. 
Disappointed, uncomfortable patients with retention or signifi -
cant irritative symptoms may be hard to convince that waiting is 
suitable. Therefore, there has been a trend to more early interven-
tion perhaps at 1 to 2 months, especially for patients with signifi -
cant retention requiring catheterization. Some patients may 
choose to continue intermittent catheterization indefi nitely, 
especially if they have had marked improvement of very severe 
incontinence.

One can also attempt to cut suspension sutures from above in 
cases of obstruction after transvaginal needle suspensions. One 
or both sutures may be cut. In cases of pubovaginal sling, the 
sling may be cut in the midline after a vaginal incision has been 
made. However, sometimes obstruction can be effectively treated 
only with a formal urethrolysis. With synthetic midurethral slings 
such as the TVT, it has been our practice to intervene early, often 
within 7 to 10 days for patients in retention. In the early post-
operative period, these slings can often be loosened or cut with 
the use of local anesthesia, occasionally in an offi ce setting.

Techniques for Treating Postoperative Obstruction
For the synthetic midurethral slings, sling loosening techniques, 
urethral dilation, and sling incision alone can be performed 
within a shorter postoperative period before signifi cant scarring 
occurs. Of note, we rarely perform sling loosening procedures 
and do not advocate urethral dilation.

Synthetic Midurethral Sling Loosening or Lysis
For those patients with retention within approximately 2 weeks 
after placement of a TVT sling, an offi ce procedure may be used. 
After infi ltration with local anesthetic, the previous incision is 
opened (usually by removal of the suture used to close the inci-
sion), and the sling is found by direct inspection or palpation. A 
right angle clamp is placed around the tape. During the early 
postoperative period (up to about 10 days), the tape may be 
pulled down or loosened. After longer periods of time, it is usually 
necessary to cut the tape. We have found this technique to be 
effective in relieving obstruction and the recurrence of SUI to 
be small. For those surgeons who are uncomfortable doing this 
in an offi ce setting and for anxious patients, the same procedure 
may be done in the operating room. In cases of obstruction 
beyond 2 weeks, the lysis of the TVT sling is best performed in 
the operating theater, and in more chronic cases this is impera-
tive. Scarring and patient discomfort are factors to consider, 
because more extensive dissection may be needed to identify and 
cut the sling. It is imperative to identify the sling, which may be 
more diffi cult if it has rolled onto itself in a band, and then tran-
sect the sling (Figs. 49-5 and 49-6). The suburethral portion of 
the sling may also be excised at the surgeon’s discretion. Simply 
cutting or loosening a midurethral synthetic sling has yielded 
excellent results.10,95,97,106 Klutke and colleagues reported resolu-
tion of obstruction in all 17 of their patients, and recurrent SUI 
in 1 patient.95 Rardin and associates found that impaired bladder 
emptying resolved in 100% of 23 patients, with 61% remaining 
continent, 26% having partial recurrence, and 13% having com-
plete recurrence of SUI.97

Transvaginal Pubovaginal Sling Incision
Intervention for obstruction caused by pubovaginal slings is 
usually done after a longer period of time than with midurethral 
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synthetic slings; the dissection is usually more extensive, so gene-
ral or regional anesthesia is required. Transvaginal incision of 
the pubovaginal sling alone (autologous, allograft, xenograft, or 
synthetic) may effectively eliminate obstruction with similar 
results to formal urethrolysis. We, along with others, use a simple 
sling incision as fi rst-line treatment.107-110 We believe that this 
procedure, rather than formal urethrolysis, may limit morbidity, 
potential injury to soft tissue or nerve, and fi brosis from surgical 
dissection. Commonly, the sling is encased in scar. Initial pains-
taking dissection may be aided by placing a cystoscope or Walther 
sound in the urethra with cephalad defl ection of the working end, 
both to bring the bladder neck down and to palpate the ridge 
caused by the sling. Allis clamps placed on each side (or on one 
side) of the sling with downward traction may facilitate dissec-
tion (Fig. 49-7). If scarifi cation is dense, not allowing identifi ca-
tion of the sling in the midline, it can be isolated lateral to the 
midline, off of the urethra. If the sling cannot be clearly cut, then 
formal urethrolysis should be performed (Table 49-4).

Transvaginal Urethrolysis
Because sling incision alone is commonly performed today, we 
offer repeat formal transvaginal urethrolysis to these patients 
if obstruction remains. We prefer transvaginal urethrolysis, as 
originally described by Leach and Raz,111 as a primary operation 
(rather than retropubic urethrolysis), because it is easier, is less 
morbid with quicker recovery times, and is highly effective.

We begin with intraoperative cystoscopy, even if cystoscopy 
was previously performed clinically. We exclude foreign bodies, 
sutures, stones, and erosion of suture or sling. Sagittal rotation 
of the scope with simultaneous anterior vaginal palpation is 
useful. Leach and Raz (1984) originally described the most com-
monly used transvaginal procedure (Fig. 49-8).111

Carey and colleagues reported the use of a Martius labial fat 
pad fl ap with transvaginal urethrolysis with success in 87% of 
patients.112 The Martius fl ap may decrease the risk of recurrent 
fi brosis and provide some urethral support; with any future 
surgery, a sling may be placed outside the fat pad, thus decreasing 
the risk of urethral injury. We reserve it for selected cases (e.g., 
repeat urethrolysis, extensive fi brosis). We usually divide the 
robust fat pad fl ap midway along its longitudinal axis and wrap 
the fl ap around the urethra, effectively supporting the undersur-
face and retropubic surface of the urethra.

If a vaginal approach is not feasible due to the patient’s 
anatomy, or if the surgeon prefers, urethrolysis can be performed 
via a retropubic approach. We advocate an approach similar to 
that described by Webster and Kreder.105 They reported excellent 
results with a retropubic takedown in which all adhesions from 
the prior cystourethropexy are sharply incised and complete 
mobility of the anterior vaginal wall is restored. The procedure 
is completed by performing an obturator shelf repair to prevent 
rotational decent and placing an omental pedicle to fi ll the ret-
ropubic dead space and prevent further scarring. In this case, 
careful sharp dissection is done to completely free the urethra 
from the undersurface of the pubic bone.

Urethrolysis may also be performed by a suprameatal 
approach, making a small inverted U-shaped incision above the 
urethral meatus and dissecting the urethra dorsally. This is usually 
done without any other major dissection or resuspension. A 
Martius labial fat pad fl ap can be interposed.

Regardless of the technique chosen, when formal urethrolysis 
is performed, we recommend a complete freeing of the urethra 

Figure 49-5 Obstructing tension-free vaginal tape (TVT) has 
twisted into a 2-mm band. A right angle clamp can be placed 
between the TVT and the periurethral fascia, and the TVT can 
be isolated and cut.

Figure 49-6 Obstructing tension-free vaginal tape. Note fi brous 
incorporation of sling material. After the sling is cut in the midline, 
a distinct “pop” and retraction of sling material occurs. 
Simultaneous dropping of the urethra occurs as well.
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in the retropubic space, because it is often quite adherent to the 
pubic bone.

In selected cases (e.g., extensive mobilization or SUI coexist-
ing with obstruction), it may be desirable to resupport the urethra 
at the time of urethrolysis. Resuspension or sling may be done. 
Currently, our practice is to consider this only if the patient had 
SUI before urethrolysis or if support structures were severely 
compromised during urethrolysis. We rarely fi nd this to be the 
case. Resuspension does increase the risk of persistent obstruc-
tion, and because most patients are distraught about obstruction, 
we believe it is best to take care of this problem and deal with 
recurrent SUI at a later time should it occur. Patients may be 
salvaged with transurethral collagen injections if SUI recurs. 
Goldman and colleagues reported a 66% response rate to colla-
gen in women with recurrent SUI after transvaginal urethroly-
sis.113 Additionally, the option of other procedures for SUI at a 
later date exists.

Urethrolysis is 65% to 93% effective for relieving iatrogenic 
obstruction.102-105,109,113-116

In patients who fail to void satisfactorily after urethrolysis, 
repeat urodynamics does not give conclusive information as to 
the cause of the failure.103 Explanations include poor contractility 
insuffi cient to overcome even the reduced outlet resistance 
and persistent obstruction. In some patients, this continued 
obstruction is the result of intrinsic damage to the urethra 
from surgery and is not caused by periurethral fi brosis and 
scarring. In such cases, urethrolysis will not relieve the obstruc-
tion. It is possible that some failures “reobstruct” after a complete 
urethrolysis.

Chronic Irritative Symptoms and Urge Incontinence

After any anti-incontinence procedure, irritative voiding symp-
toms (frequency, urgency, urge incontinence) can persist or 
develop de novo. Irritative symptoms are more likely to be 
present postoperatively if they were present preoperatively. In 
the study by Kelly and colleagues, both preoperative and post-
operative symptom analyses were obtained in 114 women who 

A B
Figure 49-7 A, After an inverted U or midline incision and wide dissection of fl aps, the sling is isolated in the midline and incised. A right 
angle clamp may be placed between the sling and the periurethral fascia to avoid injury to the urethra. B, The sling is freed from the 
undersurface of the urethra toward the endopelvic fascia. Ends may be excised or left in situ. Release of the sling causes a distinct drop in 
the urethra, with increased mobility of the urethral sound/cystoscope. Without retropubic space entry, we preserve lateral support and do 
not free it from the posterior pubic bone. (From Nitti VW, Carlson KV, Blaivas JG, Dmochowski RR: Early results of pubovaginal sling lysis by 
midline sling incision. Urology 59:47-52, 2002.)
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underwent modifi ed Pereyra bladder neck suspension.51 If 
urgency symptoms were present postoperatively, there was a sta-
tistically signifi cant correlation with a poor objective and subjec-
tive outcome. In the large review sponsored by the American 
Urological Association, persistent postoperative urgency occurred 
in 36% to 66% of women undergoing retropubic suspension, 
54% of those with transvaginal procedures, and 34% to 46% of 
those with slings.54 (The higher percentage refl ects patients with 
documented detrusor overactivity, and the lower percentage 
refl ects patients who had preoperative urgency without overac-
tivity.) Among patients who had no urgency and no detrusor 
overactivity preoperatively, de novo urgency occurred in 8% to 
16% of those with retropubic suspensions, 3% to 10% of those 
with transvaginal suspensions, and 3% to 11% of those with 
slings (all ranges represent 95% confi dence intervals).54 No major 
statistical differences existed between the various procedures 
regarding postoperative urgency rates.

If irritative symptoms are present chronically after inconti-
nence surgery, it is important to rule out obstruction as a cause. 
If obstruction exists, consideration may be given to sling lysis or 
urethrolysis. Chronic irritative symptoms not associated with 
obstruction are often diffi cult to manage. Anticholinergics, bio-
feedback, behavioral modifi cation, or neuromodulation may be 
used. Age may play a role, because Allahdin and coworkers117 
found a higher rate of postoperative urgency in a group of patients 
aged 70 to 90 years. They found rates of urgency up to 60%, with 
44% de novo urgency in this older group.118 Occasionally, post-
operative dysfunctional voiding is discovered, and this is effec-
tively treated with biofeedback and patient education about 
changes in the lower urinary tract after surgery. In refractory 
cases, augmentation cystoplasty may be considered. In cases of 
de novo or worsened symptoms, consideration may be given to 

urethrolysis, although there are no data to support its success in 
patients without obstruction.

Conversely, some have improved overactive bladder symp-
toms after anti-incontinence procedures. After TVT, Segal and 
colleagues reported resolution of urgency in 63.1% of patients 
with preoperative mixed incontinence symptoms.119

COMPLICATIONS OF LAPAROSCOPIC SUSPENSIONS

Previously reported trials of laparoscopic colposuspension have 
had success rates of 40% to 100%.120-126 However, these trials were 
nonrandomized, they had short follow-up times, and a number 
of factors, including patient selection and severity of inconti-
nence, were not clearly defi ned.

Su, TH and coauthors127 published results of a prospec-
tive trial comparing conventional colposuspension to laparo-
scopic colposuspension in 92 patients with 1 year follow-up. 
Although the reported success rates were signifi cantly lower 
in the laparoscopic group (80.4% versus 95.6%), blood loss, 
hospital stay, and complication rates (17.4% versus 10.8%) were 
higher in the traditional colposuspension group. Moehrer 
and colleagues128 found, in comparing laparoscopic with open 
colposuspension, that perioperative complications (including 
UTIs, dysuria, hematuria, voiding diffi culties, wound infections, 
and retropubic hematoma) were slightly more frequent, but 
not signifi cantly so, with the laparoscopic approach. The 
incidence of bladder injuries was higher with the laparoscopic 
technique.128

In randomized trials of laparoscopic colposuspension and 
TVT, Valpas and associates129 found no difference in cure rates 
at 6 weeks’ follow-up, but the TVT procedure was associated with 

Table 49-4 Summary of Series on Urethrolysis and Sling Incision/Loosening for the Treatment of Obstruction after 
Incontinence Surgery

Author and Ref. No. N Type of Urethrolysis Success (%)* Recurrent SUI (%)†

Zimmern et al.160 13 Transvaginal  92 N/A
Foster & McGuire104 48 Transvaginal  53  0
Nitti & Raz103 42 Transvaginal  71  0
Cross et al.114 39 Transvaginal  72  3
Goldman et al.113 32 Transvaginal  84 19
Carey et al.112 23 Transvaginal with Martius fl ap  87 16
Petrou et al.116 32 Suprameatal  67  3
Webster & Kreder105 15 Retropubic  93 13
Petrou & Young115 12 Retropubic  83 25
Carr & Webster102 54 Mixed  78 14
Amundsen et al.107 32 Transvaginal and sling incision  94 (retention)

 67 (urge sx)
 9

Nitti et al.109 19 Sling incision  84 17
Goldman108 14 Sling incision  93 21
Klutke et al.95 17 TVT incision and/or loosening 100  6
Rardin et al.97 23

TVT incision
100 (retention)
 30 (urge sx cured)
 70 (urge sx improved)

39 (two-thirds less SUI than before TVT)

*Success is usually defi ned as cure or signifi cant improvement in presenting symptoms (resumption of normal bladder emptying for patients in retention; 
resolution of symptoms for patients with obstructive symptoms or frequency, urgency, or urge incontinence). In some series, success for specifi c symp-
toms is noted.
†Recurrent SUI is defi ned as the percentage of patients without SUI before urethrolysis who experienced SUI after urethrolysis.
N/A, not applicable; SUI, stress urinary incontinence; sx, symptoms; TVT, tension-free vaginal tape.

Ch049-X2339.indd   496 1/31/2008   2:39:18 PM



 Chapter 49 COMPLICATIONS OF INCONTINENCE PROCEDURES IN WOMEN 497

injury is the most common intraoperative complication and can 
be repaired laparoscopically.

Complications of the Artifi cial Urinary Sphincter

The current artifi cial urinary sphincter (AUS) device, the AS-800 
(American Medical Systems, Minneapolis, MN), may be placed 
by a retropubic or transvaginal approach.132-135 The abdominal 
approach has been supported, but dissection through the ure-
throvaginal septum may be diffi cult due to extensive scarring. In 
1988, Appell described vaginal placement of the artifi cial urinary 
sphincter and reported a 100% success rate in 34 women with no 
increase in device infection or erosion rate.133

Although continence rates with the AUS are favorable (60% 
to 100%), the advent of periurethral bulking agents and modifi -
cations in sling surgery has created a limited role in women with 
intrinsic sphincter dysfunction. Mark and Webster compared the 
results of the AUS with those of the pubovaginal sling in 77 
patients with intrinsic sphincter dysfunction.136 Both procedures 
were favorable, with success rates of 84% and 91%, respectively. 
Complications associated with AUS implantation include erosion, 
infection, device failure, and intraoperative injury to the urethra, 
bladder, and/or vagina. Inadvertent injury to these organs should 
not necessarily preclude implantation of the device137 but may 
affect the explantation rate.137,138 In the series of Costa and asso-
ciates,138 51 of 206 patients had intraoperative injuries, and 14 
required explantation of the device at a median of 11 months 
after implantation. Risk factors for explantation include age, type 
and number of prior surgeries, elapsed time between last proce-
dure and AUS insertion, and perioperative injury. Risk of erosion 
has decreased since the introduction of a modifi ed cuff, but con-
cerns of late urethral atrophy still exist. The reoperation rate for 
revision was reported to be 9% to 22% over a 2.5- to 3-year 
period.133,135 Unlike in men, where infection is usually localized 
to the perineum and superfi cial abdominal wall, in women an 
infected device could result in a pelvic abscess requiring 
drainage.135

A

B

Figure 49-8 Transvaginal urethrolysis. A, An inverted U-shaped 
anterior vaginal wall incision is made after subepithelial injection of 
local anesthetic with epinephrine. The apex of the “U” is midway 
between the bladder neck and the urethral meatus. If a midline 
incision is made, it should extend from the mid-urethra to 2 cm 
behind the bladder neck. Sharp dissection is performed laterally 
beneath the vaginal epithelium on each side to the level of the 
pubic bone. The endopelvic fascia is perforated sharply at the level 
of the urethra on each side. The retropubic space is entered. 
B, Vaginal epithelial fl aps are refl ected laterally, and the 
“glistening” periurethral fascia is exposed. With sharp and blunt 
dissection, the urethra is mobilized laterally and circumferentially 
from the distal one third to the bladder neck. Attachments to the 
undersurface of the pubic bone are excised or swept down with 
the index fi nger retropubically. After initial mobilization, we place 
a long-nose right angle clamp around the urethra (ventrally or 
cephalad) under direct vision and pull through a Penrose drain. 
Downward traction on the Penrose further aids visualization and 
sharp dissection of all retropubic attachments. The index fi nger 
then may be placed completely around the urethra and against the 
posterior pubic bone. (From Nitti VW, Raz S: Obstruction following 
anti-incontinence procedures: Diagnosis and treatment with 
transvaginal urethrolysis J Urol 152:93-98, 1994.)

less analgesic use, shorter hospital stay, and faster return to nor-
mal voiding. Persson and colleagues130 found no difference in 
cure rates at 1 year follow-up. In a separate trial of 33 patients 
randomized to undergo a laparoscopic Burch procedure, there 
were two cases of intravesical sutures, one bowel injury, three 
conversions to laparotomy because of adhesions, four patients 
with postoperative hematocrits lower than 28%, one ileus, and 
one pulmonary embolism.131 A systematic review found laparo-
scopic colposuspension to have a 9% higher risk of failure after 
up to 18 months of follow-up.128 Complications of laparoscopic 
surgery for SUI are similar to those of open surgery. Bladder 
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Complications of Periurethral Bulking Agents

Periurethral bulking agents are placed submucosally, usually by 
injection, into the intrinsically damaged urethra and serve to 
increase coaptation and raise urethral resistance to increases in 
abdominal pressure (Fig. 49-9). Bulking agents can be delivered 
by a transurethral or a periurethral route.139 Polytetrafl uoroeth-
ylene (PTFE) paste, introduced in the 1970s, was the fi rst bulking 
agent used.140 There has been documented evidence of PTFE 
particle migration.141 This has led to concerns regarding the safety 
of this procedure and has limited its use in the United States. 

Glutaraldehyde cross-linked (GAX) collagen is the most widely 
used agent.142-144 GAX collagen (Contigen, C.R. Bard Inc., 
Covington, GA) is a highly purifi ed 35% suspension of bovine 
collagen in a phosphate buffer containing at least 95% type I 
collagen and 1% to 5% type III collagen. Due to a 1% to 4% 
reported incidence of allergic reaction to GAX collagen, all 
patients are skin-tested 1 month before planned treatment. Some 
patients have experienced delayed hypersensitivity reactions 
despite preoperative skin testing.145

The U.S. Food and Drug Administration approved the bulking 
agent Durasphere (Advanced UroScience, St. Paul, MN), which 

A B

C

Figure 49-9 A, Large submucosal tumor in lateral bladder wall of a 
patient with a history of periurethral collagen injection for intrinsic 
sphincter dysfunction. B, After resection, the tumor was found to be 
a collagenoma from previous collagen displacement of periurethral 
injection. C, Magnetic resonance image showing bladder neck 
collagenoma causing obstruction.
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consists of nonabsorbable pyrolytic carbon-coated zirconium 
oxide beads suspended in a water-based carrier gel. Target bead 
size ranges from 251 to 300 μm, which is greater than the 80-μm 
threshold for particle sizes associated with migration in tissue.145 
The pyrolytic carbon is nonreactive, has no associated antigenic-
ity, and does not require preoperative skin testing. Complications 
associated with Durasphere are similar to those associated with 
collagen. The incidences of acute urinary retention and urgency 
may be higher with Durasphere (24.7% versus 16.9%, respec-
tively) than with bovine collagen (11.9% and 3.4%, respec-
tively).146 Although Durasphere is reported to be nonmigratory,146 
Pannek and colleagues observed migration into local and distant 
lymph nodes, but this has unknown clinical signifi cance.147

Complications associated with injection of periurethral bulk-
ing agents are rare and usually self-limited. The most common 
is transient urinary retention lasting 24 to 48 hours. Most 
series report transient retention rates of 1% to 10%.142-144,148,149 
One series reported a rate of 60%.150 Retention beyond 48 hours 
is unusual. One series reported that 6% of patients had transient 
retention of 2 weeks.150 Our own experience is that diffi culty in 
emptying occurs in about 1% of patients and almost always 

resolves within 24 hours. Transient hematuria has been reported 
in 2% to 16% of cases.142,148 Transient irritative voiding symp-
toms, including urge incontinence, may occur in 8% to 10% of 
patients.149,150 The incidence of UTI is similarly low (0% to 
12%).148-151 Complications reported with periurethral bulking 
agents resolve quickly and are usually minor.

CONCLUSION

Pelvic fl oor surgeons treat SUI with a variety of effective pro-
cedures. Performing a thorough evaluation before treatment 
achieves the best short- and long-term results. Use of the appro-
priate surgical procedure for an individual patient lessens the 
likelihood of complications and morbidity. However, complica-
tions are unavoidable with surgical procedures. Patients should 
be informed of common potential complications, and their 
treatment, before surgery. A well-informed patient, one who 
understands a range of treatments and surgeries as well as their 
success and complication rates, will be the most satisfi ed 
patient.
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Chapter 50

FEMALE SEXUAL FUNCTION 
AND DYSFUNCTION
Irwin Goldstein

Why is there a chapter concerning women’s sexual function and 
dysfunction in a textbook entitled Female Urology? The answer 
should be obvious. Urologists and gynecologists who practice 
“female urology” will encounter women with sexual health 
concerns.1,2

A woman’s general health is a fundamental human right. If 
this is accepted, then urologic health and gynecologic health are 
fundamental human rights. If this is accepted, then sexual health 
should be a fundamental human right. If sexual health is a 
woman’s fundamental human right, then health care providers 
need to be educated on the fundamentals of women’s sexual 
health care delivery.3,4

The goal of a female urologic practice must be to maximize 
“female urology” health care delivery to all women, and this 
includes  maximizing sexual health care delivery to women. 
Currently, there are limited numbers of female urology health 
care professionals offering comprehensive psychological and 
biologic sexual health care for women.

It is the objective of this chapter to help the interested female 
urologist to achieve the goal of maximizing sexual health care 
delivery to all their women patients. The aim is to provide rele-
vant, evidence-based clinical information to help diagnose and 
treat specifi c biologic-based sexual health pathophysiologies. It is 
neither logical nor rational to continue to focus sexual health care 
delivery primarily on males with sexual health concerns, as is 
currently occurring in medicine.

It is not within the realm of this chapter to thoroughly discuss 
psychological management of sexual health issues in women. 
Even though health care professionals need to be holistic in man-
aging female (and male) sexual dysfunction, the goals of this 
chapter are to educate the biologic-focused health care profes-
sional on how to identify the pathologies associated with the 
sexual health concerns and to provide evidence-based safe and 
effective biologic management strategies. A clinical, biologic-
based paradigm is presented at the end of the chapter, founded 
on results derive d from emerging basic science and evidence-
based data drawn from clinical research.

Ideally, state-of-the-art sexual health care for affl icted women 
and couples will be directed from medical school–based sexual 
medicine centers that are devoted to the study, diagnosis, and 
treatment of men and women with sexual disorders. These facili-
ties will be composed of multidisciplinary groups, including 
female urologists. Cases in such multidisciplinary centers would 
be managed by a team of allied health care professionals, mental 
health care professionals, and physical therapists, under the 
direction of sexual medicine physicians who may be board-
certifi ed in urology or female urology.

SEXUAL HEALTH

According to the World Health Organization,3 sexual health 
“refers to a state of physical, emotional, mental, and social well-
being related to sexuality.” All women have the right to a “posi-
tive and respectful approach to sexuality and sexual relationships, 
having pleasurable and safe sexual experiences, free of coercion, 
discrimination and violence.” Moreover, “For sexual health to be 
attained and maintained, the sexual rights of all persons must be 
respected, protected and fulfi lled.”3

The World Association of Sexual Health has stated4 that 
women (and men) have the right to sexual equity—the freedom 
from all forms of discrimination regardless of sex, gender, sexual 
orientation, age, race, social class, religion, or physical and emo-
tional disability.” Women (and men) also have the right to sexual 
pleasure—sexual pleasure is a source of physical, psychological, 
intellectual, and spiritual well-being.

What are the Barriers to Providing Women’s Sexual 
Health Care in the Female Urology Practice

Physicians in general and female urologists in particular face 
a challenge in fi nding the time and opportunity to discuss 
their women patient’s sexual health concerns, especially with 
the increasing and growing demands for other health care issues, 
including the signifi cant fi nancial pressures of providing 
“managed care.” Additionally, most physicians have limited 
training in the diagnosis and treatment of sexual health concerns. 
Currently, American medical schools devote on average less than 
10 hours to sexual medicine education.5 Independent of the phy-
sicians, patients are also often unwilling or too uncomfortable to 
initiate a discussion about their own sexual problems.6

Sexual medicine issues are complex, and it is often diffi cult to 
separate psychological issues and interpersonal relationship con-
cerns from biologic disorders.7 There are only limited evidence-
based data available for diagnosis and management. Sexual health 
concerns are, in general, secondary to mind, body, and relation-
ship issues that are interrelated in unique and individual ways 
and molded with distinct couple dynamics to cause the particular 
sexual problem.7 Psychological factors include previous sexual 
trauma and abuse, sexual neuroses, sexual inhibitions or idiosyn-
cracies, and interpersonal relationship issues.8 Biologic factors 
may involve such pertinent aspects as aging; exposure to vascular 
risk factors; urologic conditions such as interstitial cystitis, previ-
ous radical cystecomy, and recurrent urinary tract infections; 
gynecologic conditions such as endometriosis, previous hyster-
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ectomy, childbirth, infertility issues, and sexually transmitted 
infections; infl ammation; abnormal immunologic conditions; 
abnormal hormonal states (Figs. 50-1 and 50-2); tumors; 
mechanical compartment syndromes; blunt or penetrating trau-
matic injury; tissue weakness with organ prolapse; and others. 
Sexual health problems may also stem from the contribution of 
the male partner in women’s sexual health.1,7,8

Why Should Female Urology Practice Expand to 
Include Women’s Sexual Heath Care

Female urologists offer urogynecologic health care to women, 
and this should include comprehensive sexual health care. Over 
the last 30 years, urologic specialists have led the many advances 
realized in the biologic-based knowledge in sexual medicine.9 
Furthermore, urologists have revolutionized the therapeutic 
armamentarium for contemporary management of biologic-
focused men’s sexual health care.9 Practically, female urologists 
are in a unique position to understand that female peripheral 
sexual organs are an essential component of the anatomy and 
physiology of the peripheral genitalia and pelvic fl oor 
constituents.

Many population-based studies have revealed a high preva-
lence of sexual health concerns in women of all ages.2,8,10-15 A 
woman’s sexual problems can cause signifi cant personal distress 
in approximately 25% of those with sexual health concerns, 
including a diminution of self-worth and self-esteem, a reduction 
in life satisfaction, and a decline in the quality of her relationship 
with her partner.10-15 Many investigations have shown that a sat-
isfying sex life is important to most women throughout most of 
their lives.16 As life expectancy increases, there are increasing 
numbers of aging women.17 Sexual health concerns are more 
common among aging women than among younger women.10-15 
The number of postmenopausal women worldwide in the year 
2000 was 569 million; that number is projected to grow to 967 
million by 2020 and to 1.2 billion by 2030.17 As a result of the 
controversy concerning hormone therapy that followed the 

release of the Women’s Health Initiative fi ndings in 200218 mil-
lions of menopausal women altered and or discontinued hormone 
therapy practices, and this directly infl uenced many women’s 
subsequent vaginal physiology and sexual interest states.19 As the 
decline in estrogen production begins in transition to meno-
pause, sexual dysfunction becomes common, often interfering 
with women’s interest in, and satisfaction with, sexual activity.

It is important to note the existence of the International 
Society for the Study of Women’s Sexual Health (ISSWSH), an 
international, multidisciplinary, academic, clinical, and scientifi c 
organization. The purposes of ISSWSH are to provide opportu-
nities for communication among scholars, researchers, and prac-
titioners about women’s sexual health; to support the highest 
standards of ethics and professionalism in research, education, 
and clinical practice relative to women’s sexual health; and to 
provide the public with accurate information about women’s 
sexual health. Interested health care professionals should visit the 
organization’s web site, (http://www.isswsh.org) for more infor-
mation. More detailed information about ISSWSH and the man-
agement of women’s sexual health concerns may be found in 
the multidisciplinary textbook written primarily by ISSWSH 
members entitled, Women’s Sexual Function and Dysfunction: 
Study, Diagnosis and Treatment.20

Figure 50-1 Examination of the genitalia exposed to a normal 
hormonal milieu reveals a well-defi ned and robust clitoral glans and 
corona, bilateral frenular tissue, bilateral labia minora, shiny vaginal 
lubricating material, and vaginal rugae. The clitoral prepuce is 
retracted.

Figure 50-2 Examination of the genitalia exposed to an abnormally 
low hormonal milieu reveals an atrophied, poorly defi ned clitoral 
glans. The corona and bilateral frenular tissue are not visible. The 
clitoral prepuce is phimotic, the vaginal rugae are absent, and the 
vestibular tissue appear erythematous.
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EPIDEMIOLOGY AND CLASSIFICATION

There are limited population-based epidemiologic studies of 
women with sexual health concerns.2,8,10-15 Based on current 
published information, the following is the most contemporary, 
internationally consensed classifi cation system.21

Women’s sexual interest/desire disorder: Absent or diminished 
feelings of sexual interest or desire, absent sexual thoughts 
or fantasies and a lack of responsive desire. Motivations 
(here defi ned as reasons/incentives) for attempting to 
become sexually aroused are scarce or absent. The lack of 
interest is considered to be beyond a normative lessening 
with life cycle and relationship duration.

Subjective sexual arousal disorder: Absence of or markedly 
diminished feelings of sexual arousal (sexual excitement 
and sexual pleasure) from any type of sexual stimulation. 
Vaginal lubrication or other signs of physical response still 
occur.

Genital sexual arousal disorder: Complaints of absent or 
impaired genital sexual arousal. Self-reports may include 
minimal vulval swelling or vaginal lubrication from any 
type of sexual stimulation and reduced sexual sensations 
from caressing genitalia. Subjective sexual excitement still 
occurs from nongenital sexual stimuli.

Combined genital and subjective arousal disorder: Absence of, 
or markedly diminished feelings of, sexual arousal (sexual 
excitement and sexual pleasure) from any type of sexual 
stimulation as well as complaints of absent or impaired 
genital sexual arousal (vulval swelling, lubrication).

Persistent sexual arousal disorder: Spontaneous, intrusive and 
unwanted genital arousal (e.g., tingling, throbbing, pulsat-
ing) in the absence of sexual interest and desire. Any aware-
ness of subjective arousal is typically but not invariably 
unpleasant. The arousal is unrelieved by one or more 
orgasms and the feelings of arousal persist for hours or 
days.

Women’s orgasmic disorder: Despite the self-report of high 
sexual arousal/excitement, there is either lack of orgasm, 
markedly diminished intensity of orgasmic sensations or 
marked delay of orgasm from any kind of stimulation.

Dyspareunia: Persistent or recurrent pain with attempted or 
complete vaginal entry and/or penile vaginal intercourse.

Vaginismus: Persistent diffi culties to allow vaginal entry of a 
penis, a fi nger, and/or any object, despite the woman’s 
expressed wish to do so. There is variable involuntary pelvic 
muscle contraction, (phobic) avoidance and anticipation/
fear/experience of pain. Structural or other physical abnor-
malities must be ruled out/addressed.

Sexual aversion disorder: Extreme anxiety and/or disgust at the 
anticipation of/or attempt to have any sexual activity.

Laumann and associates, in a U.S. population-based study of 
more than 1700 women, observed that more than 40% reported 
sexual health concerns.15 In that investigation, the most common 
sexual health concern was lack of sexual desire, followed by 
inability to achieve orgasm, lack of pleasure from sex, and pain 
during sex. Poor health, emotional problems or stress, decline in 
social status, and having ever been forced sexually were among 
the factors associated with low desire, arousal disorder, and 
sexual pain. A worldwide survey of more than 27,000 men and 
women aged 40 to 80 years assessed the relevance of sex and the 
prevalence of sexual dysfunction.22 In that survey, women’s sexual 
health concerns were classifi ed into fi ve subcategories: lack of 
interest in sex, inability to achieve orgasm, lubrication diffi culties 
(dryness), sex not pleasurable, and pain during sexual intercourse 
(dyspareunia). The percentage of women who reported having at 
least one sexual health concern on a frequent or persistent basis 
was 39%. The percentage of women who reported having only 
one of the fi ve sexual health concerns ranged from 10% for 
“dyspareunia” to 21% for “lack of interest in sex.”8,22

Contemporary international prevalence data concerning 
women’s sexual health problems, are represented in Table 
50-1.2,8,10-15,22

Table 50-1 Estimated International Prevalence of Women’s Sexual Health Concerns from Various Studies

Concern Current Prevalence (%) 1-Year Prevalence (%) Lifetime Prevalence (%)

Problems with sexual desire or sexual interest  7 31
Problems with excitement or pleasure 23 20
Lubrication diffi culties or vaginal dryness 20 19-23
Infrequent orgasm or diffi culties in reaching orgasm  4-41
Inability to experience orgasm
 For several months 16*
 For 2 months or longer 18†

 More than 50% of the time 25†

Pain during or after sex  3-48 17-19 (population-based)
10-20 (clinic-based)

Any problem with desire, arousal, orgasm, or pain 33-35‡

Any current sexual problem 45§

Any sexual problem 43

*Estimate is from a single population-based study.
†Both estimates are from a single population-based study.
‡Estimates are from two population-based surveys using similar instruments.
§Estimate (1-month prevalence) is from a single national study.
Data from references 2, 8, 10-15, 22.
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The Continuum Hypothesis for Women’s Sexual 
Health Concerns

In various medical conditions, there are those individuals who 
are free of a specifi c condition and there are those, at the opposite 
end of the spectrum, who are affl icted with the overt clinical 
manifestations of the condition. The same must hold true for 
women’s sexual health conditions. There likely is an as yet 
undefi ned continuum whereby women without sexual health 
problems ultimately develop the condition of frank sexual dys-
function. A continuum may be considered as a continuous 
series of events that blend into each other so gradually and 
seamlessly that it is impossible to say where one stage becomes 
the next.

One hypothesis is that women without the condition fi rst 
develop an intermediate stage involving complaints of problems 
with sexual desire, arousal, lubrication, sensation, orgasm, and 
pain without any accompanying personal distress.23 The patho-
physiology is most likely multifactorial and may be secondary to 
medical conditions such as hormonal milieu changes or vascular 
disease; psychological conditions such as depression; medications 
that may contribute to symptoms, such selective serotonin reup-
take inhibitors and antipsychotics; or any other social or relation-
ship issues that may play a role, such as a history of sexual abuse 
or partner-related issues. Ultimately, when personal distress 
results as a consequence of the persistence or intensity of the 
sexual symptoms, the problem is considered to have evolved into 
frank sexual dysfunction  (Fig. 50-3A).23,24

Consistent with the hypothesis that sexual health concerns 
exist in a continuum, one may then introduce the additional 
concept of an earlier intermediate stage. The idea of a subclinical 
stage of women’s sexual health concerns, one that occurs before 
the onset of overt symptoms but is recognized clinically by 
abnormal questionnaire results and/or laboratory values, comes 
from recent prospective, multi-institutional studies.25,26 With the 
goal of defi ning androgen levels in a premenopausal population, 
prospective candidates underwent an initial interview to identify 
those “free of sexual health problems.” Women who met inclu-

sion and exclusion criteria subsequently underwent determina-
tion of androgen levels and completion of a validated sexual 
function questionnaire on which low scores indicated poor 
sexual function. A subgroup of women from that study, who 
perceived themselves as having no defi cits in sexual function 
and presented to take part in the study as the control population, 
were found to have scores on the validated sexual function 
questionnaire consistent with sexual health problems. These 
abnormal fi ndings precluded their inclusion in the control group. 
We subsequently attempted to better characterize the women 
in this group by recording androgen levels. In these asymptom-
atic women with low validated sexual function questionnaire 
scores, androgen levels were found to be virtually indistinguish-
able from those of women with symptomatic sexual dysfunction 
and signifi cantly lower than those of women who denied sexual 
concerns and scored higher on the validated sexual function 
questionnaire.

The concept of a subclinical stage of a medical condition is 
well established in the literature. For example, subclinical hypo-
thyroidism27 is considered to exist when there is an abnormally 
elevated thyroid-stimulating hormone level in a patient who has 
not yet manifested obvious or evident symptoms of hypothyroid-
ism (e.g., fatigue, depression, osteoporosis, weight gain). Other 
scenarios of subclinical medical conditions are well described, 
such as impaired glucose tolerance, elevated liver function tests,28 
or abnormal electrocardiogram associated with early coronary 
atherosclerosis.29 The term subclinical refers to those situations in 
which abnormal testing or laboratory values may be a harbinger 
that precedes overt symptoms of the condition.

There is a previously undefi ned population of women who 
claim an absence of sexual health problems on initial clinical 
interview but who are found to have validated psychometric 
questionnaire scores consistent with the presence of sexual health 
concerns and androgen levels comparable to those seen with 
androgen insuffi ciency. It is hypothesized that the development 
and progression of women’s sexual health problems follows a 
continuum. In this continuum hypothesis, women without 
sexual health complaints may progress fi rst through a subclinical 

A B
Figure 50-3 A, It is proposed that, in the clinical spectrum of women’s sexual function/dysfunction, there is an as yet undefi ned continuum 
of conditions that gradually blend into each other such that it is diffi cult to say where one stage becomes the next. In the continuum 
hypothesis of women’s sexual health complaints, there are women without sexual health problems, women with specifi c conditions of frank 
sexual dysfunction, and an intermediate group including women with sexual health complaints. B, In the continuum hypothesis of women’s 
sexual health complaints, the intermediate stage may begin in some asymptomatic women with a recognizable subclinical stage in which 
abnormal testing or laboratory values may be a harbinger that precedes overt symptoms and distress.
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stage, followed by a symptomatic stage, and subsequently 
develop frank sexual dysfunction when the sexual problem 
becomes clinically meaningful and is associated with personal 
distress (see Fig. 50-3B). Future research studies are needed to 
assess the relevance of these intermediate stages of women’s 
sexual health, in general, and the subclinical state of female 
sexual dysfunction, specifi cally. In particular, it would be of 
interest to investigate the role of any prophylactic management 
strategies, psychological and biologic, that may halt the develop-
ment of future overt clinical symptoms and/or frank sexual 
dysfunction.

PHYSIOLOGY AND PATHOPHYSIOLOGY

Effect of the Male Partner who has Erectile Dysfunction

Whereas substantial investigation has taken place on the effects 
of selective phosphodiesterase type 5 (PDE5) inhibitors in men 
with erectile dysfunction (ED), little attention has been given to 
the sexual responses of their female partners. A typical inclusion 
criterion in the trials of such drugs was the existence of a stable 
heterosexual relationship. Participation of the woman was vol-
untary and was limited to assessments of treatment satisfaction. 
The female partners of men with ED were thought to uncondi-
tionally support their partners’ sexual treatment. The issues 
relating to the perspective of the woman, her well-being, quality 
of life, sexual function and sexual satisfaction, in relation to 
either existing or successfully treated ED, were not taken into 
consideration.

Couples share their sexual dysfunctions. Women with men 
who have ED may have their own sexual function adversely 
affected. What are the scientifi c data available concerning changes 
in sexual function among those women whose partners have 
ED? Blumel and colleagues examined a sample of 534 otherwise 
healthy women who had ceased sexual activity with their male 
partners. It was noted that, in the cohort younger than 45 years 
of age, ED was the most frequently cited reason for cessation of 
the woman’s sexual activity.30

Initial studies were, however, obtained with data from the 
man’s perspective. Past research in this area involved inquiries 
addressed to men with ED about the effect of their sexual problem 
on their women partners. One study showed signifi cant improve-
ment in the marital interaction score when men with ED used a 
selective PDE5 inhibitor.31

Contemporary research has fi nally begun to address the issue 
from the woman’s perspective. Data from several investigations 
are derived from the woman herself, as her own study subject. 
Cayan and colleagues performed a prospective study assessing the 
sexual function of women with men who had ED.32 The study 
involved 38 such women, as well as a control group of 49 women 
whose male partner did not have ED. Women’s sexual functions, 
including sexual arousal, lubrication, orgasm, satisfaction, pain, 
and total score, were signifi cantly diminished among women 
with men who had ED. Among those women whose male part-
ners received treatment (penile prosthesis insertion, oral PDE5 
inhibitor treatment) for their ED, signifi cant improvements in 
sexual arousal, lubrication, orgasm, satisfaction, and pain in the 
women were identifi ed.

Montorsi and Althof investigated thoughts and views on 
intercourse satisfaction in 930 women whose male partners were 
taking a selective PDE5 inhibitor to manage ED.33 These women 

had signifi cantly higher intercourse satisfaction than did women 
whose men were using a placebo.

Chevret and coworkers developed and validated the Index of 
Sexual Life to measure sexual function of women in relationships 
with men with ED.34 Such women were found to have signifi -
cantly diminished sexual drive and sexual satisfaction compared 
to women whose male partners did not have ED.

Oberg and colleagues examined data from a nationally repre-
sentative Swedish cross-sectional population investigation of 
sexual life, attitudes, and behavior.11 A total of 926 women, aged 
18 to 65 years, were sexually active in a steady heterosexual rela-
tionship during the 12 months before the investigation. Data 
from women who claimed personally distressing sexual dysfunc-
tions quite often, almost all the time, or all the time were com-
pared with data from women who had no sexually dysfunctional 
distress. Women reporting distress due to low sexual interest or 
orgasmic dysfunction were very likely to have a partner with an 
ED (odds ratios, 47.6 and 20.0, respectively).

In the Female Experience of Men’s Attitudes to Life Events 
and Sexuality study,35 data were analyzed from 283 women in 
eight countries whose male partners had ED. They were asked 
questions comparing their sexual activity, sexual function, and 
beliefs about sexuality before and since their partner had experi-
enced diffi culties with erection. Data were stratifi ed by the man’s 
self-reported degree of ED (mild, moderate, or severe). Women 
whose partners had ED reported a lower frequency of sexual 
activity currently, compared with before their partner developed 
erectile diffi culties. Signifi cantly fewer women reported that they 
experienced sexual desire, sexual arousal, orgasm, or sexual sat-
isfaction (“almost always” or “most times”) currently, compared 
with before their partner developed erectile diffi culties. There 
was a signifi cant correlation between the reduction in the 
woman’s frequency of orgasm, and her reduction in sexual sat-
isfaction, and the degree of her partner’s self-reported ED. 
Women had the lowest frequency of orgasm and the lowest sat-
isfaction with the sexual experience when their partners had 
severe ED.

Scientifi c data were obtained from a double-blind, multi-
center, 3-month, randomized trial involving men with ED who 
had been in a stable heterosexual couple relationship for at 
least 6 months.36,37 In this trial, women whose male partner 
had ED were asked at initial screening to complete the validated 
Female Sexual Function Inventory. Signifi cant improvement 
in the woman’s sexual function and sexual satisfaction were 
observed after their partner was treated with a selective PDE5 
inhibitor, vardenafi l (Fig. 50-4) versus placebo.

Effect of the Male Partner Who Has 
Premature Ejaculation

Because premature ejaculation is the most common male sexual 
dysfunction, affecting approximately 25% of men, it is likely that 
many women will experience a sexual relationship with a man 
with premature ejaculation.38 Premature ejaculation is objectively 
determined using a stopwatch to record intravaginal ejaculatory 
latency time, defi ned as the time between vaginal intromission 
and intravaginal ejaculation. It has been suggested that an intra-
vaginal ejaculatory latency time of 2 minutes or less may serve as 
a criterion for defi ning premature ejaculation.39

Women with men who have premature ejaculation may have 
signifi cant distress, interpersonal diffi culties, and dissatisfaction 
with sexual intercourse.40 The woman’s distress is a common 
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reason for the man to consult a clinician about premature 
ejaculation.

Byers and Grenier investigated the effect of premature ejacula-
tion on the sexual function of 152 couples.41 Concerning the 
couple’s perceptions of whether the premature ejaculation was 
a problem, reports of women and men were only moderately 
correlated. For both the women and the men, having more 

premature ejaculation characteristics was related to lower sexual 
satisfaction. The results suggested that, for most couples, the 
premature or early timing of ejaculation adversely affects sexual 
satisfaction.

Patrick and colleagues40 carefully selected patients with and 
without premature ejaculation based on stopwatch testing. The 
mean intravaginal ejaculatory latency time was 1.8 minutes in the 
207 men with premature ejaculation. This was signifi cantly lower 
than the time (7.3 minutes) in the 1380 men without premature 
ejaculation. Women whose male partner had premature ejacula-
tion had signifi cantly decreased satisfaction with sexual inter-
course and signifi ciantly increased interpersonal diffi culty and 
distress, compared to women whose partner did not have pre-
mature ejaculation (P < .0001). They also reported “poor” or 
“very poor” satisfaction with sexual intercourse (28% versus 2%) 
and gave worse ratings (“quite a bit” or “extremely”) for personal 
distress (44% versus 3%) and interpersonal diffi culty (25% versus 
2%), compared to women whose partner did not have premature 
ejaculation (P < .0001).

Changes in the Female Genitalia with Aging

The structure and function of a woman’s genitalia are highly 
dependent on the sex steroid hormonal milieu.1,19,42-46 As a woman 
ages or a young woman is exposed to medicines that interfere 
with the hormonal milieu (e.g., oral contraceptives, tamoxifene), 
her supply of sex steroid hormones (estradiol, testosterone, and 
progesterone) diminishes signifi cantly.1,19

Of importance, not all women have absent estradiol synthesis 
in the menopause. During menopause, ovarian estradiol produc-
tion ceases in all women. However, estrogen continues to be 
synthesized in the periphery (e.g., skin, adipose tissue, bone, 
muscle) in postmenopausal women through conversion of 
androstenedione to estrone and testosterone to estradiol, but the 
amount of estradiol synthesized depends, in part, on the enzy-
matic activity of aromatase.

Estrogens and androgens are required for genital tissue struc-
ture and function.19 These hormones act on estrogen and andro-
gen receptors, respectively, which exist in high numbers in genital 
tissues, including the epithelial/endothelial cells and smooth 
muscle cells of the vagina, vulva, vestibule, labia, and urethra. 
Diminished estrogen production for natural or iatrogenic reasons 
renders women’s genital tissues highly susceptible to atrophy (see 
Figs. 50-1 and 50-2). Physical examination7,47 of the postmeno-
pausal woman’s genitalia shows clitoral atrophy, phimosis, and 
nearly absent labia minora (Fig. 50-5). The appearance of a 
woman’s labia minora mirrors her level of estradiol, because 
these labia are exquisitely sensitive to estradiol. The urogenital 
area termed the vestibule is very important in female sexual func-
tion because it contains organs that are sensitive to both estrogen 
and androgen. For example, the clitoral tissues and prepuce are 
androgen sensitive. The minor vestibular glands (Fig. 50-6), 
which are located in the labial-hymenal junction, are embryo-
logically derived from the glands of Littre, which are also andro-
gen dependent. The glands of Littre are located on the anterior 
surface of the urethra.

A host of structural changes and cellular dysfunctions occur 
in women’s genital tissues as a result of estrogen defi ciency.7,48-51 
For example, estrogen defi ciency specifi cally in the vagina leads 
to vaginal atrophy. One consequence is an alteration in the nor-
mally acidic vaginal pH that discourages the growth of patho-
genic bacteria. The change to an alkaline pH value in the atrophic 

A

B
Figure 50-4 A, At baseline, there was no difference in total Female 
Sexual Function Index (FSFI) scores of untreated woman whose 
partners with erectile dysfunction were assigned to placebo versus 
treatment with vardenafi l, a selective phosphodiesterase type 5 
(PDE5) inhibitor. At 3 months or last observation carried forward 
(LOCF), the total FSFI score fell if the woman’s partner was 
assigned to placebo and increased if he was assigned to PDE5 
inhibitor treatment. The total FSFI scores were signifi cantly different 
(asterisk) between placebo and active groups by Week 12 and at 
LOCF. B, At 3 months, those untreated women whose male 
partners with erectile dysfunction received the active PDE5 inhibitor 
vardenafi l had signifi cant increases in all domains of the FSFI except 
for sexual pain; those whose partners received placebo had 
signifi cant decreases in all domains of the FSFI except for sexual 
pain.
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vagina leads to a shift in the vaginal fl ora, increasing the likeli-
hood of discharge and odor. In an estrogen-rich environment, 
glycogen from sloughed epithelial cells is hydrolyzed into glucose 
and then metabolized to lactic acid by normal vaginal fl ora. In 
postmenopausal women, however, epithelial thinning reduces 
the available glycogen.

In addition to vaginal atrophy and a reduction in organ size, 
other signs of a decline in sex hormones in women include 
vaginal dryness, absent secretions or lubrication, pale or infl amed 
tissue, petechiae, epithelial/mucosal thinning, organ prolapse, 
changes in external genitalia, decreased tissue elasticity, and loss 
of smooth muscle. Symptoms of women’s sexual health concerns 
that the clinician may elicit when taking a history in a meno-
pausal woman are include dyspareunia, vaginismus, coital anor-
gasmia, vaginal and/or urinary tract infections (pH imbalance), 
and overactive bladder/incontinence.7,48-52

Effects of Sex Steroid Hormones on the Vagina

The human vagina consists of three layers of tissue: the epithe-
lium (composed of squamous cells), the lamina propria, and the 
muscularis (inner circular and outer longitudinal smooth 
muscle). The epithelium undergoes mild changes during the 
menstrual cycle. The lamina propria is replete with tiny blood 
vessels that become engorged with blood during sexual arousal, 
leading to lubrication. The smooth muscle of the muscularis 
enables the vagina to dilate and lengthen during penile penetra-
tion. Relaxation of that muscle leads to arousal. These three layers 
of tissue may function in an interrelated way (Fig. 50-7). It is 
hypothesized that the blood vessels in the lamina propria that 
allow for lubrication are dependent on growth factors, and that 
the growth factors are derived from the muscularis. Postmeno-
pausal atrophy of vaginal tissues may be caused by decreased 
synthesis these growth factors that results in diminished number 
of critical blood vessels in the lamina propria.

Figure 50-5 This is a photograph of a postmenopausal woman 
with clitoral atrophy, phimosis, and nearly absent labia minora.

Figure 50-6 This is a photograph of a premenopausal woman with 
bilateral erythema overlying the minor vestibular glands at the 
labial-hymenal junction. Note also the clitoral atrophy, phimosis, 
and nearly absent labia minora.

Figure 50-7 A grid overlies a histologic section of animal vagina 
illustrating the epithelium (left side of section), the lamina propria 
(middle) and the vaginal muscularis (right side). The grid is used to 
objectively measure the structural changes in the various vaginal 
layers in response to oophorectomy and then replacement by 
various doses and combinations of sex steroid hormones.
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Controlled studies employing a rat model of vaginal atrophy 
demonstrated the effects of various dosages of estrogen, proges-
tin, testosterone, and combinations of these hormones on physi-
ologic and anatomic outcome parameters.52 These measures 
included organ wet weight, vaginal blood fl ow, epithelial height, 
muscularis thickness, and vaginal innervation. In each study, the 
effects on the vagina of of the hormones being tested were com-
pared between rats that had undergone sham ovariectomies and 
rats that had actually had both ovaries removed. The hormones 
(or saline) were delivered through a pump inserted into the back 
of the neck of each animal. A Doppler probe inserted into the 
vagina was used to record blood fl ow after electrical stimulation 
of a nerve next to the vagina. All animals were then killed, and 
vaginal tissue was removed for biochemical or histologic studies. 
Removal of the ovaries was found to reduce the wet weight of the 
uterus, which rose again with administration of estrogen, because 
the uterus is a very estrogen-sensitive organ, much more so than 
the vagina.

Increased vaginal blood fl ow is an indicator of sexual arousal. 
Genital swelling and lubrication are responses to increased clito-
ral and vaginal perfusion; increased length and diameter of the 
vaginal canal and clitoral corpora cavernosa; engorgement of the 
vagina wall, clitoris, labia majora, and labia minora; and transu-
dation of lubricating fl uid from the vaginal epithelium. In the 
animal studies just described, blood fl ow to the vagina was greatly 
reduced in the oophorectomized rats compared with the intact 
rats. Contrary to what one might expect, subphysiologic doses of 
estradiol increased vaginal blood fl ow in oophorectomized rats 
more than either physiologic or supraphysiologic doses.52 Ovari-
ectomy deprived the rats of estradiol, causing the vaginal epithe-
lium to thin down to a single layer. Subphysiologic doses of 
estradiol increased the thickness of the vaginal epithelium most, 
because the oophorectomized rats had more estrogen ERα recep-
tors in the epithelium than the intact animals did. A small amount 
of estradiol delivered to tissue with many estrogen ERα receptors 
produced a huge response. Thus, estradiol regulates estrogen 
receptors through a negative feedback system. The more estradiol 
that is available, the fewer estrogen receptors there are. The mus-
cularis, the muscle that enables the vagina to lengthen and widen 
during sexual arousal, also atrophies without estrogen. In post-
menopausal women who do not take hormone therapy, the 
vaginal epithelium, lamina propria blood vessels, and muscularis 
all decrease. Like the epithelium, the muscularis responds to 
estradiol by increasing in thickness.52

Role of the Pelvic Floor in Women’s Sexual Function

Female urologists are familiar with the diagnosis and treatment 
of disorders of the female pelvic fl oor, especially bladder/urethra 
and sexual dysfunction. Normal function of the pelvic fl oor mus-
culature is essential in maintaining appropriate sexual function. 
Both “low-tone pelvic fl oor dysfunction” and “high-tone pelvic 
fl oor muscle dysfunction” can be closely associated with women’s 
sexual health concerns.53-57 Hypotonus of the pelvic fl oor muscles, 
resulting from childbirth, trauma, and/or aging, is related to 
urinary incontinence during orgasm, vaginal laxity, and/or 
thrusting dyspareunia secondary to pelvic organ prolapse. Hyper-
tonus of the pelvic fl oor caused by childbirth, postural stressors, 
microtrauma, infection, adhesions, or surgical trauma and can 
contribute to symptoms of urinary retention, reduced force of 
stream, dysuria, urgency, penetrative dyspareunia, and/or 
vaginismus.53-61

The assessment of tone in the pelvic fl oor is determined by 
the woman’s ability to isolate, contract, and relax the pelvic fl oor 
muscles. During a pelvic examination, a digital examination is 
used to assess pelvic fl oor tone; light pressure is exerted on the 
lateral walls of the vagina while the woman is asked to squeeze 
on the examining fi nger and to elevate the pelvic fl oor without 
simultaneously contracting the abdominal, gluteal, or adductor 
muscle groups. If the patient is not able to produce suffi cient 
muscle strength to compress the fi nger or is not able to sustain 
that pressure for several seconds, she may be exhibiting a low-
tone pelvic fl oor dysfunction pattern. Conversely, if the woman 
experiences muscle tenderness or pain when pressure is applied 
to the lateral vaginal wall or during an attempted squeeze against 
resistance, she may be exhibiting a high-tone pelvic fl oor dys-
function pattern. A perineometer or an electromyography probe 
designed to measure muscle activity can verify these physical 
examination fi ndings.53-61

Hypersensitivity disorders involving the genitourinary tract 
represent a spectrum of symptoms and conditions that include 
chronic bacterial cystitis, urgency and frequency syndrome, 
sensory urgency, urethral syndrome, interstitial cystitis, vulvar 
pain, vaginal pain, perineal pain, and pelvic pain. Hypersensitiv-
ity disorders, associated with hypertonus of the pelvic fl oor mus-
culature, account for some of the concerns of female patients 
who present for evaluation of sexual health concerns. Sexuality 
is adversely affected for most women with hypersensitivity disor-
ders of the bladder, bowel, or vulva or high-tone pelvic fl oor 
dysfunction. Those that are able to tolerate coitus often suffer 
a fl are of their symptoms for days as a result of sexual activity, 
and this becomes a negative reinforcement for future sexual 
activity.53-61

Weakness and laxity of the pelvic fl oor muscles represent a 
spectrum of symptoms and conditions that include pelvic organ 
prolapse with or without urinary or fecal incontinence. Risk 
factors include age, heredity, vaginal birth trauma, previous 
pelvic/vaginal surgery, history of radiation therapy, menopausal 
status, lifestyle factors such as strenuous lifting, and chronic 
medical conditions including obstructive pulmonary disease, 
obesity, and constipation. Stress incontinence that occurs with 
increased intra-abdominal pressure and maneuvers such as 
sneezing, coughing, and straining is related to abnormalities in 
urethral closure and poor pelvic muscle support. Sexuality is 
often adversely affected for women with severe low-tone pelvic 
fl oor dysfunction, especially for those with severe incontinence 
and prolapse in whom symptoms are a source of anxiety and 
interfere with the overall sense of sexual satisfaction. Women 
who experience incontinence during intercourse express concern 
about feeling undesirable, fearing embarrassment, and possibly 
infecting themselves or their partner.53-61

Urethritis, Recurrent Urinary Tract Infections, and 
Interstitial Cystitis

It is very common for women, especially during transition and 
in menopause, to complain of irritative voiding symptoms, 
especially burning, frequency, urgency, and nocturia, which sig-
nifi cantly interfere with sexual activity.62-65 In such women, the 
vulvovaginal and urinary irritative and burning symptoms are 
often poorly defi ned. Patient and physician confusion in this area 
occurs because the differential diagnosis of irritation and burning 
in the perineum, especially after coitus, involves multiple differ-
ent urologic and gynecologic conditions. Urologic conditions 
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that do not involve the urethral meatus include, for example, 
recurrent urethritis, recurrent urinary tract infections, urethral 
diverticula, irritable bladder, cystocele, ureteral stones, and endo-
metriosis of the ureter and/or bladder. Irritative symptoms that 
occur during voiding, especially after coitus, may also be associ-
ated with infl ammatory gynecologic conditions. In such situa-
tions, the contact of voided urine against the infl amed vestibular, 
vulvar, and/or vaginal tissues can result in signifi cant perineal 
burning and stinging. Vaginal yeast infections, vulvar dermatitis 
conditions, and uterine prolapse with or without rectocele are 
common gynecologic pathophysiologies. In many cases, expert 
urologic and gynecologic consultations are required to confi rm 
the multiple diagnoses in the individual patient so that varied 
specifi c focused treatments may be initiated.62-65

One rare genital sexual pain condition, called “interstitial cys-
titis,” is confusing and ill-defi ned; it is associated with severe 
urogenital and pelvic pain, urgency, frequency, nocturia, and 
dyspareunia.53,66 The pathophysiology of interstitial cystitis is 
unknown but appears be unrelated to any recognized bacterial 
pathophysiology. Interstitial cystitis symptoms, including the 
dyspareunia, often increase with the menses, increase during 
bladder fi lling, and decrease with bladder emptying. There is no 
defi nitive diagnostic test for interstitial cystitis. History, physical 
examination, urinalysis, urine culture, and maintenance of a 
voiding log are mandatory. Specifi c patient questionnaires are 
often useful. Other specifi c testing procedures include potassium 
sensitivity testing and cystoscopy with or without hydrodisten-
tion. Because it relates to the dyspareunia and genital sexual pain 
component associated with interstitial cystitis, treatment of the 
underlying condition is important.53,66

Dermatologic Conditions

Lichen sclerosis is a chronic genital dermatitis condition that is 
associated with varying intensity of symptoms including vulvar 
itch and/or burning and various degrees of vulvar scarring leading 
to narrowing of the introitus and dyspareunia.61-64,66 There is a 
wide variation in presentation symptoms. In some women, espe-
cially those not sexually active, there can be minimal symptoms 
and the patient may be unaware of the condition of lichen scle-
rosis for years. Alternatively, the burning and itching symptoms 
can be so intense as to severely interfere with sexual activity, day-
to-day activities, and even sleep. If the scarring of lichen sclerosis 
involves the perianal area, the patient may also complain of peri-
anal fi ssuring and painful defecation. The diagnosis of lichen 
sclerosis is suspected by physical examination showing white 
color genital, vulvar, and vestibular tissue with paleness, loss of 
pigmentation, and a characteristic “cigarette paper“ wrinkling 
(Fig. 50-8). Classically, the genital tissue changes do not involve 
the inside of the vagina, and if they involve the perianal area, 
there is a traditional “fi gure of eight” extension. The lichen scle-
rosis condition commonly involves the vestibule with associated 
labia minora atrophy and the vaginal introitus with loss of elastic-
ity and narrowing.

Lichen planus67 is another chronic genital dermatitis condition 
that is probably pathophysiologically related to various immuno-
logic disorders. The presenting symptoms vary widely, most 
likely due to the varied pathophysiologies. Lichen planus may 
occur secondary to use of drugs such as antihypertensives, diuret-
ics, oral hypoglycemics, and nonsteroidal anti-infl ammatory 
agents, which may rarely induce a lichen planus–like eruption. 
One type of lichen planus is primarily associated with itching and 

does not result in scarring. Another type is erosive and destruc-
tive. Overall, patient complaints may include severe vulvar 
itching, pain, burning, and irritation. Dyspareunia61-64,66,67 occurs 
in sexually active women secondary to vaginal introital scarring. 
Some types of lichen planus, unlike lichen sclerosis, may involve 
the vaginal mucosa. If there is vaginal involvement, a purulent, 
malodorous discharge may be noted. Findings on physical exam-
ination of women with lichen planus vary widely. The pruritic 
type of lichen planus is associated with a purple color and mul-
tiple papules and plaques on the vulva and vestibule. The erosive 
type is associated with vestibular ulcers, scarring, and atrophy of 
the clitoris and labia minora; destruction of the vagina has been 
reported. A biopsy and dermatopathologic review may be needed 
to establish the diagnosis of lichen planus.67

Genital Sexual Pain Disorders

Generalized vulvodynia59,61,62,68,69 refers to a diffuse, constant, 
burning pain anywhere on the vulva, from mons to anus, which 
is hyperpathic and greatly out of proportion to the stimulus. 
Affl icted patients have a constant or sporadic awareness of the 
vulva with widespread sensation that “everything hurts,” vulvar 
soreness, rawness, constant irritation, various paresthesias, 
aching, and/or stinging. Generalized vulvodynia may be consid-
ered primary if it occurs with the fi rst penetrative sexual encoun-
ter or with a tampon or speculum examination. Generalized 
vulvodynia may be considered secondary if it occurs after previ-
ous nonpainful vaginal penetrations. The diagnosis of general-
ized vulvodynia59,61,62,68,69 is made by ruling out, on physical 
examination and laboratory testing, such diagnoses as candida 
vaginitis and chronic genital dermatitis conditions. Q-tip testing 
shows all vulvar areas positive for pain and/or tenderness. The 
treatment of any genital sexual pain disorder involves a multi-
disciplinary team approach, and this is especially true for the 
disabling condition of generalized vulvodynia.

Vulvar vestibulitis syndrome is another genital sexual pain dis-
order. On history, there is severe pain on vestibular touch or 
attempted vaginal entry. On physical examination, there is ery-

Figure 50-8 This is a photograph of a postmenopausal woman 
with lichen sclerosis that reveals white color perineal and perinanal 
tissue with characteristic “cigarette paper“ wrinkling. There are also 
classic signs of vaginal atrophy with fusion of the labia minora to 
the labia majora.
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thema of various degrees within the vestibule. During Q-tip 
testing, there is tenderness to pressure that is “localized” within 
the vulvar vestibule. Often, the tender localized region is along 
the labial-hymenal junction associated with the presence of 
minor vestibular glands (Fig. 50-9). Vulvar vestibulitis syn-
drome59,61,62,68,69 is one of the most likely causes of dyspareunia, 
especially in women younger than 50 years of age. Affl icted 
patients with vulvar vestibulitis syndrome complain of severe 
pain during sexual activity, often described as raw, red burning, 
feeling like sandpaper, or feeling like burnt tissue being rubbed. 
Most women experience the pain in the vulvar region with initial 
penetration. There is another group of women who do not expe-
rience pain during initial penetration but experience severe pain 
on deep penetration when the man’s perineum comes into 
contact with the woman’s. In this latter group, physicians are 
misguided to the cervix, when the site of the pain trigger is really 
within the vulvar region. With vulvar vestibulitis syndrome, 
genital sexual pain may also be experienced with the use of 
tampons, during speculum examination, when wearing tight 
pants, or during straddling while bicycling or horseback riding. 
Although there is no known pathophysiology, there are several 
possible pathophysiologic factors, including exposure to human 
papillomavirus, exposure to the irritant oxalate, abnormal immu-
nologic conditions, psychopathology, and an abnormal sex 
steroid hormonal milieu.

DIAGNOSIS OF WOMEN’S SEXUAL 
HEALTH CONCERNS

History

There are limited consensus management paradigms for the 
diagnosis of women with sexual health complaints. The corner-

stone of the physical-based diagnosis of sexual dysfunction is a 
history and physical examination performed by the biologically 
focused health care professional. Specifi cally, obtaining a careful 
history is crucial, because this aspect of the diagnosis establishes 
impressions and forms the basis of emphasis on physical 
examination.7,47

The history of a woman with sexual health concerns includes 
sexual, medical, and psychosocial aspects, in order to characterize 
the many physical and psychological factors that often contribute 
to the sexual health diffi culty. It is advised that women with 
sexual health concerns undergo a separate and concomitant psy-
chological interview by a psychologically focused health care pro-
fessional to broaden the psychosocial information derived during 
the interview process.7,47

Sexual History
The sexual history should begin with the patient describing the 
sexual problem. The following questions may be used to help 
obtain maximal descriptive information.

What is the sexual problem?
When did the sexual problem manifest? How long have you 

had the sexual problem? Does the sexual problem happen 
all the time?

Does the sexual problem occur during partner-related sexual 
activity? Does the sexual problem occur during self-
stimulation? In which situations is the sexual problem 
minimized? In which situations is the sexual problem 
maximized?

Did you ever experience full capabilities for sexual interest, 
sexual arousal, and sexual orgasm? How many years were 
you at peak sexual function? What is your current sexual 
functioning in terms of interest, arousal, and orgasm com-
pared to when you were at peak sexual function?

Is the sexual problem associated with any degree of discom-
fort, tenderness, soreness, or pain? If so, can you localize 
the site of the pain on a schematic diagram of a woman’s 
genitalia?

What tests have you already had in the evaluation of your 
sexual health concern? What treatments have you already 
received, and what have been the outcomes of the various 
treatments?

How does the sexual problem affect you? How is your partner 
affected by the sexual problem? Does the sexual problem 
cause you to withdraw from partner-related sexual 
activity, from self-stimulated sexual activity, or from the 
relationship?

How would you feel if the sexual problem were cured?

It is relevant to inquire after the sexual health of the partner. For 
women with a male partner, there may exist male sexual dysfunc-
tions such as ED, early ejaculation, or an anatomic concern (e.g., 
Peyronie’s disease). Data on the importance of the male partner 
to the sexual function of the woman are expanding exponentially. 
Current knowledge indicates that, in a committed heterosexual 
relationship, the male partner’s sexual performance is linked to 
the female partner’s sexual function and sexual satisfaction. 
Therefore, if the male partner has some form of sexual dysfunc-
tion, such as ED, the woman’s desire, arousal, ease of achieving 
orgasm, and satisfaction are reduced. This information is critical 
to obtain during history-taking.

The use of validated, reliable, standardized self-rated ques-
tionnaires70-73 is a very helpful clinical starting point to assist in 

Figure 50-9 This is a photograph of a premenopausal woman with 
vulvar vestibulitis syndrome involving minor vestibular glands at the 
6- to 7-o’clock position. Cotton swab testing revealed extreme 
sensitivity and burning to touch.
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identifi cation of the presence or absence of a sexual problem and 
which of the disorders of desire, arousal, orgasm, and/or sexual 
pain are involved. Such self-report measures are valuable screen-
ing tools that are easy to administer and score and have norma-
tive values for populations of women with and without sexual 
dysfunction. Common self-rated questionnaires include the 
Female Sexual Function Index and the Sexual Function Ques-
tionnaire. As in all areas of clinical medicine, the use of screening 
tools for clinical diagnosis has recognized limitations. The deter-
mination of particular psychological contributors or confounds, 
contextual conditions, and other features and characteristics that 
cause individual women their unique sexual concerns requires 
more traditional assessment through structured history and 
physical examination.

Medical History
The medical history should include focused questions on any 
accompanying medical/surgical illnesses or use of medications. 
Topics of importance in the medical history include

 1. Chronic medical illnesses such as diabetes, anemia, or 
renal failure

 2. Neurologic illnesses such as spinal cord injury, multiple 
sclerosis, or lumbosacral disc disease

 3. Endocrinologic illnesses such as hypogonadism, hyper-
prolactinemia, or thyroid disorders

 4. Atherosclerotic vascular risk factor exposure such as 
hypercholesterolemia, hypertension, diabetes, smoking, 
or family history

 5. Nonhormonal medication or recreational drug use such 
as antihypertensives, selective serotonin-reuptake inhibi-
tor (SSRI) antidepressants, over-the-counter drugs, street 
drugs, alcohol, or cocaine

 6. Hormonal medication use such as combined oral contra-
ceptives, infertility drugs, or leuprolide acetate

 7. Pelvic/perineal/genital trauma such as pelvic fracture or 
bicycling injury

 8. Gynecologic history such as childbirth, abortions, episi-
otomy, abnormal Papanicolaou (PAP) smears, sexually 
transmitted diseases, pelvic infl ammatory disorder, endo-
metriosis, fi broids, hysterectomy with or without oopho-
rectomy, or menopause

 9. Urologic history such as incontinence, frequent urinary 
tract infections, interstitial cystitis, or pelvic surgeries

10. Surgical history such as laminectomy, colon/anal surgery, 
or vascular bypass surgery

11. Psychiatric history such as depression, panic, or anxiety

Because sex steroid hormones are critical for genital structure 
and function, the medical history should routinely probe and 
evaluate for symptoms of estrogen defi ciency, such as vaginal 
dryness, vaginal bleeding with minimal sexual contact, pain and 
soreness after sexual activity, hot fl ashes, and night sweats. Symp-
toms of androgen defi ciency include fatigue, lack of energy, 
diminished skeletal muscle strength, depressed mood, falling 
asleep after meals, decreased athletic performance, and lack of 
interest in sexual activity.

Psychosocial History
The psychosocial history should assess such issues as social 
factors, past sexual beliefs, past sexual abuse and trauma, emo-
tional concerns, and interpersonal relationship matters. Any past 
history of mood or psychiatric disorders should be identifi ed.

There are multiple caveats to history taking in women with 
sexual health concerns. One is that the health care professional 
should consider history taking as having more signifi cance than 
the fi rst diagnostic step toward resolution of the sexual problem. 
The fact is that history taking may be viewed as actually the 
beginning of treatment for women with sexual health concerns. 
Women often feel empowered after this detailed discussion about 
their sexual health, because they have taken the fi rst step in over-
coming their past failures to take action in this area. It is not 
uncommon for the discussion with the health care provider to 
become a model of what is possible in conversations about sexual 
health. Many patients then are able to initiate a sexual health 
conversation with their partner, a close friend, or a family 
member.

The second caveat is that the health care professional should 
be cognizant that, whereas the women may have a specifi c sexual 
health complaint (e.g., lack of interest), there may be additional 
and more complex mind, body, and relationship issues in the 
overall pathophysiology. For example, a woman may experience 
sexual pain during intercourse. She may be so psychologically 
distracted by the discomfort, throbbing, stinging, aching, sore-
ness, burning, and/or tenderness that physiologic desire, arousal, 
and orgasm responses during sexual stimulation are not able to 
manifest. This woman may present to the health care provider 
with a primary sexual complaint, such as lack of interest or 
orgasm, but a more detailed history and physical examination 
may yield the concomitant long-standing genital sexual pain 
problem.

Physical Examination

The physical examination for a woman with sexual health con-
cerns should be tailored to the sexual medicine complaint 
obtained on history taking. For example, if during history taking 
genital itching is found to be a major sexual health problem, a 
careful assessment would follow for the presence of a genital 
dermatitis condition. If a woman with sexual health problems is 
younger than 50 years of age and has sexual pain, a careful physi-
cal examination should evaluate for the presence or absence of 
vulvar vestibulitis syndrome/vestibular adenitis. Similar com-
plaints of sexual pain in a woman older than 50 years of age 
should lead to assessment for the presence of vaginal atrophy 
with dryness, loss of rugae, mucosal thinning, pale hue, and lack 
of shiny vaginal secretions. The physical examination should be 
performed ideally without menses and without intercourse or 
douching for 24 hours before the examination. If dysfunction 
occurs at a specifi c time, such as midcycle dyspareunia, the physi-
cal examination should be scheduled at the time of the sexual 
problem. Such scheduling may require two visits: one for history 
taking and one for the physical examination.7,47

The genitally focused examination should be considered 
routine in the diagnosis of women’s sexual health problems, but 
its personal character demands that a rational explanation 
exist for its inclusion in the diagnostic process. A focused 
peripheral genital examination is recommended in women with 
sexual dysfunction for complaints of dyspareunia, vaginismus, 
genital or combined arousal disorder, orgasmic disorder, pelvic 
trauma history, and any disease affecting genital health such 
as herpes or lichen sclerosis. For women with suspected neuro-
logic disorders, the examiner may also assess for anal and 
vaginal tone, voluntary tightening of anus, and bulbocavernosal 
refl exes.
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It is particularly important that the patient with sexual dys-
function have full communication with the health care provider 
and have fi nal authority during the physical examination to ter-
minate at any time, to ask questions, to control who is in atten-
dance, and to understand the extent of the assessment. It is vital 
that the patient be aware of the purpose of the examination. 
Inclusion of the sexual partner, with permission of the patient, is 
advantageous and provides needed patient support. Allowing the 
patient (and the partner) to observe any pathology via mirrors 
or digital photography is often therapeutic. It allows them, for 
the fi rst time in many cases, an illustration and connection of a 
detected physical abnormality with the sexual health problem. If 
there exists a genital sexual pain history, the patient should point 
with her fi nger to the locations of the discomfort during the 
physical examination.

Independent of the gender of the examining health care pro-
vider, it is strongly recommended that a female chaperone health 
care provider be present in the examination room. The following 
equipment should be available: examination table, hospital gown, 
bed sheet, disposable absorbing chucks, patient covering sheet, 
surgical loupes or magnifying glass, examination light source, 
examination gloves, gauze, lubricant, Q-tips, speculum, pH 
paper, glass slides, saline, and microscope. The patient should 
wear a hospital gown, and a sheet should cover her lower torso. 
The patient should be placed in the lithotomy position, equip-
ment for magnifi ed vision and a carefully focused light source 
should be arranged, and the examining health care provider 
should be seated comfortably.

The fi rst part of the examination involves inspection. If appro-
priate, lubricant should be placed on the vulva. Gauze can be 
grasped between thumb and index fi nger and used to retract the 
labia majora for a full inspection of the vestibular contents. Two 
gloved fi ngers are placed on either side of the clitoral shaft, and, 
with an upward force in the cephalic direction, the prepuce is 
retracted to gain full exposure of the glans clitoris, corona, and 
right and left frenula emanating at 5- and 7-o’clock from the 
posterior portion of the glans clitoris (Fig. 50-10). With the use 
of gauze to retract the labia minora, the labial-hymenal junction 
is identifi ed. A Q-tip cotton swab test is performed, with gentle 
pressure applied on the minor vestibular glands, to document the 
quality of the discomfort or pain. The Q-tip cotton swab may 
also be placed at multiple locations in the vulva and vestibule. 
Palpation is next performed, using a single-digit examination. 
This procedure occurs before speculum insertion or bimanual 
searches for vaginismus. Single-digit palpation is achieved by 
gently placing a fi nger into the vaginal opening and depressing 
the bulbocavernosus muscle. The test is positive if there is hyper-
tonicity and pain.

The goals of the physical examination for a woman with sexual 
health concerns are to confi rm normal architecture, to detect any 
existing pathology or abnormalities, to educate the woman about 
normal anatomy and physiology, and, if pain is a feature, to 
reproduce and localize the pain to potential tender areas of the 
vulva, vagina, or pelvis or hypertonicity of the pelvic fl oor.

A bimanual examination and evaluation of the pelvic fl oor 
may be performed subsequently if indicated. Two fi ngers are 
placed against the lateral walls, and the levators and underlying 
obturator are assessed for tenderness or taut bands. In addition, 
a bimanual examination can evaluate the integrity of the fornices, 
bladder, urethral bases, and pelvic organs. A rectovaginal exami-
nation and speculum examination can be performed if indicated. 
For the speculum examination, a warm, lubricated speculum is 

used. The vaginal wall is examined for estrogen milieu integrity, 
infl ammation of the walls, and any vaginal lesions.

The health care physician should also perform a complete 
physical examination, to rule out other comorbid conditions 
(e.g., thyrod goiter) that might be causing sexual dysfunction. A 
general physical examination is highly recommended in women 
with chronic illnesses and as part of good medical care, including 
evaluation of blood pressure, heart rate measurement, and a 
detailed breast examination.7,47

A

B
Figure 50-10 A, This is a photograph of a premenopausal woman 
with clitoral phimosis and a prepucial cyst. This woman experienced 
discomfort in the clitoral region during sexual activity. B, This is an 
intraoperative photograph of a woman who developed labial 
redundancy after her third childbirth. The woman complained that 
the excessive labia occasionally entered the vaginal canal during 
sexual activity and lead to dyspareunia.
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Laboratory Testing

There are no consensus recommended routine laboratory tests 
for the evaluation of women with sexual health concerns about 
desire, arousal, and orgasm. Blood testing should be dictated by 
clinical suspicion, especially the results of the history and physical 
examination. If appropriate, the health care clinician may assess 
multiple androgen and estrogen values, such as dehydroepi-
androsterone sulphate (DHEAS), androstenedione, total testos-
terone, free testosterone, sex hormone binding globulin (SHBG), 
dihydrotestosterone, estradiol, and estrone. Pituitary function 
may be evaluated by measuring luteinizing hormone (LH), folli-
cle-stimulating hormone (FSH), and prolactin. Thyroid-
stimulating hormone (TSH) should be measured to exclude 
subclinical thyroid disease.25,26,74,75

There are many problems with the determination of serum 
hormone levels. The normal ranges of testosterone concentration 
values for women of different age groups without sexual dysfunc-
tion are not well defi ned. Testosterone levels reach a nadir during 
the early follicular phase, with small but less signifi cant variation 
across the rest of the cycle. Testosterone assays are not uniformly 
sensitive or reliable enough to accurately measure testosterone at 
the low serum concentrations typically found in women. Free 
testosterone is clinically more important than total testosterone 
in sexual function, because most testosterone is bound to SHBG, 
and only a small amount of total testosterone is biologically avail-
able. The measurement of SHBG is not controversial and is rela-
tively simple to perform with good reproducibility. Equilibrium 
dialysis is a highly sensitive assay for free testosterone; however, 
this method is not feasible for clinical practice. Measurement of 
free testosterone by analogue assays is unreliable. Free androgen 
may also be calculated using the free androgen index, which is 
defi ned as total testosterone divided by SHBG (both measured in 
nanomols per liter). Calculated free testosterone may be deter-
mined and takes into account total testosterone, SHBG, and 
albumin. A calculator for free testosterone is available online at 
http://www.issam.ch/freetesto.htm.25,26,74,75

DHEAS is commonly measured because the half-life is much 
longer than that of dehydroepiandrosterone (DHEA), resulting 
in more stable levels. The immunoassay for DHEAS sulphate is 
relatively robust and simple to perform. DHEAS does not vary 
in concentration over the phases of the menstrual cycle. Many 
investigators have shown consistent decline curves for DHEAS 
with aging.

Although there is a lack of clinical consensus as to the value, 
specifi city, and sensitivity of individual hormone blood tests, 
there are evidence-based, placebo-controlled, double-blind data 
supporting the effi cacy of exogenous sex steroid hormone treat-
ment in women with sexual health concerns. The prudent physi-
cian may wish to discuss with the patient the strategy of serial 
blood test surveillance testing to address safety concerns during 
such treatment.

A most common and controversial question concerns the 
“normal range” for sex steroid blood test values in women with 
sexual health problems. Guay and colleagues examined androgen 
values in women who were “without sexual dysfunction” as deter-
mined by a validated Sexual Function Questionnaire. Androgen 
concentrations were highest in women aged 20 to 29 years, 
decreased at approximately age 30, and remained relatively con-
stant thereafter. The free androgen index in women without sexual 
dysfunction was approximately 3.7 for women aged 20 to 29 years 
and 2.0 for women between the ages of 30 and 39 years.25,26,74,75

Serum levels of sex steroids can measure only defi ciency or 
excess. Sex steroid hormone actions are quite complex and 
involve critical enzymes and hormone receptors that also deter-
mine tissue exposure, tissue sensitivity, and tissue responsiveness, 
independent of the blood concentrations. For example, there are 
interindividual variations in the amount and activity of critical 
enzymes such as 5α-reductase and aromatase, as well as varia-
tions in individual sex steroid hormone receptor sequencing. 
More research is needed regarding the blood testing of sex steroid 
hormones in women with sexual health concerns.

TREATMENT

This goal of this section to discuss the biologically focused man-
agement of sexual health issues in women. The ideal management 
of sexual health concerns is holistic, engaging both psychological 
and biologic strategies.

Hormonal

Sex steroid hormones are critical for sexual structure and func-
tion.19,25,26,45,74,75 A number of studies have demonstrated that 
hormone therapy using systemic or local preparations improves 
sexual desire, arousal, orgasm, and frequency of sexual activity. 
There is no single hormonal intervention that will be effective in 
all women with desire, arousal, or orgasm sexual health concerns 
that are secondary, in part, to sex steroid hormone defi ciency 
states.

Studies have consistently reported that androgen sex steroid 
hormone values decline gradually and estradiol values decline 
abruptly in menopausal women. Hormone insuffi ciency states 
may also be caused by a number of clinical conditions and medi-
cations, including the use of oral contraceptive therapy.

The use of systemic testosterone or systemic and/or local 
estrogen with or without systemic progesterone must be indi-
vidualized to each patient’s desires, wishes, requirements, and 
expectations.21 Systemic hormone therapy can successfully 
improve hot fl ushes, night sweats, and sleep disturbances that can 
otherwise markedly diminish affl icted women’s body image and 
mood. Local hormone therapy can successfully improve vaginal 
lubrication dryness and dyspareunia. Alleviation of hormone 
defi ciency–induced symptoms through the use of systemic and/
or localized sex steroid hormones can increase quality of life, 
desire, arousal, and orgasmic function. Although not yet specifi -
cally approved for clinical use in women with sexual health 
concerns, sex steroid hormones may eventually provide a safe 
and effective treatment option. However, more research is 
indicated.

The following paragraphs describe a clinical paradigm cur-
rently used in our outpatient sexual health clinic for the evidence-
based, biologically focused treatment of women with desire, 
arousal, and orgasm sexual health concerns. As discussed previ-
ously, treatment is holistic and is based on the history, physical 
examination, and laboratory test results.

Phase 1
It is important to emphasize that no single type of hormonal 
intervention or regimen is effective in all women with desire, 
arousal, or orgasm sexual health concerns. Women who seek 
treatment may have symptoms of sexual health problems due in 
part to the onset of natural menopause or menopause induced 
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by chemotherapy or surgery. Or, they may be younger women 
whose labia minora have begun to atrophy because of the adverse 
effects of oral contraceptives on the sex steroid hormonal milieu. 
Treatmets for infertility or endometriosis may also disturb the 
sex steroid hormone milieu.

The hormonal abnormalities that are identifi ed determine 
which of the following four biologic treatment options are offered 
to women in Phase 1. Based on blood test results, systemic andro-
gen treatment may be achieved with DHEA alone, systemic tes-
tosterone alone, or a combination of both. Based on the history 
and physical examination, local estrogen treatment may be 
achieved with vestibular estradiol alone, intravaginal estradiol 
alone, or a combination.

Systemic androgens (DHEA and/or testosterone) have been 
shown to improve mood, energy, stimulation, sensation, arousal, 
and orgasm.76-78 Limited clinical trials have examined the effects 
of DHEA therapy on sexual function in women. Baulieu and 
colleagues administered DHEA (50 mg) or placebo to 140 women 
between the ages of 60 and 79 years for 12 months. DHEA treat-
ment produced approximately a doubling of serum total testos-
terone concentration and also signifi cantly increased skin 
hydration and bone density. Libidinal interest was increased after 
6 months of treatment, and sexual activity and sexual satisfaction 
were increased after 12 months.76-78

Testosterone has been used to treat women with sexual dys-
function for more than 50 years.79 Transdermal patches or gels, 
which are more consistently absorbed and avoid fi rst-pass metab-
olism in the liver, are currently being studied for their safety and 
effi cacy in reducing sexual symptoms associated with testoster-
one insuffi ciency.80.81 Recently, transdermal testosterone patches 
were compared with placebo in estrogenized women who had 
undergone oophorectomy and hysterectomy.80 The study results 
showed that the 300-μg testosterone patch was signifi cantly more 
effective than the 150-μg patch or placebo in improving fre-
quency of sexual activity, pleasure, and fantasy during a 12-week 
period. Typically, testosterone is used in gel form (Food and 
Drug Administration–approved delivery system for men) and is 
applied to the back of the calf. One tenth of the dose used in men 
is appropriate for initial therapy in women.

One benefi t of administering DHEA and testosterone is that 
a certain percentage of these hormones will aromatize to an 
estrogen, thus relieving hot fl ashes and night sweats without the 
administration of systemic estrogen.

Local estrogen, whether it is prescribed in the form of vaginal 
estradiol or a vestibular cream, improves perfusion, lubrication, 
tissue tone, and elasticity and restores the normal pH and vaginal 
health.48,82,83 Vaginal estradiol also relieves dyspareunia, atrophic 
vaginitis, and vaginismus. Some systemic absorption occurs with 
all local estrogens, but less so than with oral therapy. Daily appli-
cation of a fi lm of vestibular estrogen is recommended as well, 
because it promotes the health of the frenulum (the most sensi-
tive part of the external genitalia), labia minora, urethral meatus, 
hymenal tissue, and vestibular glands.

Women with sexual dysfunction who are placed on Phase 1 
treatment need to undergo surveillance blood tests after 3 months 
of therapy to monitor the levels of estradiol, progesterone, DHEA, 
testosterone, androstenedione, dihydrotestosterone, FSH, LH, 
prolactin, and TSH as indicated.

Women with desire, arousal, or orgasm sexual health con-
cerns whose symptoms of distress are not resolved satisfactorily 
with phase 1 treatments may consider progressing to phase 2 
treatments.

Phase 2
In phase 2, women receive systemic estrogen and/or systemic 
testosterone. Several clinical trials have shown that the distressing 
symptoms of vaginal atrophy associated with low estrogen states 
are ameliorated after estrogen therapy. Low doses of systemic 
bioidentical nonsynthetic 17-β estradiol reduced vaginal atrophy 
compared with placebo in healthy menopausal women.84 
Systemic estrogen therapy can also successfully improve hot 
fl ushes, night sweats, and sleep disturbances that negatively 
affect body image, mood, and sexual desire. All efforts are made 
to keep serum estradiol levels between 30 and 50 pg/mL. Risks 
of systemic estrogen use include breast cancer, heart attack, 
and stroke. The concept of maintaining estradiol values at low 
levels is to reduce the side effect risk while achieving a minimum 
effi cacious dose.

In women with an intact uterus, systemic estrogen should 
always be opposed by a progestogen. All efforts are made to use 
a bioidentical nonsynthetic progesterone and to keep values in 
the range of 1 pg/mL.

Phase 3
In phase 3, attention is given to the possible role of dopamine 
agonists in facilitating desire and orgasm sexual responses. Sexual 
motivation is encouraged, sustained, and ended by a number of 
central nervous system neurotransmitter and receptor changes 
induced, in part, by the actions of sex steroids, androgens, estro-
gens, progestins, and the central neurotransmitter dopamine.85,86 
The activation of dopamine receptors may be a key intermediary 
in the stimulation of incentive sexual motivation and sexual 
reward. These neurotransmitter and receptor changes, in turn, 
activate central sexual arousal and desire. Contemporary animal 
research has revealed that dopamine neurotransmitter systems 
may play a critical intermediary role in the central regulation of 
sexual arousal and excitation, mood, and incentive-related sexual 
behavior—and in particular, in the motivational responses to 
conditioned external stimuli. In summary, the complex central 
neurochemical actions of steroid hormones stimulate sensory 
awareness, central sexual arousal, mood, and reward and relate 
them to an individual’s relevant sexual experiences involving a 
partner, a place, and an action.

Bupropion may have a benefi cial effect on women with 
hypoactive sexual desire disorder. In a placebo-controlled trial, 
bupropion produced an increase in desire and frequency of 
sexual activity compared with placebo.85,86 However, frequency 
was correlated to total testosterone level at baseline and during 
treatment. A traditional starting dose is 100 mg bupropion per 
day taken in the morning.

Vasodilators

Basic science studies investigating the physiology of sexual 
function using female animal models support the role of nitric 
oxide–cyclic guanosine monophosphate–PDE5 pathways in the 
peripheral arousal physiology of the clitoral corpus caverno-
sum,88,89 corpus spongiosum, vaginal epithelium, and vaginal 
lamina propria.

There have been several clinical studies on selective PDE5 
inhibitors over the last few years, conducted with either pre-
menopausal or postmenopausal women with arousal sexual 
health concerns as well as healthy women without sexual dys-
function. Many studies did not take into account the hormonal 
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milieu of the subjects in the inclusion and exclusion criteria. An 
important point in treating women with arousal sexual health 
concerns is that an adequate sex steroid (androgen and estrogen) 
hormonal milieu is critical for benefi ts from selective PDE5 
inhibitor treatment.19 Several studies did assess the safety and 
effi cacy of selective PDE5 inhibitors in subjects with a normal 
hormonal milieu.

A double-blind, crossover, placebo-controlled safety and effi -
cacy study with a selective PDE5 inhibitor was performed in 
premenopausal women with normal ovulatory cycles and normal 
levels of steroid hormones who were affected by female sexual 
arousal disorder without hypoactive sexual desire disorder. Sub-
jects were observed to benefi t from treatment with the active 
selective PDE5 inhibitor versus placebo, showing improvement 
in sexual arousal, orgasm, frequency, and enjoyment of sexual 
intercourse.90

A double-blind, placebo-controlled safety and effi cacy study 
with a selective PDE5 inhibitor was performed in postmeno-
pausal women with female sexual arousal disorder who had ade-
quate serum estradiol and free testosterone values. Women with 
female sexual arousal disorder without hypoactive sexual desire 
disorder assigned the active drug had a signifi cantly greater 
improvement in sexual arousal, orgasm, intercourse, and overall 
satisfaction with sexual life compared with placebo. No effi cacy 
was shown for women with concomitant hypoactive sexual desire 
disorder.91

Another study was performed using selective PDE5 inhibitors 
in women with psychotropic-induced sexual dysfunction. 
Women who had normal premorbid sexual function and who 
had developed sexual dysfunction, particularly anorgasmia with 
or without other sexual disturbances (i.e., loss of libido), lubrica-
tion diffi culties, or uncomfortable or painful intercourse, were 
treated with a selective PDE5 inhibitor. The subjects showed 
improvement of the presenting condition, usually depression, 
anxiety, or both, and experienced sexual side effects continuously 
for more than 4 weeks. Patients took selective PDE5 inhibitors 
and reported a complete or very signifi cant reversal of their 
sexual dysfunction. This included return of effective duration 
and intensity of adequate arousal, lubrication, and orgasmic 
function.92

SEXUAL PAIN MANAGEMENT

Medical Therapy for Genital Sexual Pain Disorders

Biologic pathophysiologies resulting in woman’s sexual health 
problems associated with sexual pain may occur in the clitoris, 
urethra, bladder, vulva, vestibule, vagina, and pelvic fl oor muscles. 
It is not within the scope of this chapter to detail all the manage-
ment of genital sexual pain disorders. If the reader is interested, 
one option would be to refer to the reference text book entitled 
Women’s Sexual Function and Dysfunction: Study, Diagnosis and 
Treatment.20

Clitoris, Prepuce, and Frenulae
In women with focused clitoral pain, clitoral itching, or clitoral 
burning, careful inspection of the glans clitoris should be per-
formed. Failure to visualize the whole glans clitoris with the 
corona is consistent with some degree (mild, moderate, or severe) 
of prepucial phimosis, based on the elasticity of the prepuce and 
its ability to retract on examination.93 Because it can create a 

closed compartment, phimosis is often the underlying pathology 
in clitoral glans balanitis associated with recurrent fungal infec-
tions. Initial treatment may be conservative with topical estrogen 
and/or testosterone creams to determine whether the prepuce 
can be made more elastic and retractile.94 Topical antifungal 
agents such as nystatin or oral antifungal agents such as fl ucon-
azole95 may be considered. Infections can also be related to her-
pesvirus infection, and appropriate treatment can be administered 
(e.g., acyclovir). If conservative treatment fails due to the phi-
motic prepuce, surgical management by dorsal slit procedure 
should be considered.

Urethral Meatus
Gentle retraction of the labia minora should provide a full view 
of the urethral meatus. Prolapse of the urethral mucosa out the 
urethral lumen is highly associated with estrogen defi ciency states 
such as natural menopause, surgical menopause due to bilateral 
oophorectomy, or defi ciency caused by chemotherapy for malig-
nancy. Clinical symptoms include urgency, frequency, and dis-
comfort on urination; also, spotting of blood may be observed 
on the toilet paper after wiping following voiding. The abnormal 
voiding history is often accompanied by a unique sexual history. 
Women with urethral prolapse often have the ability to have full 
sexual pleasure and satisfaction during self-stimulation of the 
clitoris,  but with a partner or with a mechanical device she expe-
riences pain, urgency to urinate, and/or inability to have orgasm 
secondary to distracting pain. Conservative treatment options 
include topical or systemic estrogens, although the risks and ben-
efi ts of estrogen treatment need to be fully discussed.64,69

Vulva and Vestibule
Genital sexual pain in the vulva and vestibule may be related to 
various specifi c disorders. Generalized vulvodynia69 refers to 
genital sexual pain with a nonlocalized, persistent, irritating pain 
anywhere on the vulva, from mons to anus, that is very sensitive 
and greatly out of proportion to the stimulus. The treatment of 
any genital sexual pain disorder involves a multidisciplinary team 
approach, and this is especially true for the disabling condition 
of generalized vulvodynia. Patient management includes educa-
tion and support, especially regarding avoidance of contacts and 
practice of healthy vulvar hygiene, pelvic fl oor physical therapy 
treatment, management of concomitant depression, and man-
agement of any associated neurologic, dermatologic, gynecologic, 
orthopedic, or urologic conditions. Medical management 
includes amitriptyline and/or gabapentin.

Vulvar vestibulitis syndrome is one of the most common 
causes of dyspareunia, especially in premenopausal women.96,97 
The treatment of vulvar vestibulitis syndrome also begins with 
conservative measures including education, support, counseling, 
physical therapy, and/or biofeedback. Elimination of the pain 
trigger should be performed. Topical estrogen and topical xylo-
caine creams or ointments should be considered. Systemic medi-
cations include tricyclic antidepressants or gabapentin. Correction 
of the sex steroid hormonal milieu should be considered. Unlike 
generalized vulvodynia, in women with vulvar vestibulitis syn-
drome, if medical management fails surgery (e.g., vestibulec-
tomy) can be considered.

The symptoms of atrophic vaginitis include vaginal dryness, 
dyspareunia, stinging, bleeding, and dysuria.98 On physical exam-
ination, women with atrophic vaginitis have vaginal mucosal 
changes. The classic healthy-appearing vagina has a pink hue 
with vaginal folds and rugae that, when touched with a Q-tip, 
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reveal a shiny lubricating substance and, when rubbed with a Q-
tip, do not bleed. In atrophic vaginitis, the vagina transforms to 
an unhealthy pale complexion, with a lack of vaginal folds and 
rugae, a lack of lubricating substance on the surface, and bleeding 
ot the tissue with minimal contact. On wet mount, the micro-
scopic examination reveals parabasal cells, increased white blood 
cells, and absent background fl ora of lactobacilli. The vaginal pH 
is elevated to 6.0 to 7.0. Conservative treatment involves the use 
of local topical vestibular and/or intravaginal estrogen. There are 
multiple products on the market, including intravaginal rings, 
intravaginal pills, and creams. There are also multiple estrogen 
alternatives, such as soy, although there are limited double-blind 
placebo-controlled safety and effi cacy trials with these 
products.

Disorders of the female pelvic fl oor, especially those involving 
bladder/urethra and sexual dysfunction, are common. Conserva-
tive therapies for hypersensitivity disorders of the pelvic fl oor are 
aimed at muscle reeducation. A pelvic fl oor rehabilitation 
program aimed at facilitating sexual comfort and pleasure for 
patients can be designed. Massage of the pelvic fl oor can be per-
formed to elongate shortened muscles and decrease high-tone 
spasm. Conservative therapies for low-tone pelvic fl oor dysfunc-

tion are also aimed at muscle reeducation. Pelvic fl oor muscle-
strengthening exercises, augmented with biofeedback and/or 
electrical stimulation to the pelvic fl oor, can be initiated. If this 
and other conservative treatment options fail, surgical proce-
dures, including sling and tension-free vaginal tape placement, 
provide cure rates as high as 95% when performed in appropriate 
candidates.55,56,59

Surgical Therapy for Genital Sexual Pain Disorders

Surgical Treatment for Vulvar Vestibulitis Syndrome
Surgical intervention for management of vulvar vestibulitis syn-
drome is offered to those for whom initial conservative medical, 
psychological, and/or physical therapy treatment has failed. 
Surgery is based on the hypothesis that the pathophysiology of 
vulvar vestibulitis syndrome is associated with infl amed, irri-
tated, and hypersensitive vestibular glandular tissue and related 
increased nerve density in the vestibular mucosa. Surgical success 
is, therefore, based on excision of this abnormal glandular and 
nerve tissue in the vestibule.99,100

In women with vulvar vestibulitis syndrome, the fi rst surgical 
and reconstructive procedure consisted of excision of a semicir-

A B

C

Figure 50-11 Modifi ed vestibulectomy for vulvar vestibulitis 
syndrome. A, Intraoperative photograph. The tip of the surgical 
instrument has entered into the ostia of the minor vestibular gland. 
B, Intraoperative photograph. Tagging sutures have been placed into 
the ostia of the minor vestibular glands prior to local excision. C, This 
surgical excision specimen was 2.5 cm long and 0.5 cm deep and 
wide.
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cular segment of perineal skin, the mucosa of the posterior vulvar 
vestibule, and the posterior hymenal ring. The reconstruction 
consisted of undermining 3  cm of the vaginal mucosa and 
approximating this directly to the perineum. Subsequently, varia-
tions and modifi cations have evolved. Specifi cally, in contempo-
rary vulvar vestibulectomy procedures, the posterior incision 
extends only to the posterior fourchette and does not include 
excisions of perineal skin. A “complete vulvar vestibulectomy” 
includes excision of the vestibular mucosa adjacent to the ure-
thral meatus/Skene’s glands region anteriorly, and excision of 
vestibular mucosa laterally and posteriorly, with reconstruction 
including the posterior vaginal fl ap advancement. A “modifi ed 
vulvar vestibulectomy” limits the excision of vestibular mucosa 
to the posterior vestibule. Both procedures are usually performed 
with the patient under general or regional anesthesia. During 
vestibulectomy, the vaginal advancement may cover the ostia of 
the Bartholin glands; however, the risk of postoperative Bartholin 
gland cysts is only 1%. A vestibuloplasty or excision of vestibular 

adenitis consists only of excision of localized painful areas of 
vestibular mucosa without vaginal advancement and can be per-
formed with local anesthesia. Most surgeons choose the proce-
dure based on the individual needs and symptoms of the patient. 
The complications of surgery for vulvar vestibulitis syndrome 
increase with the invasiveness of the procedure performed. Spe-
cifi cally, complications include bleeding, infection, increased 
pain, hematoma, wound dehiscence, vaginal stenosis, scar tissue 
formation, and Bartholin duct cyst formation. As always with 
surgery, the risks of these complications can be reduced with 
appropriate surgical techniques. Various closure techniques have 
been described to minimize the risks of postoperative com-
plications. Specifi cally, the vaginal advancement fl ap should be 
anchored by multiple subcutaneous mattress sutures of 3-0 Vicryl 
placed in an anterior-posterior direction and should be approxi-
mated to the perineum with interrupted stitches of 4-0 Vicryl  
(Fig. 50-11).99,100

Other Surgical Procedures
Distressing and disabling clitoral pain may occur secondary to 
phimosis of the clitoral prepuce and recurrent fungal balanitis of 
the clitoral glans or frenula. If conservative treatment fails, a 
dorsal slit procedure of the prepuce may be indicated to relieve 
the closed compartment that is perpetuating the recurrent fungal 
clitoral glans infection.93

Distressing and disabling vestibular pain, urinary urgency and 
frequency, and genital sexual pain may occur secondary to ure-
thral prolapse. If conservative treatments fail, surgical excision of 
the prolapsed urethral mucosa may be indicated.55

Distressing vulvar or vestibular discomfort may occur second-
ary to a Bartholin’s cyst. If conservative treatments fail, marsupi-
alization of the cyst may be indicated to enable drainage of the 
highly viscous and mucinous cyst fl uid.101

CONCLUSIONS

It is entirely appropriate to have a detailed chapter on women’s 
sexual health concerns in a textbook on female urology. Increas-
ing numbers of health care professionals manage sexual health 
concerns as part of their goal to maximize the all health care 
delivery to each patient.

The basic premise of biologically focused management of 
women’s sexual health concerns is that physiologic processes can 
be altered by pathology. Understanding how specifi c medical 
conditions modulate a woman’s sexual health requires much 
investment in basic science investigation. From the perspective 
of biologically focused clinicians, the essential principle guiding 
medical decision-making is identifi cation of the underlying 
pathophysiology of the sexual dysfunction. If the biologic basis 
of the sexual health concern can be diagnosed, management may 
be successfully directed to the source pathophysiology. Two of 
the many challenges facing health care professionals today are 
improving their ability to accurately diagnose sexual health con-
cerns in women and ensuring that they offer women the best 
available, evidence-based treatment options. To achieve these 
goals, biologically focused clinicians need to be familiar with 
evidence-based, state-of-the-art data and current biologically 
focused management strategies.

D
Figure 50-11 D, Intraoperative photograph of a woman 
undergoing modifi ed vestibulectomy for vulvar vestibulitis syndrome 
and dorsal slit for clitoral phimosis. Interrupted 4-0 chromic sutures 
have been used to reestablish vestibular tissue integrity.
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Chapter 51

EPIDEMIOLOGY OF PELVIC 
ORGAN PROLAPSE
Firouz Daneshgari and Courtenay K. Moore

EPIDEMIOLOGY

Although pelvic organ prolapse (POP) is one of the most common 
indications for gynecologic surgery, little is known about the 
epidemiology of the condition.1 Caring for women with pelvic 
fl oor disorders has become an increasingly important compo-
nent of women’s health. An analysis of U.S. procedure codes 
for prolapse surgery estimates that more than a half-million 
procedures are performed annually accounting for more than 1 
billion US health care dollars.2 It is estimated that women have 
an 11% lifetime risk of undergoing a single operation for POP 
and urinary incontinence by age 80 years.3 Studies have shown 
that 50% of parous women lose pelvic fl oor support, with result-
ing prolapse.3 Yet, of these women, only 10% to 20% seek medical 
care. The Oxford Family Planning Association study monitored 
more than 17,000 women aged 25 to 39 years for 26 years.4 
Whereas the annual incidence of hospital admission for the diag-
nosis of prolapse was 0.204%, the annual incidence of surgery for 
prolapse was only 0.162%.4 This highlights the fact that only a 
fraction of women with POP seek medical attention. Therefore, 
incidence and prevalence rates based on surgical intervention 
signifi cantly underestimate the magnitude of POP.

Given the diffi culties in determining the number of women 
affected by POP, there has been little agreement on the resources 
needed to serve this population. It is estimated that the propor-
tion of the U.S. population between the ages of 30 and 89 years 
will grow by 22% over the next 30 years (Fig. 51-1).5,6 One of the 
most dramatic features of this population change is the large 
increase in the number of Americans older than 50 years of age. 
The population of women aged 50 years and older is expected to 
increase by 72%. Luber and colleagues found that women aged 

60 years and older are far more likely to seek medical care 
for pelvic fl oor disorders than their younger cohorts.6 They esti-
mated that, over the next 30 years, the demand for services to 
care for female pelvic fl oor disorders will increase at twice the 
rate of growth of the general population (Fig. 51-2). Therefore, 
at a time when the general population is projected to increase by 
22%, there will be a 45% increase in the demand for care for 
pelvic fl oor disorders.6

One of the reasons that the demographics of POP are so 
poorly understood is that its prevalence varies widely in different 
populations, ranging from 30% to 93%. Differences in preva-
lence and incidence rates may be explained by varying diagnostic 
criteria, different examination techniques, and the sensitivity of 
these techniques. Before 1995, one of the main problems in 
studying the epidemiology of POP was the absence of a standard-
ized tool for evaluating the degree or stage of POP. In 1996, an 
international committee comprised of members from the Inter-
national Continence Society (ICS), the American Urogyneco-
logic Society, and the Society of Gynecologic Surgeons met to 
develop an objective, site-specifi c system to describe, quantify, 
and stage female POP.7 The result was the Pelvic Organ Prolapse 
Quantifi cation system (POPQ). The creation of this classifi cation 
system was a major advance in the study of POP, allowing 
researchers to report fi ndings in a standardized fashion. The 
POPQ has demonstrated good reliability as well as intraexaminer 
and inter examiner reproducibility.8

A second reason for lack of understanding of the epidemiol-
ogy of POP is that there have been no epidemiologic studies of 
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Figure 51-1 Projected U.S. female population.

Figure 51-2 Estimated increase in pelvic fl oor disorders among 
women aged 30 to 80 years. (From Luber KM, Boero S, Choe JY: 
The demographics of pelvic fl oor disorders: Current observations 
and future projections. Am J Obstet Gynecol 184:1496, 2001.)
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POP in community-based populations.9 Instead, most studies are 
based on small, mainly white clinical populations or surgical 
databases. An additional limitation in understanding the epide-
miology of POP is inherent to the condition itself. Studies on 
POP are wrought with diffi culties. Complying with the ICS defi -
nition of POP requires an invasive examination that limits the 
feasibility of large community-based studies. Furthermore, symp-
toms associated with POP have not been shown to correspond 
to the severity of prolapse. This inconsistency limits the use of 
symptoms in the epidemiologic defi nition of prolapse.

Finally, lack of understanding of the distribution of normal 
versus abnormal female pelvic organ mobility and support 
remains another limitation. In a study of young nulligravid 
women, Dietz and coworkers found a wide range of pelvic organ 
mobility, concluding that the “range of ‘normality’ in pelvic 
organ mobility is wider than previously assumed.”10 In 2000, 
Swift performed an observational study on the distribution of 
pelvic organ support of women seen at outpatient gynecology 
clinics for routine gynecologic care. The distribution of POP was 
a bell-shaped curve, with most subjects having stage 1 or 2 pro-
lapse.11 The overall distribution was as follows: stage 0, 6.4%; 
stage 1, 43.3%; stage 2, 47.7%; and stage 3, 2.6%.11 The Pelvic 
Organ Support Study (POSST), a multicenter, cross-sectional 
observational study of 1004 women undergoing annual gyneco-
logic examinations, found a similar distribution. The prevalence 
of POP quantifi cation stages was as follows: stage 0, 24%; stage 
1, 38%; stage 2, 35%; and stage 3, 2%.12

PREVALENCE

The prevalence of a disease refers to the number of affected 
persons present in the population at a specifi c time divided by 
the number of persons in the population at that time.13 Preva-
lence also describes the probability of experiencing a symptom 
or having a condition or a disease within a defi ned population at 
a defi ned time.9 This is important in establishing the distribution 
of a condition in the population and projecting the need for 
future health and medical services.

The data on prevalence of POP is limited and highly variable. 
Many estimates of the prevalence of POP defi ne prolapse based 
on symptoms alone or a nonvalidated genital examination, not 
on the POPQ. To date, only two studies have used the ICS defi ni-
tion of POP. The fi rst, done by Swift in 2000, found that 94% of 
women aged 18 to 82 years had stage 1 POP or greater; when only 
women with stage 2 or greater were considered, the prevalence 
fell to 51%.11 A second study, also done by Swift and colleagues, 
found that 22% of women aged 18 to 83 years seeking routine 
gynecologic care had POP, which was detected on routine 
examination.12

Two other studies have looked at the prevalence of POP using 
physical examination; however, these studies used nonvalidated 
genital examination classifi cation systems. Hendrix and associ-
ates looked at the prevalence of POP in women aged 50 to 79 
years who were enrolled in the Women’s Health Initiative 
Hormone Replacement Therapy Clinical Trial. Forty-one percent 
of women with a uterus had some form of prolapse (34.3% cys-
tocele, 14.2% uterine prolapse, 18.6% rectocele), compared to 
38% of the women without a uterus (32.9% cystocele, 18.3% 
rectocele).14 In the second study, Samuelsson and colleagues 
examined Swedish women aged 20 to 59 years and found the 
overall prevalence of genital prolapse to be 30.8%.15 In compari-

son, the prevalence studies of POP based on symptoms alone 
tend to report lower rates of POP, ranging from 7% to 25%.16-18 
This discrepancy in prevalence rates highlights the lack of corre-
lation between POPQ and prolapse symptoms.

INCIDENCE

The incidence of a disease is the number of new cases of a disease 
that occur during a specifi ed period of time in a population at 
risk of developing the disease or the probability of developing the 
condition under study during a defi ned time period.13 Studies of 
the incidence of POP come primarily from surgical databases 
(Table 51-1). Cases are identifi ed by the International Classifi ca-
tion of Diseases (ICD) diagnosis and procedures codes. In the 
United States, the annual incidence of surgery for POP ranges 
from 1.5 to 4.9 cases per 1000 women.3,19,20 Olsen and coworkers 
looked at the incidence of POP surgery in a managed care setting. 
They found that the age-specifi c incidence of surgically managed 
POP increased with age (Fig. 51-3); with the overall lifetime risk 
of a woman’s undergoing at least one operation for POP being 
11.1%.3

In 1997, Brown and associates20 calculated the incidence of 
surgery for POP from the National Hospital Discharge Survey 
and National Census records of 225,964 women to be 22.7 per 
10,000 women. The rate of prolapse surgery increased with age, 
peaking at age 60 to 69 years with a rate of 42.1 per 10,000 
women. Interestingly, rates for surgery varied signifi cantly by 
region. Women living in the South had the highest overall rate 
of surgery for POP (29.3 per 10,000), whereas women living in 
the Northeast had the lowest overall rate of surgical intervention 
(16.1 per 10,000; see Fig. 51-1).

Boyles and colleagues19 looked at the trends in surgery per-
formed for POP from 1979 to 1997 using data from the National 
Hospital Discharge Survey. During this period, 3,734,000 proce-
dures were performed for POP. The number of POP procedures 
decreased signifi cantly from 226,000 in 1979 to 205,000 in 1997. 
The age-adjusted rate of POP procedures decreased from 2.2 per 
1000 women in 1979 to 1.3 per 1000 from 1988 to 1992. This 
number rose slightly to the rate of 1.5 per 1000 in 1997. Overall, 
the absolute number of prolapse procedures in women younger 
than 50 years of age decreased from 135,000 in 1979 to 80,000 in 
1997. However, the number of prolapse procedures in women 
older than 50 years rose from 91,000 in 1979 to 125,000 in 1997. 
Therefore, the age-adjusted rate of prolapse surgery from 1979 
to 1997 in women younger than 50 years of age decreased from 
1.9 to 0.8 per 1000 women, but it did not change in women older 
than 50 years.

RISK FACTORS

POP is a common disorder, accounting for more than a half-
million surgical procedures and more than 1 billion health care 
dollars annually.2 The ratio of procedures performed for POP to 
those performed for urinary incontinence is 2  :  1.1 Despite its 
commonality, little is know about the pathophysiology of POP. 
Like urinary incontinence, POP seems to be multifactorial. Age, 
gender, and parity are established risk factors for POP, and many 
other factors have been suggested but not rigorously proven. 
Without identifying the risk factors of POP, efforts at prevention 
are fruitless and therapy can only be empiric.21
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Age

Studies have shown a rise in the incidence and prevalence of POP 
with age. In a cross-sectional analysis of women enrolled in 
the Women’s Health Initiative Hormone Replacement Therapy 
Clinical Trial, Hendrix and colleagues found that the risk of 
developing uterine prolapse, rectocele, and cystocele increased 
with advancing age.14 Women aged 60 to 69 years had an odds 
ratio (OR) of 1.16 for uterine prolapse compared to women aged 
50 to 59 years; for women aged 70 to 79 years, the OR was 1.36. 
Similarly, the ORs for both cystocele and rectocele increased with 
advancing age. In another cross-sectional study of Italian women, 
a similar rise in uterine prolapse with age was noted. Compared 
with women aged 51 years or younger, women aged 52 to 55 years 
and those aged 56 years or older had ORs for uterine prolapse of 
1.3 and 1.7, respectively.22 Swift and coworkers found that the 
OR of POP increased by 1.38 per 10-year period.12 Among women 
with severe prolapse (stage 3 or 4), the odds of having severe 
prolapse increased 12% with each year of advancing age.23

Surgery for POP is uncommon in patients younger than 30 
years of age and in those older than 80 years. Surgical rates of 

Table 51-1 Summary of Epidemiology of Pelvic Organ Prolapse (POP) Studies

Study Design/Study Population No. Patients Classifi cation of POP Results

Hendrix USA. Cross-sectional study of 
healthy, postmenopausal 
women enrolled in Women’s 
Health Initiative Hormone 
Replacement Clinical Trial

27,342 Nonvalidated gynecologic 
examination (not POPQ)

Risk of POP increases with age, 
parity, obesity. Risk of POP 
varies among ethnic groups: 
lowest among African 
Americans, highest among 
Hispanics

Progetto Italy. Cross-sectional study of 
women attending menopausal 
clinics

21,449 Examination using Baden 
Walker

Risk of uterine prolapse increased 
with age, BMI, vaginal 
deliveries

Swift USA. Case-control study 368 controls
87 cases

POPQ examination Factors predictive of severe POP: 
age, weight largest vaginal 
delivery, hysterectomy, previous 
prolapse surgery

Brown USA. National Hospital Discharge 
Survey

300,000 Surgical procedure and 
discharge diagnosis codes

Surgery for POP among 
Caucasians was three times 
greater than for African 
Americans. Regional 
differences: South highest, 
Northeast lowest rate of 
surgery for POP

Mant UK. Cohort from Oxford Family 
Planning Study

17,032 Hospital in-patient admission 
with diagnosis of prolapse 
(ICD codes)

Risk of POP increased with age, 
parity, weight, hysterectomy

Moalli USA. Case-control study. Cases 
selected from patients who 
underwent surgery for POP ± 
UI. Controls patients seen in 
gynecology for routine 
examination

80 cases
176 controls

Nonvalidated examination Development of POP associated 
with: younger age at fi rst 
delivery, higher BMI, forceps 
delivery, prior gynecologic 
surgery

Nygaard USA. Cohort of healthy, 
postmenopausal women 
enrolled in Women’s Health 
Initiative Hormone 
Replacement Clinical Trial

270 POPQ examination Risk of POP increased with less 
education, higher vaginal 
parity, larger babies

BMI, body mass index; ICD, International Classifi cation of Diseases; POPQ, Pelvic Organ Prolapse Quantifi cation system.

Figure 51-3 Lifetime risk of undergoing surgery for urinary 
incontinence (UI) and pelvic organ prolapse (POP). (From Olsen 
AL, Smith VJ, Bergstrom JO, et al: Epidemiology of surgically 
managed pelvic organ prolapse and urinary incontinence. Obstet 
Gynecol 89:501, 1997.)
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POP increase with age, peaking in the sixth decade.20 Brown and 
coworkers found that, whereas African American women have a 
lower risk of developing POP than white women, the mean age 
at which African American women undergo surgery for POP 
is younger than that for their white counterparts (49.3 versus 
54.3 years).20

Race

U.S. data suggest a protective effect of African American race 
compared to white race for POP.9 Brown found there to be large 
racial difference in the rates of POP surgery. Compared with 
African American women, white women have a much higher rate 
of surgery for POP (6.4 versus 19.6 per 10,000). Hendrix and 
coworkers14 also found that, compared with white and Hispanic 
women, African American women had the lowest rate of uterine 
prolapse, cystocele, and rectocele. Hispanic women were found 
to have the highest rate of uterine prolapse and an increased risk 
for cystocele but not rectocele. American Indian women, although 
a small sample size, had lower risks than white women for all 
types of pelvic fl oor relaxation. Asian women had the greatest risk 
of all women for cystocle and rectocele. Swift and colleagues 
found similar results for Hispanic race (OR = 4.29), but black 
race was not protective (OR = 1.20).12

Parity

Multiple studies have shown a positive association between parity 
and POP. In the Oxford Family Planning Association study, 
parity was the strongest risk factor for the development of POP, 
with an adjusted relative risk of 10.85.4 Although the risk increased 
with increasing parity, the rate of increase slowed after two deliv-
eries. Hendrix and associates14 also found an increase in the risk 
of uterine prolapse, cystocele, and rectocele with increasing 
parity. Similarly, the Progetto Study showed an OR of 2.6 when 
comparing nulliparity to a parity of 1 and an OR of 3.0 when 
comparing nulliparity to a parity of 3 or greater.22 Nygaard and 
associates, in a multivariate analysis of 270 women, found that 
those women who had had no vaginal deliveries had a marked 
reduction in risk of POP compared with parous women.24 Higher 
vaginal parity was associated with the development of stage 2 or 
greater POP (OR = 1.61).24

Moalli and coauthors, in a case-control study, found an 
increased likelihood of pelvic fl oor surgery among women who 
underwent spontaneous vaginal delivery compared with cesarean 
section. Compared with cesarean delivery, vaginal delivery was 
associated with an OR of 2.9 for POP surgery.25 Forceps delivery 
carried the greatest risk of pelvic fl oor surgery, with an OR of 
5.4.25 Swift and coworkers identifi ed not only gravidity, parity, 
and number of vaginal deliveries as risk factors for POP, but also 
the weight of vaginally delivered infants.12

Obesity

Both moderate and severe obesity are associated with increased 
risks of POP. Hendrix and associates found overweight women 
(body mass index [BMI] = 25 to 30 kg/m2) to have an increased 
risk for the occurrence of uterine prolapse of 31%; for rectocele,  
38%; and for cystocele, 39%. Obese women (BMI >30 kg/m2) 
also had increased risks 40%, 75%, and 57%, respectively. Women 
with a waist circumference of 88 cm or greater had a 17% 
increased risk of cystocele and rectocele. In the Progetto Italia 

Study, the risk of uterine prolapse increased with increasing BMI. 
In comparison with women with BMI less than 23.8, women with 
a BMI of 23.8 to 27.2 had an OR of 1.4, and those with a BMI 
greater than 27.2 had an OR of 1.6. Other studies have found 
similar associations between BMI and POP.12

Bowel Dysfunction

Chronic constipation with repeated defecatory straining has been 
linked to POP because of pelvic fl oor denervation and pudendal 
neuropathy. In a British case-control study, straining with bowel 
movements and constipation (fewer than two bowel movements 
per week) as a young adult were signifi cantly more common in 
women with uterovaginal prolapse than in controls.26 Women 
with uterovaginal prolapse were also noted to have prolonged 
pudendal nerve terminal motor latency compared with controls, 
suggesting pudendal neuropathy as a factor involved in the 
pathogenesis of POP.26

Menopause and Gynecologic Factors

Hormonal Status
Swift and colleagues, in 2001, found that postmenopausal women 
who were not taking hormone replacement therapy (HRT) had 
a higher rate of prolapse than premenopausal or postmenopausal 
women taking HRT.23 Moalli and associates also found that 
women not taking HRT were at a greater risk of developing POP. 
Menopausal women who took HRT for 5 or more years had a 
90% decreased risk of surgery for POP.25

Gynecologic Surgery
Several studies have shown that gynecologic surgery, notably hys-
terectomy and previous prolapse surgery, predispose women to 
POP. Swift and colleagues, in their study on severe POP, found 
a previous history of prolapse surgery or hysterectomy to be 
among the strongest etiologic predictors of severe POP.23 The 
odds of having severe POP increased by more than 200% in 
patients with a previous history of hysterectomy and by 500% in 
women with a previous history of prolapse surgery (Fig. 51-4).24 
Mant and colleagues found that women who had a hysterectomy 
for prolapse were 5.5 times more likely to have a surgery for POP 
than women whose hysterectomy had been done for other 
reasons.4 The cumulative risk of repair after hysterectomy 
increased in a linear fashion, rising from 1% at 3 years to 5% at 
15 years.4

Lifestyle

Chronic Obstructive Pulmonary Disease and Smoking
Chronic illnesses such as chronic obstructive pulmonary disease 
(COPD) are often cited as conditions that appear to predispose 
women to POP because of the increased stress and stain on 
the pelvic fl oor. However, the data are mixed and inconclu-
sive.3,11,12,17,24 Similarly, the data regarding the effect of smoking 
on POP are also controversial at his time.4,12,15,24,27

High-Impact Activity and Manual Labor
Strenuous high-impact exercise and heavy physical labor have 
been implicated in female pelvic fl oor disorders. In 1996, Davis 
reported three cases of severe POP after the rigors of airborne 
training in young nulliparous soldiers who had previously 
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undergone laparoscopic uterine nerve ablation.28 The Danish 
National Registry of Hospitalized Patients also looked at the 
effect of heavy physical activity (heavy lifting) on surgery for 
POP. The risk of surgery for POP in 28,000 nursing assistants 
aged 20 to 69 years was compared with the risk in 1.6 million 
age-matched controls. The OR for POP surgery for nursing assis-
tants compared with controls was 1.6.1 In a case-control study, 
Italian housewives were found to be at an increased risk of POP 
when compared with professional/managerial women (OR = 
3.1).27 On univariate analysis, Swift and colleagues also found an 
increased risk of POP among laborers versus nonlaborers. 
However, labor did not remain statistically signifi cant in the mul-
tivariate logistic regression analysis.12 Nygaard and associates 
reported no overall association with employment history, current 
exercise, or past history of strenuous exercise among women in 
the United States; however, women with a history of past heavy, 
manual labor were more likely to have uterine prolapse than 
those who did not engage in heavy, manual labor.24

Genetics and Collagen

In a Finnish study, the familial incidence of genital prolapse was 
30%.29 The risk of POP was higher among women who had a 

mother or sister with POP. Compared with women whose rela-
tives did not have POP, the OR for these women was 3.2 if their 
mother had POP and 2.4 if a sister had POP.27

It has been suggested that genetic or intrinsic differences in 
connective tissues may predispose individuals toward urinary 
incontinence or POP. Ehlers-Danlos syndrome is a connective 
tissue disorder involving collagen gene defects. Several studies 
have suggested that women with Ehlers-Danlos syndrome are at 
an increased risk of POP given these collagen defects. Carley and 
coworkers looked at women with Ehlers-Danlos syndrome and 
found that 75% of them had POP.30 McIntosh and associates also 
found that women with Ehlers-Danlos syndrome had a higher 
prevalence of POP than the general population.31

It has also been suggested that women with clinical joint 
hypermobility (a sign of connective tissue laxity) have a higher 
prevalence of cystocele, rectocele, and uterine prolapse than 
women with normal joint hypermobitily.32 Al-Rawi and Al-Rawi 
found that 66% of Iraqi women with POP had clinical joint 
hypermobility, compared with 18% of controls.33

The results on collagen content of vaginal and pelvic tissues 
in women with prolapse are variable, given inconsistent data. The 
data vary based on biopsy site, biochemical tests used for analysis, 
and heterogeneity of the populations studied.34 Chen and cowork-
ers found women with POP to have an increased rate of collagen 
breakdown compared with controls.35 Similarly, Wong and asso-
ciates found women with POP to have a signifi cantly decreased 
amount of cervical collagen compared with controls.36

SUMMARY

POP is a common condition among women, with an estimated 
11% lifetime risk of undergoing surgery by age 80 years. Yet 
despite its commonality and its signifi cant cost to the health care 
system, little is truly known about the epidemiology of POP. Lack 
of standardized defi nitions, differing physical examination tech-
niques, diffi culty in recruitment, embarrassment surrounding 
the condition, and coexistence with other pelvic fl oor disorders 
have all hindered understanding of POP. Although the POPQ 
system has facilitated standardization, scientifi c communication, 
and epidemiologic and clinical studies of POP, understanding of 
the epidemiology of POP is still rudimentary. Age, race, parity, 
obesity, menopause, bowel dysfunction, pelvic surgeries, genetic 
factors, and lifestyle choices appear to contribute to POP, but 
further epidemiologic and clinical studies are needed to identify 
the modifi able risk factors to prevent POP.

Figure 51-4 Lifetime risk of pelvic organ prolapse (POP) after 
hysterectomy. (From Mant J, Painter R, Vessey M: Epidemiology of 
genital prolapse: Observations from the Oxford Family Planning 
Association Study. Br J Obstet Gynaecol 104:579, 1997.)
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Chapter 52

PREGNANCY, CHILDBIRTH, AND 
PELVIC FLOOR INJURY
Asnat Groutz

Pregnancy and childbirth have long been considered risk factors 
in the genesis of pelvic fl oor disorders. Mechanical and hormonal 
changes that occur during pregnancy, as well as the mechanical 
strain of labor and delivery, may all cause partial denervation of 
the pelvic fl oor and direct injury to pelvic muscles and connective 
tissue. These injuries may further lead to the development of 
stress urinary incontinence, anal incontinence, pelvic organ pro-
lapse, and/or voiding dysfunction. Although many studies have 
shown some correlations between various obstetric risk factors 
and the development of these symptoms, there is no consensus 
regarding the impact and relative contribution of the various 
parameters. Moreover, the etiology of pelvic fl oor disorders is 
multifactorial. Additional risk factors, other than pregnancy and 
childbirth, include heredity, collagen abnormalities, obesity, and 
aging. Reliable antenatal models for the identifi cation of women 
at risk are not yet available. Further studies are required to estab-
lish such risk models and the manner in which labor should be 
managed to minimize potential childbirth-induced pelvic fl oor 
injuries.

PHYSIOLOGY

Functional Changes

The physiology of the lower urinary tract during normal preg-
nancy has not been thoroughly investigated. Furthermore, sig-
nifi cant hemodynamic changes may directly affect urinary tract 
function throughout the course of pregnancy. Total blood volume 
increases by up to 40%, and cardiac output is increased by 30% 
to 50% by the third trimester of pregnancy. Simultaneously, sys-
temic vascular resistance is reduced due to progesterone-induced 
smooth muscle relaxation. Glomerular fi ltration rate and renal 
plasma fl ow consequently increase by 40% to 50%, and 60% to 
80%, respectively.1 These changes result in increased urine output 
and, with the pressure effect of the gravid uterus on the bladder, 
may cause urinary frequency, urgency, and nocturia. Up to 80% 
of women experience urinary frequency during pregnancy, and 
the symptom usually appears early (i.e., in the fi rst trimester) and 
tends to worsen as pregnancy progresses.2-5

Anatomic Changes

Early radiologic and endoscopic studies showed that the bladder 
is pressed by the gravid uterus and pushed upward and anteri-
orly.2,6,7 More recent studies investigated the mobility of the 
bladder neck and pelvic fl oor during pregnancy. Peschers and 
colleagues8 reported that bladder neck position at rest is changed 
at the end of pregnancy, compared with the position in nulli-
gravidas. This fi nding suggests that mechanical pressure of the 

fetal head and uterus and/or hormonal and connective tissue 
changes may alter the bladder neck position during pregnancy. 
Similarly, Wijma and associates9 used perineal ultrasound to 
study a cohort of 117 pregnant nulliparous and 27 nonpregnant 
nulliparous women. The angle of the urethrovesical junction at 
rest and the displacement/pressure coeffi cient during coughing 
showed a signifi cant increase during pregnancy. King and 
Freeman,10 also using perineal ultrasound, found that women 
with stress urinary incontinence at 10 to 14 weeks postpartum 
had signifi cantly greater bladder neck mobility antenatally than 
those who were continent postpartum. There were no signifi cant 
differences in obstetric parameters between the postpartum con-
tinent and incontinent groups. The authors suggested that colla-
gen susceptibility to changes during pregnancy, measured by 
changes in bladder neck mobility, could predict postpartum 
incontinence. Dietz and colleagues11 investigated pelvic organ 
mobility in 28 pregnant women, seen at 10 to 17 weeks and again 
at 32 to 39 weeks of gestation, and 88 nonpregnant controls. 
Pregnant women showed greater bladder and urethral mobility. 
The effect was already noticeable in the fi rst trimester, but it was 
signifi cantly augmented later in pregnancy. Because similar 
changes were also noted in elbow hyperextension, the authors 
speculated that pregnancy may adversely affect connective tissue 
biomechanics. This speculation is further supported by earlier 
data suggesting that, compared with nonpregnant women, con-
nective tissue in pregnant women contains less collagen and has 
less tensile strength, greater extensibility under low pressure, and 
loss of recoil after overstretching.12

Urodynamic Observations

Only a few urodynamic studies have been performed on pregnant 
women. Van Geelen and coworkers13 assessed the urethral pres-
sure profi le during pregnancy and after delivery in 42 nulliparas. 
Lower values of urethral pressure profi le parameters were 
observed in almost all women who experienced stress urinary 
incontinence during pregnancy and/or after delivery. The inves-
tigators concluded that “inherent weakness of the urethral 
sphincter mechanism plays a key role in the pathogenesis of stress 
incontinence.”13 Other urodynamic studies revealed decreased 
cystometric parameters during pregnancy. Chaliha and col-
leagues14 studied 286 nulliparous women during the third 
trimester of pregnancy, 161 of whom returned for postpartum 
urdynamic evaluation. The mean urodynamic values in the third 
trimester and after delivery were lower than the reported normal 
limits of the nonpregnant population. Antenatally, the preva-
lence of urodynamically proven stress incontinence was 9% and 
that of detrusor instability was 8%; after delivery, these values 
were 5% and 7%, respectively. Similarly, Nel and associates15 
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studied 66 pregnant women, 40 of whom returned for postpar-
tum urodynamic evaluation. A strong desire to void, urgency, 
maximum cystometric capacity, and maximum and average fl ow 
rates were all signifi cantly decreased during pregnancy. Urody-
namically proven stress incontinence was present in 12% of the 
pregnant subjects, and detrusor instability in 23%.

The cystometric capacity of the bladder during pregnancy has 
been studied by several investigators, but fi ndings are contradic-
tory. An early study by Muellner16 found that bladder capacity 
gradually increased from 12 to 32 weeks of gestation, reaching an 
average capacity of 1300 mL, and was associated with bladder 
hypotonia. This fi nding was confi rmed by another small urody-
namic study17  but doubted later by Francis,2 who found a reduced 
bladder capacity in the third trimester. Francis2 also found 
increased detrusor irritability in late pregnancy, rather than 
bladder hypotonia. More recent studies have confi rmed these 
latter observations.14,15

PATHOPHYSIOLOGY

Labor and delivery have long been known to be the major causes 
of pelvic fl oor injury. However, it is unknown whether the insult 
begins during pregnancy, before the active process of labor and 
delivery, and whether delivery by elective cesarean section, with 
no trial of labor, provides any protective effect. Major injury 
mechanisms include partial denervation of the pelvic fl oor and 
direct injury to the pelvic soft tissues.

Neurologic Damage

Electromyography (EMG) and pudendal nerve terminal motor 
latency (PNTML) measurements are considered to be useful in 
detecting denervation of the pelvic fl oor. Prolonged PNTML is 
obtained when large myelinated nerve axons have been damaged. 
Snooks and colleagues18,19 used electrophysiologic techniques to 
study 71 women at 48 to 72 hours after delivery and again, in 
70% of these women, 2 months later. An increased PNTML was 
found in 42% of the women 48 to 72 hours after vaginal delivery, 
but not in any of those who delivered by cesarean section. Mul-
tiparity, forceps delivery, increased duration of the second stage 
of labor (defi ned as the interval between full cervical dilatation 
and the delivery of the newborn), third degree perineal tear and 
high birth weight were all found to be associated with increased 
risk of pudendal neuropathy. However, by 2 months postpartum, 
the PNTML had returned to normal in 60% of the women, 
implying that the denervation injury is usually reversible. Four-
teen multiparas of the original cohort underwent repeated 
neurophysiologic studies 5 years after delivery.20 Five of these 14 
women complained of stress urinary incontinence and were 
found to have marked pudendal neuropathy. The investigators 
concluded that childbirth-associated pudendal neuropathy may 
persist and worsen with time.

Allen and colleagues21 studied the innervation of the pelvic 
fl oor muscles before and 2 months after delivery in 96 nulliparas. 
Using motor unit potential duration as a sign of reinnervation in 
response to denervation injury, they found evidence of partial 
denervation of the pelvic fl oor with consequent reinnervation in 
80% of the women after vaginal delivery. It was unclear whether 
the EMG changes were due to stretching of the pudendal nerve 
or to direct pressure of the fetal head on the nerve branches. 
Furthermore, evidence of partial denervation was also found in 
women who had undergone cesarean section during labor. This 

fi nding suggests that the denervation process may start during 
the fi rst stage of labor, before delivery. Women who had a long 
(>56.7 min) active second stage of labor (defi ned as the stage of 
active pushing) and heavier (>3.41 kg) babies showed the most 
EMG evidence of nerve damage. The investigators concluded that 
vaginal delivery causes partial denervation of the pelvic fl oor in 
the majority of women delivering their fi rst baby. For most 
women, the degree of denervation is slight, but in some there is 
severe damage that may be associated with loss of sphincteric 
control. Of the original study cohort of 96 women, 77 (80%) were 
available for 7-year and 65 (68%) for 15-year follow up.22 The 
motor unit potential durations were found to be increased 
signifi cantly after delivery, and again at 7 and 15 years; however, 
no correlation was found between this EMG fi nding and the 
symptom of stress incontinence. The investigators concluded 
that the absence of an adequate marker for pelvic fl oor denerva-
tion makes it diffi cult to determine the role of denervation/rein-
nervation after the fi rst delivery in the etiology of stress urinary 
incontinence.

Muscular Damage

Relative weakness of the pelvic fl oor muscles after vaginal deliv-
ery was confi rmed in several clinical studies. Insult may be sec-
ondary to nerve damage, local ischemia, muscle distention, or 
direct tearing of muscle fi bers. Peschers and associates23 demon-
strated that pelvic muscle strength was signifi cantly reduced 3 to 
8 days after vaginal delivery but not after cesarean section. In 
most women, muscle strength was restored to antepartum values 
6 to 10 weeks postpartum. However, Sampselle and coauthors24 
reported that recovery of levator ani contractility could take as 
long as 6 months after delivery.

Advanced imaging techniques have enabled visualization of 
the pelvic fl oor structures before and after labor and delivery. 
Sultan and colleagues25 used endosonography to assess antenatal 
and postnatal anal sphincter anatomy. At 6 to 8 weeks postpar-
tum, 35% of the 79 primiparous women studied had occult dis-
ruption of the internal or external anal sphincter. None had such 
sphincter defects before delivery. Of 48 multiparous women, 
40% had a sphincter defect before delivery and 44% thereafter. 
None of the 23 women who underwent cesarean section had a 
new sphincter defect after delivery. Further analysis revealed that 
forceps delivery was signifi cantly associated with anatomic 
damage.

Magnetic resonance imaging (MRI) has been used to detect 
anatomic and chemical changes, as well as to localize specifi c 
injury sites. DeLancey and coworkers26 used MRI to explore the 
appearance of the levator ani muscle after vaginal delivery. The 
study population consisted of 80 nulliparous and 160 primipa-
rous women. The primiparas were all examined 9 to 12 months 
after vaginal delivery. As many as 20% of the primiparas were 
found to have levator ani defects on MRI. Most defects were 
identifi ed in the pubovisceral portion of the levator ani (consists 
of the pubococcygeus, puborectalis, and puboperineus muscles), 
and some were in the iliococcygeal portion of the muscle. No 
levator ani muscle defects were identifi ed in nulliparous women. 
Moreover, stress-incontinent women were twice as likely to have 
levator ani defects than continent women. More recently, Lien 
and colleagues27 used MRI to create a three-dimensional com-
puter model of the levator ani muscle. This model was used to 
quantify levator ani muscle stretch during the second stage of 
labor. The investigators found that the medialmost pubococ-
cygeus muscle is at greater risk for stretch-related injury than any 
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other levator ani muscle during the second stage of labor. Tissue 
stretch ratios were also proportional to fetal head size.

Connective Tissue Damage

Normally, the endopelvic fascia and the anterior vaginal wall 
form a hammock-like layer in which the bladder and vesical neck 
rest. During increased intra-abdominal pressure, the urethra is 
compressed against this supporting hammock, and continence is 
maintained. Simultaneous contraction of the levator ani and the 
urethral sphincter muscles must also occur to support the vesical 
neck and to occlude the urethra.28 Indirect evidence of the effects 
of childbirth on this coordinated support mechanism was 
obtained by sonogram measurements of the vesical neck position 
before and after delivery. Both transperineal and transvaginal 
ultrasound were used to facilitate visualization of the vesical neck 
at rest; then, with the Valsalva maneuver, the relative descent was 
measured. Several studies showed lower vesical neck position in 
women who delivered vaginally, compared with those who 
underwent elective cesarean section and with nulliparous women. 
Likewise, mobility of the vesical neck during the Valsalva maneu-
ver was found to increase after vaginal delivery. However, it is 
less clear whether this increased vesical neck mobility is also 
associated with long-term pelvic fl oor disorders.8,10,29-31

OBSTETRIC RISK FACTORS

Parity, prolonged labor, instrument-assisted delivery, and 
increased birth weight have always been considered predisposing 
factors for pelvic fl oor injury and subsequent development of 
long-term pelvic fl oor dysfunction. However, clear scientifi c data 
regarding various obstetric parameters, as well as the possible 
protective effects of cesarean section, are inconsistent. These con-
fl icting data stress the need for further investigation of the role 
of pregnancy and delivery in the development of pelvic fl oor 
disorders.

Parity

Several investigators reported a positive correlation between 
parity and stress urinary incontinence.32-35 However, data con-
cerning a possible linear correlation versus a certain threshold of 
parity for the development of urinary incontinence are subject to 
controversy. Foldspang and colleagues36 found the prevalence of 
urinary incontinence in women aged 30 to 44 years to be corre-
lated with parity. However, in women aged 45 years or older, only 
three or more deliveries were associated with an increased risk of 
incontinence. Thomas and associates,37 in a postal questionnaire 
study of more than 7000 women, reported an increased preva-
lence of urinary incontinence in women with four or more chil-
dren. Nulliparous women had a lower prevalence of urinary 
incontinence than did those who had been delivered of one, two, 
or three babies, but within the parity range of one to three there 
were no differences in prevalence. Similarly, Wilson and co-
workers38 reported that the odds ratio for postpartum urinary 
incontinence increased signifi cantly after four deliveries.

The association between parity and urinary incontinence was 
also investigated by two large epidemiologic studies, the Norwe-
gian Epidemiology of Incontinence in the County of Nord-
Trondelag (EPINCONT) study39 and the Nurses’ Health Study.40 
The EPINCONT study was a large survey performed in one 
county in Norway during the years 1995-1997. The association 

between parity and urinary incontinence was analyzed in an 
unselected sample of 27,900 women who answered a detailed 
questionnaire. Overall, urinary incontinence was reported by 
25% of participants. Parity was associated only with stress and 
mixed types of incontinence, the fi rst delivery being the most 
signifi cant. The association was strongest in the age group 20 to 
34 years, with relative risks of 2.2 and 3.3 for primiparas and 
grand multiparas, respectively. A weaker association was found 
in the age group 35 to 64 years (relative risks, 1.4 and 2.0, respec-
tively), and no association was found among women older than 
65 years of age. The investigators concluded that all effects of 
parity seem to disappear in later years. The Nurses’ Health Study 
comprised 83,168 women aged 50 to 75 years. Overall, urinary 
incontinence was reported by 34% of participants. Similar to the 
EPINCONT study results, parity was associated with increased 
prevalence of urinary incontinence; however, the association was 
weaker among women aged 60 years or older. Results of these 
two large epidemiologic studies suggest that additional factors, 
other than childbirth, become more signifi cant in older women, 
thereby minimizing the effects of parity per se.

Birth Weight

The importance of specifi c labor parameters and their etiologic 
role in the development of pelvic fl oor disorders remains contro-
versial. Dimpfl  and associates41 found a similar incidence of post-
partum stress urinary incontinence among mothers whose 
neonates weighed 3500 g or more and those with infants weigh-
ing less than 3500 g. Viktrup and coworkers42 reported increased 
birth weights in infants of mothers who developed stress urinary 
incontinence after delivery, although statistical signifi cance was 
not reached. Our group34 found that the prevalence of postpar-
tum stress incontinence among grand multiparas who had given 
birth to at least one baby weighing more than 4000 g was signifi -
cantly higher than in those who had not (29.4% versus 16.7%, 
respectively). Similarly, Persson and colleagues35 found that the 
risk of later surgery for stress incontinence after vaginal delivery 
correlated with the weight of a woman’s largest infant.

The effect of various obstetric parameters and urinary in-
continence in later life was also investigated in the Norwegian 
EPINCONT study.43 The investigators analyzed data from 11,397 
women who had delivered vaginally only and who had no more 
than fi ve children. Nine obstetric parameters were investigated: 
birth weight, gestational age, head circumference, functional 
delivery disorders, injuries/tears, breech, forceps, vacuum deliv-
eries, and epidural anesthesia. Statistically signifi cant associations 
were found between any incontinence and birth weight of 4000 
g or more and between stress urinary incontinence and high birth 
weight; however, odds ratios were relatively weak (1.1 and 1.2, 
respectively).

Dysfunctional Labor

Early electrophysiologic studies showed that prolonged second 
stage of labor can cause partial denervation of the pelvic fl oor.18,19,21 
However, clinical studies have presented confl icting data regard-
ing the association between duration of labor and the later risk 
of sphincteric incontinence.44-48 The EPINCONT study grouped 
various disorders, among which were labor duration of more 
than 24 hours, cervical dystocia, uterine atonia, and attenuation 
of contraction, into one category entitled “functional delivery 
disorders.”43 Statistically signifi cant association was observed 
between this general category and moderate or severe urinary 
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incontinence; however, the odds ratio (1.3) was relatively weak. 
No further analysis was undertaken to examine specifi c parame-
ters, such as duration of the second stage of labor, within this 
category.

Instrument-Assisted Delivery

Results regarding the possible role of instrument-assisted vaginal 
delivery (i.e., vacuum or forceps) in the development of pelvic 
fl oor disorders are also confl icting. Dimpfl  and colleagues41 found 
a higher incidence of incontinence after instrumental-assisted 
vaginal delivery. However, other studies did not confi rm this 
fi nding.38,49,50 Sultan and coworkers25 used endosonography to 
assess antenatal and postnatal anal anatomy. Forceps delivery was 
found to be signifi cantly associated with anatomic damage: 
sphincter defects developed in 8 of the 10 primiparas who under-
went forceps delivery, but not in any of the 5 who had underwent 
vacuum extraction. In another study of 43 patients who had 
undergone an instrumental delivery, Sultan’s group50 reported 
that 81% of forceps deliveries were associated with sonographic 
anal sphincter damage, compared with 24% of vacuum deliver-
ies. Several other studies also demonstrated an increased risk of 
pelvic fl oor injury after forceps compared with vacuum deliver-
ies.52-55 However, one study reported a higher rate of vacuum 
rather than forceps deliveries in patients with postpartum fecal 
incontinence.56 Differences between obstetricians in their primary 
choice of instrument delivery (vacuum versus forceps), as well as 
their clinical skills and experience, may explain some of these 
results. Furthermore, it is possible that the main cause of pelvic 
fl oor damage during instrument deliveries is the obstetric indica-
tion for such an intervention, namely a prolonged second stage, 
rather than the type of instrument used per se. Therefore, avoid-
ance of instrumental intervention may facilitate prolonged dis-
tention of the vagina by the fetal head, causing greater damage 
to the pelvic fl oor.57 This speculation may be supported by the 
recent EPINCONT fi ndings suggesting a tendency for these pro-
cedures to protect against urinary incontinence, particularly for 
vacuum delivery.43

Cesarean Section

Several studies have examined the association between delivery 
by cesarean section and urinary incontinence. Persson and 
colleagues,35 in a large population-based study of 1942 women, 
studied risk factors for stress urinary incontinence as represented 
by a history of anti-incontinence surgery. No association was 
found between anti-incontinence surgery and pregnancy per se. 
Vaginal delivery was found to be associated with increased risk 
for anti-incontinence surgery, compared with elective cesarean 
section. Moreover, the odds ratio for anti-incontinence surgery 
was similarly decreased for nulliparas and for primiparas deliv-
ered by elective cesarean section. Wilson and associates38 studied 
the prevalence of urinary incontinence at 3 months after delivery 
in a heterogeneous group of 1505 primiparous and multiparous 
women. They found a signifi cantly lower prevalence of urinary 
incontinence after cesarean section, in particular among primi-
paras with no previous history of incontinence, compared to 
normal vaginal delivery. However, the difference between cesar-
ean sections performed before labor and those performed during 
labor was nonsignifi cant. A follow-up study, performed 5 to 7 
years later,58 confi rmed the lack of difference between elective 
and emergency cesarean sections; however, no differentiation 

was made between the various indications for emergency cesar-
ean section. Farrell and colleagues59 studied the association 
between the mode of fi rst delivery and prevalence of urinary 
incontinence at 6 months postpartum. Vaginal delivery was asso-
ciated with a higher prevalence of urinary incontinence (relative 
risk, 2.8) compared with cesarean section. No signifi cant differ-
ence was found between cesarean sections performed before and 
during labor. The authors concluded that cesarean section at any 
stage of labor reduced postpartum urinary incontinence. Rortveit 
and coworkers60 investigated the association between childbirth 
and urinary incontinence in a large community-based cohort of 
15,307 women who were younger than 65 years of age and were 
either nulliparous, had undergone only cesarean deliveries, or 
had had only vaginal deliveries. This analysis was part of the 
EPINCONT study described earlier. The prevalence of stress 
urinary incontinence was 4.7% in the nulliparous group, 6.9% in 
the cesarean section group, and 12.2% in the vaginal delivery 
group. Further classifi cation of cesarean sections into elective 
versus nonelective, performed in a subgroup of 239 primiparas, 
failed to reveal a statistically signifi cant difference. However, as 
in all other aforementioned studies, nonelective cesarean sections 
were analyzed as one group, with no further differentiation 
among cesarean sections for obstructed labor, fetal distress, 
maternal indications, and other obstetric conditions.

Grouping all cesarean section deliveries into one category may 
be associated with an overestimation bias, because it is possible 
that, in cases of cesarean section performed for obstructed labor, 
pelvic fl oor injury is already too extensive to be prevented by 
surgical intervention. To investigate this possibility, our group 
recently studied the prevalence of stress urinary incontinence 1 
year postpartum according to the mode of delivery: spontaneous 
vaginal delivery versus elective cesarean section versus cesarean 
section performed for obstructed labor.61 Our results showed a 
similar prevalence of stress urinary incontinence 1 year after 
delivery among primiparas who underwent spontaneous vaginal 
delivery and those who had undergone cesarean section for 
obstructed labor (10.3% and 12%, respectively; P = .7). Con-
versely, elective cesarean section, with no trial of labor, was 
associated with a signifi cantly lower prevalence of postpartum 
stress incontinence (3.4%; P = .02). This low prevalence of 
stress urinary incontinence among primiparas who had elective 
cesarean sections was similar to that reported for nulliparous 
women.34,60

Whether prevention of pelvic fl oor injury should be an indica-
tion for elective cesarean section is controversial62 and involves 
medical, fi nancial, and ethical aspects. It should be borne in mind 
that cesarean section may expose women to greater morbidity 
and mortality. Furthermore, the etiology of stress urinary incon-
tinence is multifactorial. Additional risk factors, other than mode 
of delivery, include heredity, collagen abnormalities, aging, 
obesity, and parity. Specifi c labor plans should therefore be based 
on overall judgment, taking into consideration personal clinical 
status and risk factors.

CLINICAL PRESENTATIONS

Stress Urinary Incontinence

Stress urinary incontinence is an exceedingly common symptom 
during pregnancy and the puerperium. Viktrup and associates42 

interviewed 305 primiparas in regard to stress urinary inconti-
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nence before and during pregnancy and after delivery. Of these, 
4% had stress urinary incontinence before pregnancy, 32% 
during pregnancy, and 7% after delivery. Among those women 
who reported stress incontinence during pregnancy, fewer than 
5% remained symptomatic 12 months after delivery. Of those 
who developed the condition after delivery, 24% remained symp-
tomatic at 12 months. These observations suggest that 
pregnancy-associated stress incontinence resolves after delivery 
in most women. The question of greater interest is whether 
women with pregnancy-associated stress incontinence are at 
increased risk for incontinence in later life. Of the original study 
cohort of 305 primiparous women reported by Viktrup and col-
leagues,42 278 (91%) were available for a 5-year follow-up.63 The 
overall prevalence of stress urinary incontinence at 5 years post-
partum was 30%. Among those women with pregnancy-
associated stress incontinence but full remission at 3 months 
postpartum, symptoms recurred 5 years later in 42%. Up to 92% 
of those with stress incontinence at 3 months postpartum 
developed stress incontinence 5 years later. The investigators 
concluded that fi rst pregnancy and delivery are important in the 
development of long-lasting stress incontinence and that the use 
of vacuum delivery and episiotomy seems to increase the risk.

Schytt and colleagues64 studied the prevalence and predictors 
of stress incontinence 1 year after childbirth. The study cohort 
comprised 2390 Swedish women who completed questionnaires 
during pregnancy and again at 2 months and 1 year after de-
livery. One year postpartum, 22% of the women were stress-
incontinent, but only 2% considered it a major problem. The 
strongest predictor for stress incontinence at 1 year, in primipa-
ras as well as multiparas, was urinary incontinence during preg-
nancy and at 4 to 8 weeks after delivery. Of those who had urinary 
incontinence during the third trimester, 31% to 41% were stress-
incontinent 1 year after delivery. Of those who had urinary 
incontinence 4 to 8 weeks after delivery, 44% to 59% were stress 
incontinent 1 year postpartum. Other predictors unrelated to 
parity were obesity and constipation during pregnancy and after 
delivery. Several other investigators found that, regardless of the 
mode of fi rst delivery, new onset of stress urinary incontinence 
during pregnancy is associated with increased risk of long-lasting 
stress urinary incontinence5,34,35,38,61,65 These observations suggest 
that the etiology of stress incontinence is more complicated than 
previously estimated and that the onset of incontinence is also 
related to the pregnant status, rather than to obstetric trauma 
per se.

Anal Incontinence

The true prevalence of anal incontinence is unknown and most 
probably has been underestimated. Although anal incontinence 
is more common among elderly patients, many young female 
patients are also affected. Previous studies reported that 3% to 
7% of women experienced anal incontinence several months 
after delivery.45,56,66  Pollack and colleagues67 studied the preva-
lence of anal incontinence in primiparous women 5 years after 
their fi rst delivery. The study population included 242 women 
who completed questionnaires before pregnancy and at 5 months, 
9 months, and 5 years after delivery. Among women with no 
visible sphincter tears at their fi rst delivery, 25% reported anal 
incontinence at 9 months and 32% at 5 years. Among those with 
sphincter tears, 44% reported anal incontinence at 9 months and 
53% at 5 years. The majority of symptomatic women had infre-

quent incontinence to fl atus, whereas frank fecal incontinence 
was rare. Risk factors for anal incontinence at 5 years were age, 
sphincter tear, and subsequent childbirth.

The reported incidence of anal sphincter tears after fi rst deliv-
ery and subsequent childbirth varies widely. Moreover, sphincter 
tears may be overt (third- or fourth- degree tears), diagnosed and 
repaired immediately after delivery, or occult, identifi ed by endo-
anal ultrasonography after childbirth. The incidence of overt 
sphincter injury is estimated to be 0.5% to 3.3% in centers where 
mediolateral episiotomy is practiced or higher, 11% to 28%, in 
centers where midline episiotomies are used.68-70 Women with 
third- and fourth-degree sphincter tears are more likely to develop 
anal incontinence. Fornell and associates71 compared 51 women 
with and 31 women without anal sphincter injury and found that 
as many as 40% of the affected women reported fecal inconti-
nence 6 months after delivery. Twenty-six of the original study 
group and 6 of the original controls were objectively and subjec-
tively re-examined 10 years later.72 Incontinence to fl atus and 
liquid stool was more severe in the study group than in controls. 
Subjective and objective anal function after sphincter injury was 
found to deteriorate over time and with subsequent vaginal deliv-
eries. Moreover, 7 of the original 51 women underwent second 
repair of the sphincter defect (5 before the follow-up study, and 
2 more afterward by referral for secondary repair due to fecal 
incontinence). The investigators indicated that fecal incontinence 
must be considered a strong marker for unsatisfactory results of 
primary repair. In view of the disappointing results obtained with 
secondary repairs, preventive measures and optimal primary 
repair are strongly recommended.

A relatively high incidence of occult sphincter injury was 
reported after apparently uneventful vaginal deliveries. Sultan 
and associates25 used endosonography to assess antenatal and 
postnatal anal anatomy. No sphincter defects were demonstrated 
antenatally among 79 primiparous patients studied. However, at 
6 to 8 weeks postpartum, 35% had occult disruption of the inter-
nal or external anal sphincter. Of the 48 multiparous women, 
40% had a sphincter defect prenatally and 44% postnatally. None 
of the 23 women who underwent cesarean section had a new 
sphincter defect after delivery. When the women studied 6 weeks 
after delivery, anal incontinence or fecal urgency was found in 
13% of the primiparas and 23% of the multiparas who delivered 
vaginally. A strong association was observed between sphincter 
defects and the development of bowel symptoms. In another 
study of 43 patients who had had instrumental deliveries, Sultan 
and colleagues51 reported that 81% of forceps deliveries were 
associated with sonographic anal sphincter damage, compared 
with 24% of vacuum deliveries. A recent meta-analysis of fi ve 
studies, with overall 717 women who underwent endoanal ultra-
sonography after childbirth, revealed a 26.9% incidence of anal 
sphincter defects in primiparous women and an 8.5% incidence 
of new sphincter defects in multiparous women. About one third 
of women with occult anal sphincter defects were symptomatic 
after delivery.73

Pelvic Organ Prolapse

Pelvic organ prolapse is very common and is seen in up to 50% 
of parous women.74 Hendrix and associates75 studied the pre-
valence of pelvic organ prolapse among 27,342 women (the 
Women’s Health Initiative Study). Among the 16,616 women 
with a uterus, the rate of uterine prolapse was 14.2%; the rate of 
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cystocele was 34.3%, and the rate of rectocele was 18.6%. Among 
the 10,727 women who had undergone hysterectomy, prevalence 
of cystocele was 32.9% and that of rectocele was 18.3%. In 1997, 
the rate of pelvic organ prolapse surgery in the United States 
was 22.7 per 10,000 women, making prolapse one of the most 
common surgical indications in women.76 Similarly, the lifetime 
risk of surgery for prolapse by age 80 years was estimated to be 
11%.77

Pregnancy and childbirth are major risk factors for pelvic 
organ prolapse. Both the levator ani muscle and the endopelvic 
fascia are important in maintaining the pelvic organs in their 
normal anatomic position. Both may be injured during preg-
nancy and delivery, thus predisposing to the later development 
of pelvic organ prolapse. Sze and colleagues78 found that some 
degree of pelvic organ prolapse existed in their subjects during 
the third trimester of pregnancy and that the prevalence of pro-
lapse at 6 weeks after delivery was similar in women who under-
went vaginal delivery and those who had emergency cesarean 
section. Similarly, O’Boyle and associates79 found that nullipa-
rous pregnant women were more likely to have pelvic organ 
prolapse than their nulliparous, nonpregnant controls. These 
fi ndings imply that the prolapse process begins during pregnancy 
and early labor. The risk is further increased after vaginal deliver-
ies. Mant and colleagues80 studied a cohort of 17,000 British 
women. Parity was the strongest variable related to surgery for 
pelvic organ prolapse. Samuelsson and coworkers81 studied a 
cohort of 487 Swedish women. The risk for pelvic organ prolapse 
was found to increase with parity and age. Parity and obesity were 
also strongly associated with increased risk for pelvic organ pro-
lapse in the large Women’s Health Initiative Study.75 Women 
who had had at least one child were twice as likely to have pelvic 
organ prolapse as were nulliparous controls, after adjusting for 
age, ethnicity, body mass index, and other factors.

Richardson and colleagues82 documented breaks in the endo-
pelvic fascia in women with pelvic organ prolapse and stress 
urinary incontinence. These breaks are considered to be second-
ary to obstetric trauma. The anatomic injury may be further 
complicated by childbirth-associated denervation injury. Evi-
dence of such denervation has been detected in up to 50% of 
women with symptomatic pelvic organ prolapse.83-85 However, 
one should bear in mind that, as with sphincteric incontinence, 
the etiology of pelvic organ prolapse is complex and multifacto-
rial. Possible risk factors, other than pregnancy and childbirth, 
include connective tissue abnormalities, aging, hysterectomy, 
menopause, and factors associated with chronically raised intra-
abdominal pressure.86

Voiding Diffi culties

Data regarding the correlation between obstetric parameters and 
voiding phase disorders are scarce and controversial. Conceptu-
ally, voiding phase dysfunction may be result from bladder and/
or urethral causes. Bladder causes include detrusor contraction 
of inadequate magnitude and/or duration to effect bladder emp-
tying (detrusor underactivity) and the absence of detrusor con-
traction (detrusor arefl exia). Urethral causes consist of bladder 
outlet obstruction due to urethral overactivity (functional 
obstruction) or anatomic pathologies (mechanical obstruction). 
These mechanisms may all be responsible for abnormal voiding 
during the puerperium. Mechanical bladder outlet obstruction 
may develop secondary to local hematoma or edema, functional 

obstruction may be secondary to pain, and detrusor underactiv-
ity may be the end result of pelvic fl oor denervation or neglected 
bladder overdistention.

Most previously published studies used postvoid residual 
urine volume, measured by either ultrasound or transurethral 
catheterization, to detect postpartum voiding dysfunction. Andolf 
and colleagues87 investigated residual urinary volumes on the 
third postpartum day in 539 women who delivered vaginally. 
Eight women (1.5%) had a residual volume exceeding 150 mL. 
Retention was more common after instrument delivery or epi-
dural analgesia. Yip and associates88,89 reported a 4.9% incidence 
of acute, symptomatic postpartum urinary retention among 691 
women who delivered vaginally. An additional 9.7% of patients 
had no urinary symptoms, but their postvoid residual urinary 
volume on the fi rst postpartum day was 150 mL or greater (up 
to 1000 mL). A signifi cant correlation was found between the 
duration of the fi rst and second stages of labor and postpartum 
residual urinary volume. We recently reported that approxi-
mately half of 277 consecutive women complained of signifi cant 
voiding diffi culties in the immediate postpartum period. The 
main risk factors included prolonged fi rst and second stages of 
labor, vacuum extraction, and birth weight 3800 g or greater.90

Most cases of early postpartum voiding diffi culties resolve 
spontaneously within few days. Persistent postpartum urinary 
retention, beyond the early puerperium, is uncommon. In a 
study of 8402 consecutive, unselected parturients delivered in a 
university-affi liated maternity hospital over a 1-year period, only 
4 patients (0.05%) developed persistent postpartum urinary 
retention.91 Risk factors for persistent postpartum urinary reten-
tion included vaginal delivery after cesarean section, prolonged 
second stage of labor, epidural analgesia, and delayed diagnosis 
and intervention. Urodynamic evaluation, performed in two of 
these patients 1 month after removal of the suprapubic catheter, 
revealed stress incontinence in one and detrusor overactivity in 
the other. Similarly, Carley and colleagues92 reported a 0.45% 
prevalence rate of clinically overt postpartum urinary retention 
among 11,332 vaginally delivered women. Urinary retention was 
found to be highly associated with instrument-assisted delivery 
and epidural analgesia. Most affected women resumed spontane-
ous voiding within 72 hours, but 13 women (0.1%) developed 
persistent postpartum urinary retention. These two studies indi-
cate that persistent postpartum urinary retention is rare in 
modern obstetric practice but may be associated with long-term 
bladder dysfunction. Early diagnosis of postpartum voiding dys-
function and adequate intervention are therefore required to 
prevent irreversible bladder damage.

SUMMARY

Pregnancy and childbirth are associated with anatomic and neu-
romuscular injuries of the pelvic fl oor. These injuries predispose 
for various pelvic organ disorders that may manifest during preg-
nancy and after delivery or develop in later years. Cesarean 
section appears to be protective, especially if undertaken elec-
tively, with no trial of labor. Whether the prevention of pelvic 
fl oor injury should be an indication for elective cesarean section 
is controversial. It should be borne in mind that cesarean section 
may expose women to greater morbidity and mortality, and that 
the etiology of pelvic organ disorders is multifactorial. Additional 
risk factors, other than pregnancy and childbirth, include hered-
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ity, collagen abnormalities, obesity, and aging. Better under-
standing of pathophysiologic mechanisms associated with pelvic 
fl oor dysfunction may provide the possibility of using appropri-
ate preventive measures other than elective cesarean section. Fur-

thermore, as new therapies emerge, it is likely that different 
pathophysiologies will be treated differently. Exploring these 
processes and quantifying subjective and objective fi ndings 
remains a clinical challenge.
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Chapter 53

FUNCTIONAL ANATOMY AND 
PATHOPHYSIOLOGY OF PELVIC 
ORGAN PROLAPSE
Yvonne Hsu and John O.L. DeLancey

Pelvic fl oor disorders, including pelvic organ prolapse and urinary 
incontinence, are debilitating conditions that result in surgery in 
one of nine women.1 In the United States, the National Center 
for Health Statistics estimates that 400,000 operations are per-
formed for pelvic fl oor dysfunction each year, with 300,000 of 
these occurring in the inpatient setting.2,3 This is six to eight times 
more operations than radical prostatectomies performed each 
year. Although there is wide recognition of urinary incontinence, 
pelvic organ prolapse is responsible for twice as many operations, 
yet its causes are largely unknown. Prolapse arises because of 
injuries and deterioration of the muscles, nerves, and connective 
tissues that support and control normal pelvic function. This 
chapter addresses the functional anatomy of the pelvic fl oor in 
women and specifi cally focuses on how the pelvic organs are 
supported by the surrounding muscle and fasciae. It also con-
siders the pathophysiology of pelvic organ prolapse as it relates 
to changes in these structures.

SUPPORT OF THE PELVIC ORGANS: 
CONCEPTUAL OVERVIEW

The pelvic organs rely on their connective tissue attachments to 
the pelvic walls and on support from the levator ani muscles, 
which are under neuronal control from the peripheral and central 
nervous systems. In this chapter, the term pelvic fl oor is used 
broadly to include all of the structures that support the pelvic 
cavity rather than just the levator ani group of muscles.

The pelvic fl oor consists of several components lying between 
the peritoneum and the vulvar skin. From above downward, 
these are the peritoneum, pelvic viscera and endopelvic fascia, 
levator ani muscles, perineal membrane, and superfi cial genital 
muscles. The support for all these structures comes from connec-
tions to the bony pelvis and its attached muscles. The pelvic 
organs are often thought of as being supported by the pelvic 
fl oor, but they are actually a part of it. The pelvic viscera play an 
important role in forming the pelvic fl oor through their connec-
tions with structures such as the cardinal and uterosacral 
ligaments.

In 1934, Bonney pointed out that the vagina is in the same 
relationship to the abdominal cavity as the in-turned fi nger of a 
surgical glove is to the rest of the glove (Fig. 53-1).4 If the pressure 
in the glove is increased, it forces the fi nger to protrude down-
wards in the same way that increases in abdominal pressure force 
the vagina to prolapse. Figure 53-2 provides a schematic illustra-
tion of this prolapse phenomenon. In Figure 53-2C, the lower 
end of the vagina is held closed by the pelvic fl oor muscles, which 

prevents prolapse by constricting the base of the invaginated 
fi nger. Figure 53-2D shows suspension of the vagina to the pelvic 
walls. Figure 53-2E demonstrates that spatial relationships are 
important in the fl ap-valve closure, in which the suspending 
fi bers hold the vagina in a position against the supporting walls 
of the pelvis; increases in pressure force the vagina against the 
wall, thereby pinning it in place. Vaginal support is a combina-
tion of constriction, suspension, and structural geometry.

The female pelvis can naturally be divided into anterior and 
posterior compartments (Fig. 53-3). The genital tract (vagina and 
uterus) divides these two compartments through lateral connec-
tions to the pelvic sidewall and suspension at its apex. The levator 
ani muscles form the bottom of the pelvis. The organs are attached 
to the levator ani muscles when they pass through the urogenital 
hiatus and are supported by these connections.

Functional Anatomy and Prolapse

The pelvic organ support system is multifaceted and includes the 
endopelvic fascia, the perineal membrane, and the levator ani 
muscles, which are controlled by the central and peripheral 
nervous system. The supports of the uterus and vagina are dif-
ferent in different regions (Fig. 53-4).5 The cervix (when present) 
and the upper third of the vagina (level I) have relatively long 
suspensory fi bers that are vertically oriented in the standing posi-
tion, whereas the midportion of the vagina (level II) has a more 
direct attachment laterally to the pelvic wall (Fig. 53-5). In the 
most caudal region (level III), the vagina is attached directly to 
the structures that surround it. At this level, the levator ani 
muscles and the perineal membrane have important supportive 
functions.

In the upper part of the genital tract, a connective tissue 
complex attaches all the pelvic viscera to the pelvic sidewall. This 
endopelvic fascia forms a continuous, sheet-like mesentery, 
extending from the uterine artery at its cephalic margin to the 
point at which the vagina fuses with the levator ani muscles 
below. The fascial region that attaches to the uterus is called the 
parametrium, and that which attaches to the vagina is the para-
colpium. Level I is composed of both parametrium and paracol-
pium. The uterosacral and cardinal ligaments together form the 
parametrium and support the uterus and upper third of the 
vagina. The paracolpium portion of level I consists of a relatively 
long sheet of tissue that suspends the superior aspect of the vagina 
by attaching it to the pelvic wall. This is true whether or not the 
cervix is present. The uterosacral ligaments are important com-
ponents of this support. At level II, the paracolpium changes 
confi guration and forms more direct lateral attachments of the 

542

Ch053-X2339.indd   542 1/31/2008   2:41:18 PM



 Chapter 53 FUNCTIONAL ANATOMY AND PATHOPHYSIOLOGY OF PELVIC ORGAN PROLAPSE 543

Figure 53-1 Bonney’s analogy of vaginal prolapse. The vagina is in the same relationship to the abdominal cavity as the in-turned fi nger of 
a surgical glove is to the rest of the glove (left). The eversion of an intussuscepted surgical glove fi nger by increasing pressure within the 
glove is analogous to prolapse of the vagina (right). (© 2002 DeLancey; with permission.)

A B

C D E
Figure 53-2 Diagrammatic display of vaginal support. A, Invaginated area in a surrounding compartment. B, The prolapse opens when 
the pressure (arrow) is increased. C, Closing the bottom of the vagina prevents prolapse by constriction. D, Ligament suspension. E, With 
fl ap-valve closure, suspending fi bers hold the vagina in a position against the wall, allowing increases in pressure to pin it in place. 
(© 2002 DeLancey; with permission.)
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544 Section 7 FEMALE ORGAN PROLAPSE

midportion of the vagina to the pelvic walls (Fig. 53-6). These 
lateral attachments have functional signifi cance: they stretch the 
vagina transversely between the bladder and the rectum. In the 
distal vagina (level III), the vaginal wall is directly attached to 
surrounding structures without any intervening paracolpium. 
The vagina fuses anteriorly with the urethra, posteriorly with the 
perineal body, and laterally with the levator ani muscles.

Damage to level I support can result in uterine or vaginal 
prolapse of the apical segment. Damage to the level II and III 
portions of vaginal support results in anterior and posterior 
vaginal wall prolapse. The varying combinations of these defects 

Figure 53-3 Compartments of the pelvis. The vagina, connected 
laterally to the pelvic walls, divides the pelvis into an anterior and 
posterior compartment. (© 1998 DELANCEY.)

Figure 53-4 Attachments of the cervix and vagina to the pelvic 
walls, demonstrating different regions of support with the uterus 
in situ. Note that the uterine corpus and the bladder have been 
removed. (© 2002 DeLancey; with permission.)

Figure 53-5 Levels of vaginal support after hysterectomy. In level I 
(suspension), the paracolpium suspends the vagina from the lateral 
pelvic walls. Fibers of level I extend both vertically and also 
posteriorly toward the sacrum. In level II (attachment), the vagina 
is attached to the arcus tendineus fascia pelvis and the superior 
fascia of levator ani. Sagittal view (inset) shows the three regions of 
support. (© 2002 DeLancey; with permission.)

Figure 53-6 Close-up diagram of the lower margin of level II 
vaginal support system after a wedge of vagina has been removed 
(inset). Note how the anterior vaginal wall, through its connections 
to the arcus tendineus fascia pelvis, forms a supportive layer 
clinically referred to as the pubocervical fascia. (© 2002 DeLancey; 
with permission.)
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are responsible for the diversity of clinically encountered prob-
lems and are discussed in the following sections.

Apical Segment

In level I, the cardinal and uterosacral ligaments attach the cervix 
and the upper third of the vagina to the pelvic walls.6,7 Neither is 
a true ligament in the sense of a skeletal ligament that is com-
posed of dense regular connective tissue similar to knee liga-
ments. Rather, they are “visceral ligaments” that are similar to 
bowel mesentery. They are made of blood vessels, nerves, smooth 
muscle, and adipose tissue intermingled with irregular connec-
tive tissue. They have a supportive function in limiting the excur-
sion of the pelvic organs, much as the mesentery of the small 
bowel limits the movement of the intestine. When these struc-
tures are placed on tension, they form condensations that sur-
geons refer to as ligaments.

The uterosacral ligaments are bands of tissue that run under 
the rectovaginal peritoneum; they are composed of smooth 
muscle, loose and dense connective tissue, blood vessels, nerves, 
and lymphatics.6 They originate from the posterolateral aspect 
of the cervix at the level of the internal cervical os and from 
the lateral vaginal fornix.6 Although macroscopic investigation 
showed insertion of the ligament to the levator ani, the coccyg-
eus, and the presacral fascia,8 examination by magnetic resonance 
imaging (MRI) showed that the uterosacral ligaments overlie 
the sacrospinous ligament and coccygeus in 82% of the cases 
and overlie the sacrum in only 7% of the cases.9 The difference 
between the appearance of these structures on MRI and on dis-
section may have to do with the tension placed on the structures 
during dissection and require further research to clarify.

The cardinal ligament is a mass of retroperitoneal areolar con-
nective tissue in which blood vessels predominate; it also contains 
nerves and lymphatic channels.7 It has a confi guration similar to 

that of “chicken wire” or fi shing net in its natural state, but when 
placed under tension it assumes the appearance of a strong cable 
as the fi bers align along the lines of tension.7 It originates from 
the pelvic sidewall and inserts on the uterus, cervix, and upper 
third of the vagina. Both the uterosacral and cardinal tissues are 
critical components of level I support and provide support for 
the vaginal apex after hysterectomy (see Figs. 53-5 and 53-6). The 
cardinal ligaments are oriented in a relatively vertical axis (in the 
standing posture), whereas the uterosacral ligaments are more 
dorsal in their orientation.

The nature of uterine support (Fig. 53-7) can be understood 
when the cervix is pulled downward with a tenaculum during 
dilation and curettage. After a certain amount of descent, the 
level I supports become tight and arrests further cervical 
descent. Similarly, downward descent of the vaginal apex after 
hysterectomy is resisted by the paracolpium. Damage to the 
upper suspensory fi bers of the paracolpium (cardinal and 
uterosacral ligaments) allows uterine or apical segment prolapse 
(Fig. 53-8).

Although descriptions of uterine support often imply that the 
uterus is suspended by the cardinal/uterosacral complex, much 
like a light suspended by a wire from the ceiling, this is not the 
case. The suspensory ligaments hold the uterus in position over 
the levator muscles, which in turn reduce the tension on the liga-
ments and protect them from excessive tension. This concept is 
discussed later, in the section on interactions between muscles 
and ligaments.

Anterior Compartment

Anterior compartment support depends on the connections of 
the vagina and periurethral tissues to the muscles and fascia of 
the pelvic wall via the arcus tendineus fascia pelvis (Fig. 53-9). 
On both sides of the pelvis, the arcus tendineus fascia pelvis is a 

Figure 53-7 Uterine prolapse, showing the cervix protruding from the vaginal opening (left) and vaginal prolapse where the puckered scar 
indicates where the cervix used to be (right). (© 2002 DeLancey; with permission.)
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band of connective tissue attached at one end to the lower sixth 
of the pubic bone, 1 cm lateral to the midline, and at the other 
end to the ischium, just above the spine.

The anterior wall fascial attachments to the arcus tendineus 
fascia pelvis have been called the paravaginal fascial attachments 

by Richardson.10 Lateral detachment of the paravaginal fascial 
connections from the pelvic wall is associated with stress incon-
tinence and anterior prolapse (Fig. 53-10). Further details of the 
structural mechanics of anterior wall support are provided later. 
In addition, the upper portions of the anterior vaginal wall are 

Figure 53-8 Damage to the suspensory ligaments (tears) can lead 
to eversion of the vaginal apex when subjected to downward forces 
(arrow). (© 2002 DeLancey; with permission.)

Figure 53-9 Lateral view in the standing position of the pelvic fl oor 
structures related to urethral support. The cut is just lateral to the 
midline. Note that windows have been cut in the levator ani 
muscles, vagina, and endopelvic fascia so that the urethra and 
anterior vaginal walls can be seen. (© 2002 DeLancey; with 
permission; redrawn after © 1994 DeLancey).

Figure 53-10 Left, Attachment of the arcus tendineus pelvis to the pubic bone, the arcus tendineus pelvis (black arrows). Right, A 
paravaginal defect wherein the cervical fascia has separated from the arcus tendineus (black arrows point to the sides of the split). PS, pubic 
symphysis. (© 2002 DeLancey; with permission.)
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affected by the suspensory actions of level I. If the cardinal and 
uterosacral ligaments fail, the upper vaginal wall prolapses down-
ward while the lower vagina (levels II and III) remains 
supported.

Anterior vaginal wall prolapse can occur either because of 
lateral detachment of the anterior vaginal wall at the pelvic side 
wall, referred to as a displacement “cystocele,” or as a central 
failure of the vaginal wall itself that results in distention “cysto-
cele” (Fig. 53-11). Although various grading schemes have been 
described for anterior vaginal prolapse, they are often focused on 
the degree of prolapse rather than the anatomic perturbation that 
results in descent; therefore, it is important to describe anterior 
prolapse with regard to the location of the fascial failure (lateral 
detachment versus central failure). At present, although a number 
of investigators have described techniques to distinguish central 
from lateral detachment, validation of these techniques remains 
elusive.

Cystocele caused by defects of the midline fascia is easy to 
understand, but understanding how lateral detachment results in 
cystocele is not as obvious. The fact that lateral detachment is 
associated with cystourethrocele was fi rst established by Richard-
son and colleagues10 (see Fig. 53-10). A study of 71 women with 
anterior compartment prolapse showed that paravaginal defect 
usually results from a detachment of the arcus tendineus fascia 
pelvis from the ischial spine, and rarely from the pubic bone.11 A 
visual analogy is that of a swinging trapezoid (Fig. 53-12). The 
mechanical effect of this detachment allows the trapezoid to 
rotate downward. When this happens, the anterior vaginal wall 
protrudes through the introitus. Upward support of the trape-
zoid is also provided by the cardinal and uterosacral ligaments in 
level I. For this reason, resuspension of the vaginal apex at the 

time of surgery, in addition to paravaginal or anterior colpor-
rhaphy, helps to return the anterior wall to a more normal 
position.

Anatomically, the term endopelvic fascia refers to the areolar 
connective tissue surrounding the vagina. It continues down the 
length of the vagina as loose areolar tissue surrounding the pelvic 
viscera (Fig. 53-13). The term “fascia” is often used by surgeons 
to refer to the strong tissue that they sew together during anterior 
repairs. This has led to confusion and misunderstanding of the 
anatomy. Histologic examination has shown that the vagina is 
made up of three layers: epithelium, muscularis, and adventitia 
(Fig. 53-14).12-14 The adventitial layer is loose areolar connective 
tissue made up of collagen and elastin. These layers form the 
vaginal tube. The tissue that surgeons plicate during repairs is not 
what an anatomist would refer to as endopelvic fascia; rather, it 
is the vaginal muscularis and the adventitial layer of the vaginal 
tube. Also, many basic science studies that are addressed later in 
this chapter have used biopsies from the vaginal tube and not 
from the endopelvic fascia that connects the vaginal wall to the 
pelvic sidewalls.

Perineal Membrane (Urogenital Diaphragm)

Spanning the anterior part of the pelvic outlet, below the levator 
ani muscles, there is a dense triangular membrane called the 
perineal membrane. The term perineal membrane replaces the old 
term, urogenital diaphragm, refl ecting the fact that this layer is 
not a single muscle layer with a double layer of fascia (i.e., a 
“diaphragm”) but rather a set of connective tissues that surround 
the urethra.15 The orientation consists of a single connective 
tissue membrane, with muscle lying immediately above. The 

Figure 53-11 Left, Displacement “cystocele”: the intact anterior vaginal wall has prolapsed downward due to paravaginal defect. Note that 
the right side of the patient’s vagina and cervix has descended more than the left because of a larger defect on that side. Right, Distention 
“cystocele”: the anterior vaginal wall fascia has failed, and the bladder is distending the mucosa. (© 2002 DeLancey; with permission.)
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perineal membrane lies at the level of the hymen and attaches the 
urethra, vagina, and perineal body to the ischiopubic rami (Fig. 
53-15). The compressor urethrae and urethrovaginal sphincter 
muscles are associated with the cranial surface of the perineal 
membrane.

Posterior Compartment and Perineal Membrane

The posterior vagina is supported by connections between the 
vagina, the bony pelvis, and the levator ani muscles.16 The lower 
third of the vagina is fused with the perineal body (level III), (Fig. 
53-16) which connects the perineal membranes on either side. 
The midposterior vagina (level II) is connected to the inside of 
the levator ani muscles by sheets of endopelvic fascia (Fig. 53-17). 
These connections prevent vaginal descent during increases in 
abdominal pressure. The most medial aspects of these paired 
sheets are the rectal pillars. In its upper third, the posterior vagina 
is connected laterally by the paracolpium of level I. Separate 

systems for anterior and posterior vaginal support do not exist 
at level I.

The fi bers of the perineal membrane connect through the 
perineal body, thereby providing a layer that resists downward 
descent of the rectum. If this attachment becomes broken, then 
the resistance to downward descent is lost (see Fig. 53-16B). This 
situation is somewhat like an incisional hernia seen after disrup-
tion of a vertical incision, in which the bowel protrudes through 
a defect between the rectus abdominus muscles if the hernia is 
due to a defect in the rectus sheath. In the same way, protrusion 
of the rectum between the levator ani muscles can be seen if a 
disruption of the perineal body and connections of the perineal 
membrane occurs (Fig. 53-18). Reattachment of the separated 
structures during perineorrhphy corrects this defect and is a 
mainstay of reconstructive surgery. Because the levator ani 
muscles are intimately connected with the cranial surface of the 
perineal membranes, this reattachment also restores the muscles 
to a more normal position under the pelvic organs, in a location 
where they can provide support.

A
B

C D
Figure 53-12 Conceptual diagram showing the mechanical effect of detachment of the arcus tendineus fascia pelvis from the ischial spine. 
A, Trapezoidal plane of the pubocervical fascia. The attachments to the pubis and the ischial spines are intact. B, The connection to the 
spine has been lost, allowing the fascial plane to swing downward. C, Normal anterior vaginal wall as seen with a weighted speculum in 
place. D, The effect of dorsal detachment of the arcus from the ischial spine. (© 2002 DeLancey; with permission.)
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Levator Ani Muscles

Below and surrounding the pelvic organs are the levator ani 
muscles (Fig. 53-19).17 When these muscles and their covering 
fascia are considered together, the combined structures are 
referred to as the pelvic diaphragm (not to be confused with 
the so-called urogenital diaphragm, discussed in the previous 
section).

There are three components of the levator ani muscle. The 
iliococcygeal portion forms a thin, relatively fl at, horizontal shelf 
that spans the potential gap from one pelvic sidewall to the other. 
The pubovisceral muscle (also known as the pubococcygeus 
muscle) attaches the pelvic organs to the pubic bone, and the 
puborectal muscle forms a sling behind the rectum. The origins 
and insertions of these muscles as well as their characteristic 
anatomic relations are shown in Table 53-1 and Figure 53-19.18

The opening between the levator ani muscles through which 
the urethra, vagina, and rectum pass is the levator hiatus. The 
portion of the levator hiatus that lies ventral to the perineal body Figure 53-13 Histiologic cross-section of pelvis at the level of the 

mid-urethra. (From the collection of Dr. Thomas E Oelrich. © 2005 
DeLancey; with permission.)

Figure 53-14 Higher magnifi cation of a section of vaginal wall. 
Note the lack of a fascial layer. The endopelvic fascia is not seen at 
this magnifi cation. (© 2005 DeLancey; with permission.)

Figure 53-15 Position of the perineal membrane and its associated 
components of the striated urogenital sphincter, the compressor 
urethrae, and the urethrovaginal sphincter (© DeLancey; with 
permission.)

A B
Figure 53-16 A, The perineal membrane spans the arch between the ischiopubic rami, with each side attached to the other through their 
connection in the perineal body. B, Note that separation of the fi bers in this area leaves the rectum unsupported and results in a low 
posterior prolapse. (© 1999 DeLancey; with permission.)

Ch053-X2339.indd   549 1/31/2008   2:41:23 PM



550 Section 7 FEMALE ORGAN PROLAPSE

is referred to as the urogenital hiatus, and it is through this 
opening that prolapse of the vagina, uterus, urethra, and bladder 
occurs. The urogenital hiatus is bounded anteriorly by the pubic 
bones, laterally by levator ani muscles, and posteriorly by the 
perineal body and external anal sphincter. The baseline tonic 
activity of the levator ani muscle keeps the hiatus closed by com-
pressing the urethra, vagina, and rectum against the pubic bone, 
pulling the pelvic fl oor and organs in a cephalic direction.19 This 
continuous muscle action closes the lumen of the vagina, much 
as the anal sphincter closes the anus. This constant action elimi-
nates any opening within the pelvic fl oor through which prolapse 
could occur and forms a relatively horizontal shelf on which the 
pelvic organs are supported.20 Damage to the levators resulting 
from nerve or connective tissue injury leaves the urogenital hiatus 
open and results in prolapse.

Endopelvic Fascia and Levator Ani Interactions

The interaction between the levator ani muscles and the endo-
pelvic fascia is one of the most important biomechanical features 
of pelvic organ support. As long as the muscles maintain their 
constant tone closing the pelvic fl oor, the ligaments of the endo-
pelvic fascia have very little tension on them even with increases 

in abdominal pressure. If the muscles become damaged so that 
the pelvic fl oor sags downward, the organs are pushed through 
the urogenital hiatus. Once they have fallen below the level of the 
hymenal ring, they are unsupported by the levator ani muscles, 
and the ligaments must carry the entire load. Although the endo-
pelvic fascia can sustain these loads for short periods, if the pelvic 
muscles do not close the urogenital hiatus, the connective tissue 

Figure 53-17 Lateral view of the pelvis showing the relationships of 
the puborectalis, iliococcygeus, and pelvic fl oor structures after 
removal of the ischium below the spine and sacrospinous ligament 
(SSL). EAS, external anal sphincter. The bladder and vagina have 
been cut in the midline, with the rectum left intact. Note how the 
endopelvic fascial “pillars” hold the vaginal wall dorsally, preventing 
its downward protrusion. (© 1999 DeLancey; with permission.)

Figure 53-18 Posterior prolapse due to separation of the perineal 
body. Note the end of the hymenal ring that lies laterally on the 
side of the vagina, no longer united with its companion on the 
other side. (© DeLancey; with permission.)

Table 53-1 International Standardized Terminology: Divisions of the Levator Ani Muscles

Nomina Terminologica Origin Insertion

Pubovisceral muscle (pubococcygeus)
 Puboperinealis (PPM) Pubis Perineal body
 Pubovaginalis (PVM) Pubis Vaginal wall at the level of the mid-urethra
 Puboanalis (PAM) Pubis Intersphincteric groove between internal and external 

anal sphincter to end in the anal skin
Puborectalis (PRM) Pubis Forms sling behind the rectum
Iliococcygeus (ICM) Tendinous arch of the leavtor ani The two sides fuse in the iliococcygeal raphe

Ch053-X2339.indd   550 1/31/2008   2:41:24 PM



 Chapter 53 FUNCTIONAL ANATOMY AND PATHOPHYSIOLOGY OF PELVIC ORGAN PROLAPSE 551

eventually fails, resulting in prolapse. The support of the vagina 
has been likened to a ship in its berth, fl oating on the water and 
attached by ropes on either side to a dock.21 The ship is analogous 
to the vagina, the ropes to the ligaments, and the water to the 
supportive layer formed by the pelvic muscles. The ropes’ func-
tion to hold the ship (pelvic organs) in the center of its berth as 
it rests on the water (pelvic muscles). However, if the water level 
were to fall far enough that the ropes would be required to hold 
the entire weight of the ship, the ropes would all break.

Once the pelvic musculature becomes damaged and no longer 
holds the organs in place, the ligaments are subjected to excessive 
forces. These forces may be enough to cause ligament failure 
over the course of time. A woman who sustains an injury to her 
pelvic fl oor muscles when she is young must depend to a greater 
extent on strength of her ligaments to prevent pelvic organ pro-
lapse over the subsequent years of her life. An woman with 
injured muscles may have strong connective tissue that compen-
sates and therefore may never develop prolapse, whereas another 
woman, who has the same degree of muscular damage but was 
born with weaker connective tissue, may experience prolapse as 
she ages.

In addition, the interaction between the pelvic fl oor muscles 
and the endopelvic fascia is responsible for maintaining the fl ap-
valve confi guration in the pelvic fl oor that lessens ligament 
tension because of the supportive nature of the levator plate (see 
Fig. 53-2E). The fl ap-valve requires the dorsal traction of the 
uterosacral ligaments, and to some extent the cardinal ligaments, 
to hold the cervix back in the hollow of the sacrum. It also 
requires the ventral pull of the pubovisceral portions of the 
levator ani muscle to swing the levator plate more horizontally 
to close the urogenital hiatus. It is this interaction between 
the two forces that is so critical in maintaining the normal 
structural relationships that lessen the tension on ligaments and 
muscles.

Nerves

There are two main nerves that supply the pelvic fl oor relative to 
pelvic organ prolapse. One is the pudendal nerve, which supplies 
the urethral and anal sphincters and perineal muscles, and the 
other is the nerve to the levator ani, which innervates the major 
musculature that supports the pelvic fl oor. These are distinct 
nerves with differing origins, courses, and insertions. The nerve 
to the levator originates from S3 to S5 foramina, runs inside the 
pelvis on the cranial surface of the levator ani muscle, and pro-
vides the innervation to all the subdivisions of the muscle.22 The 
pudendal nerve originates from S2 to S4 foramina and runs 
through Alcock’s canal, which is caudal to the levator ani muscles. 
The pudendal nerve has three branches—the clitoral, perineal, 
and inferior hemorrhoidal—which innervate the clitoris, the 
perineal musculature and inner perineal skin, and the external 
anal sphincter, respectively.22

PATHOPHYSIOLOGY

The previous section described how different structures work 
together to provide pelvic organ support; this section explores 
the current scientifi c literature regarding possible causes of struc-
tural failure leading to prolapse. The discussion has been divided 
based on the components that are thought to be important 
in pelvic support: connective tissue supports and vaginal wall, 
levator ani muscles, and nerves. At the end of each component 
section, we discuss the challenges and questions that confront 
future research. In addition to the three components, we also 
briefl y discuss the pathophysiologic effects of vaginal delivery, 
because of its special importance in the natural history of pro-
lapse. Finally, we have devoted a section to biomechanical 
research on prolapse, an area of increasing clinical and research 
interest.

A B
Figure 53-19 A, Schematic view of the levator ani muscles from below after the vulvar structures and perineal membrane have been 
removed, showing the arcus tendinius levator ani (ATLA); external anal sphincter (EAS); puboanal muscle (PAM); perinal body (PB) uniting 
the two ends of the puboperineal muscle (PPM); iliococcygeal muscle (ICM); and puborectal muscle (PRM). Note that the urethra and 
vagina have been transected just above the hymenal ring. B, The levator ani muscle seen from above, looking over the sacral promontory 
(SAC), showing the pubovaginal muscle (PVM). The urethra, vagina, and rectum have been transected just above the pelvic fl oor. (The 
internal obturator muscles have been removed to clarify levator muscle origins.) (© 2003 DeLancey; with permission.)

Ch053-X2339.indd   551 1/31/2008   2:41:25 PM



552 Section 7 FEMALE ORGAN PROLAPSE

Connective Tissue Supports and Vaginal Wall

The adventitial layer of the vagina, referred to as the endopelvic 
fascia, is composed of collagen and elastin that separates the 
muscular wall of the vagina and the paravaginal tissues. Investi-
gators have studied the biology of pelvic connective tissue. Its 
structural support comes from its composition, which includes 
collagen and elastin arranged in different fi ber orientations and 
embedded in a dynamic ground substance. Much of the disten-
sibility of collagen and connective tissues comes from rearrange-
ment of the fi bers. A collagen fi ber by itself is relatively inelastic, 
able to stretch only 4% longitudinally, whereas an elastin fi ber 
can stretch up to 70%.23 Therefore, if the fi bers were arranged 
longitudinally, the tissue would not be able to stretch much 
before rupture. Instead, collagen and elastin fi bers are arranged 
in different directions, so that, when placed under strain, they 
can stretch much more before being subject to rupture. An 
analogy can be made in comparing a cotton ball to a cotton dress 
shirt. When you pull on a cotton ball, there is a great deal of 
stretch that occurs until all the individual fi bers become aligned 
in the same direction. After fi ber alignment occurs, there is little 
stretch before rupture as the mechanical properties of the indi-
vidual fi ber come into play. In a cotton dress shirt, the individual 
fi bers are already in alignment, and not much stretch can occur 
before rupture.

Several studies have explored whether differences in the 
vaginal tissues of women with prolapse and normal support 
explain the pathophysiology of prolapse. Researchers have 
focused on collagen, elastin, smooth muscle, and hormone recep-
tors as the major factors in vaginal support.

Collagen
Collagen provides much of the tensile strength for the endopelvic 
fascia and vaginal epithelium. Over the years, collagen studies 
have yielded varying, and at times confl icting, results. Women 
with prolapse had just as much if not greater rates of collagen 
synthesis than women without prolapse in earlier histochemical 
studies using fi broblast cultures.24 In contrast, Jackson and col-
leagues found that women with prolapse had a 25% reduction in 
total collagen compared to controls.25 Types I and III are the most 
common collagen fi bers in vaginal tissues. Type I fi bers are the 
more abundant, and type III contributes more of the elastic prop-
erties of the tissue.26 Liapis and associates found a modest reduc-
tion in collagen type III in women with prolapse and a more 
signifi cant decrease in women with stress incontinence, suggest-
ing that an altered ratio could lead to pelvic fl oor dysfunction.26 
However, other researchers found no difference in the collagen 
ratios.25

Recently, attention has turned toward collagen metabolism 
and turnover as markers of prolapse. There does seem to be 
consistent evidence that collagen metabolism is signifi cantly 
altered in the pelvic tissues of women with prolapse. Collagen 
fi bers are stabilized by intermolecular covalent cross-links. The 
formation of cross-links and glycation lead to maturation and 
inhibit turnover. Degradation depends on the activity of protein-
ases secreted from connective tissue cells.25 Whereas women with 
prolapse have collagen with more cross-links and other signs of 
maturation, they also have increased synthesis of new collagen, 
which is degraded in preference to older material because it has 
fewer cross-links.25 Chen and cowrkers found increased expres-
sion of matrix metalloproteinase messenger RNA, which is 

responsible for collagen breakdown, and decreased expression of 
inhibitors of metalloproteinases in women with stress inconti-
nence and prolapse.27

Elastin
Elastin provides much of the elastic properties of the pelvic con-
nective tissue.23 Compared with collagen, fewer studies have 
examined the role of elastin in the development of prolapse. 
Jackson and colleagues did not fi nd a difference in elastin content 
between premenopausal women with prolapse and controls.25 
Chen and coworkers examined elastolytic activity in women with 
both stress incontinence and prolapse compared with controls. 
They found little difference in elastolyic activity but a decrease in 
α1-antitrypsin, an inhibitor of elastin turnover, in women with 
prolapse, suggesting that there may be higher elastin turnover in 
prolapse.28

Smooth Muscle
Smooth muscle is another important aspect of the endopelvic 
fascia, because it is a major component of the vaginal wall. 
Smooth muscle analysis of anterior vaginal wall sections from the 
urethrovesical junction of fresh cadavers showed quantifi able 
variations in thickness and densities.29 Morphometric analysis of 
the anterior and posterior vaginal walls showed decreased frac-
tion of smooth muscle in the muscularis of women with pelvic 
organ prolapse compared with controls.30,31 Other markers 
suggest that women with prolapse have less smooth muscle con-
tractility and force maintenance.32

Hormone Receptors
It has long been assumed that pelvic fl oor dysfunction is related 
to changes in menopause and is infl uenced by hormones. Un-
tangling loss of hormonal action from age-related changes is 
extremely diffi cult. In blinded, randomized, placebo-controlled 
studies, two selective estrogen receptor modulators (SERMs), 
idoxifene and levormeloxifene, were thought to be associated 
with an increased incidence of pelvic organ prolapse in post-
menopausal women participating in clinical trials of osteoporo-
sis.33 In contrast, neither amoxifen nor toremifene, two clinically 
available SERMs, was associated with pelvic fl oor relaxation.34,35 
More recently, there has been evidence that raloxifene reduces 
the likelihood or need for prolapse surgery by 50%.36 Paradoxi-
cally, Vardy and coauthors suggested that there was an increase 
in prolapse in women receiving raloxifene and tamoxifen, but the 
status of support in the population was not given, and most 
changes were small (1 cm), with only one individual having a 
change in prolapse stage.37 This fi nding might be a result of minor 
differences in vaginal pliability and might not refl ect structural 
changes, such as connective tissue rupture and muscle damage, 
that go with actual prolapse.

Several studies have looked at the presence or absence of 
hormone receptors in tissues that are involved in pelvic organ 
support.38,39 Other studies have examined the effects of estrogen 
on biologic markers such as collagen.40-42 Estrogen receptors are 
present throughout the body, and yet there are important differ-
ential effects. For example, endometrium is highly sensitive to 
fl uctuations in estrogen, but skin is much less responsive. Any 
supposition that hormones play a major role in pelvic organ 
prolapse must be based on human studies that actually prove 
differences in prolapse occurring in those with and without 

Ch053-X2339.indd   552 1/31/2008   2:41:26 PM



 Chapter 53 FUNCTIONAL ANATOMY AND PATHOPHYSIOLOGY OF PELVIC ORGAN PROLAPSE 553

hormonal supplementation or administration of hormonal 
antagonists.

Challenges
There has been a signifi cant body of basic science research regard-
ing the components of the vaginal wall (vaginal tube). However, 
relatively little has been done to investigate the connections of 
the vagina to the pelvic walls (e.g., endopelvic fascia). Most of the 
studies reviewed used either partial- or full-thickness vaginal 
biopsies. It is diffi cult to make any assumptions about the endo-
pelvic fascia, because it is not included in samples of the vaginal 
wall (see Fig. 53-13). Therefore, the question of whether it is the 
connection between the vagina to the pelvic sidewall that fails, as 
suggested by Richardson,10 or whether it is the vaginal wall itself 
that is involved in prolapse remains scientifi cally unresolved. 
Also, although some of the differences found in women with 
prolapse suggest that biochemical changes in the connective 
tissue may play an important role in prolapse, these studies were 
unable to explain the sequence of prolapse progression. In other 
words, we are left to wonder whether the alterations in connec-
tive tissue led to the prolapse or were a response to the mechani-
cal effects of prolapse.

Levator Ani

MRI has been established as a technique for examination of the 
levator ani muscle.43,44 Using MRI, visible levator ani defects are 
beginning to be linked to the development of prolapse. Up to 
20% of primiparous women have a visible defect in the levator 
ani muscle, probably as a result of birth injury.45 Also, computer-
generated birth models using MRI have found that the medial 
puboviseral muscle is at greatest risk for stretch-induced injury.46 
A few investigations have found that the levator ani mucles of 
women with prolapse have different morphologic characteristics 
than those of controls.47-49 The changes in morphoglogy are 
beginning to be quantifi ed. Investigators have found that women 
with prolapse have smaller overall levator volume,47,48 larger 
levator symphysis gap, and wider levator hiatus.49 Aside from 
these MRI fi ndings, histologic evidence of muscle damage has 
been found as well50 and is associated with operative failure.51

Challenges
Quantifi cation of levator ani differences or defects in prolapse 
have so far been limited to measurements of volume or thick-
ness.47,48,52 The maximal force that a muscle generates depends on 
the cross-sectional area of the muscle perpendicular to its fi ber 
direction.53 Measurement of this force is challenging because of 
the complex shape of the levator ani muscles, with different sec-
tions having differing fi ber directions. Continued advances in 
imaging may make it possible to relate levator ani appearance to 
function.

Nerves

A unifying neurogenic hypothesis has been well established as a 
contributor to pelvic fl oor dysfunction. Although there is a sig-
nifi cant body of literature regarding neurogenic causes of fecal 
incontinence and urinary incontinence, there is comparatively 
little exploring the relation between nerve damage and prolapse. 
Prospective study of perineal descent on defecography and 
pudendal nerve terminal motor latency failed to show any rela-

tionship between pudendal nerve damage and increased degree 
of perineal descent.54 Two studies in which patients with prolapse 
were included did not show a difference in pudendal nerve ter-
minal motor latencies in patients with prolapse.55,56 However, 
electromyographic studies of women with pelvic fl oor dysfunc-
tion, including prolapse and incontinence, found changes con-
sistent with motor unit loss or failure of central activation.57 
More electromyographic and nerve studies are needed to tie neu-
rogenic injury and pelvic organ prolapse.

Vaginal Birth

Although it is clear that incontinence and prolapse increase with 
age,1 there is no time during a woman’s life when these structures 
are more vulnerable than during childbirth. Vaginal delivery 
confers a fourfold to 11-fold higher risk of prolapse that increases 
with parity.58 Increased descent of vaginal wall points after vaginal 
delivery has been found in studies using a combined method of 
clinical examination and functional cine-MRI.59 Two studies sug-
gested that pregnancy alone may be a risk factor for worsening 
prolapse; however, both of these studies used defi nitions of pro-
lapse that many would consider clinically normal.60,61

Biomechanics

Biologic specimens exhibit a mixture of elastic, viscous, and 
plastic properties. Elasticity is the ability of a tissue to return to 
its original shape after loading. Viscosity refers to the elongation 
of the tissue over time. Plasticity is the residual deformation that 
remains after loading is complete. There is a paucity of biome-
chanical studies of pelvic organ supports. Previous biomechani-
cal research was performed using constant elongation to induce 
failure or rupture.62-64 This does not provide accurate informa-
tion about the physiologic function of the tissue, because it does 
not account for the viscoelastic and plastic properties of connec-
tive tissues. Ettema and colleagues proposed a more accurate way 
of measuring the elastic properties of vaginal tissue, using a slow-
rate, linear elongation method.65 This method is able to discrimi-
nate small changes in a tissue’s elastic properties at lower stress 
levels and therefore is functionally more meaningful. Using this 
method, Goh and coworkers compared the biomechanical prop-
erties of premenopausal and postmenopausal women with pro-
lapse and found little difference between the groups.66

CONCLUSION

Understanding the functional anatomy of prolapse lays the 
necessary groundwork for understanding the mechanisms of 
pelvic organ prolapse. When the components of pelvic support 
and how they relate to each other have been identifi ed, we will 
be able to understand how disruptions result in failure. Com-
pared to stress incontinence, prolapse has received relatively little 
scientifi c attention. Although basic science research concerning 
the vaginal connective tissue and levator ani muscles has been 
performed, little has been done on other vital structures, such as 
the endopelvic fascia. In addition, investigations into the bio-
mechanical processes of prolapse are lacking. Although this 
chapter provides an overview of existing knowledge on pelvic 
organ prolapse, it also looks ahead to the many unanswered sci-
entifi c questions.
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Chapter 54

PELVIC ORGAN PROLAPSE: CLINICAL 
DIAGNOSIS AND PRESENTATION
Chi Chiung Grace Chen and Mark D. Walters

Pelvic organ prolapse (POP) is a heterogeneous condition in 
which weaknesses of the pelvic fl oor musculature and connective 
tissue result in herniation of pelvic organs into the vaginal lumen. 
In more severe cases, this herniation can protrude through the 
vaginal introitus and beyond the hymenal ring. Organs that may 
potentially herniate into the vaginal canal include the bladder 
with or without involvement of the urethra, resulting in cysto-
urethroceles and cystoceles, respectively. Patients may have 
uterine prolapse, or, after hysterectomy, the vaginal cuff may 
herniate resulting in apical vaginal prolapse. The rectum, small 
bowel, and sigmoid colon may also herniate, resulting in recto-
celes, enteroceles, and sigmoidoceles, respectively. This chapter 
focuses on the defi nition, diagnosis, and classifi cation of POP.

DEFINITION AND EPIDEMIOLOGY

It is estimated that more than 300,000 surgeries are performed 
to correct POP annually, at a cost of greater than $1 billion.1 
Furthermore, the number of patients seeking care for these dis-
orders is expected to increase by 45% in the future.2 Despite this 
high prevalence, POP is a poorly understood condition, and 
many of the accepted defi nitions are based on expert opinion and 
consensus rather than epidemiologic or clinical data. The Ameri-
can College of Obstetrics and Gynecology (ACOG) defi nes POP 
as the protrusion of pelvic organs into the vaginal canal.3 More 
specifi cally, in a terminology workshop convened by the National 
Institutes of Health (NIH) for researchers in female pelvic fl oor 
disorders, POP was defi ned as the descent of vaginal segments to 
within 1 cm of the hymen or lower.4 POP encompasses anterior 
and posterior vaginal prolapse as well as apical or uterine pro-
lapse. Terms such as “cystocele” and “rectocele” are intentionally 
not used because they imply an unrealistic certainty as to the 
specifi c organs behind the vaginal wall at the time of physical 
examination.

It is important to note that, although most clinicians can rec-
ognize the extremes of normal support versus severe prolapse, 
most cannot objectively state at what point vaginal laxity becomes 
pathologic and requires intervention. There are limited data con-
cerning the normal distribution of POP in the population and 
the correlations between symptoms and physical fi ndings. In a 
study of 497 women, Swift demonstrated that the distribution of 
prolapse in a population exhibited a bell-shaped curve, with most 
women having stage I or II prolapse by the Pelvic Organ Prolapse 
Quantifi cation (POPQ) classifi cation system (discussed later) 
and only 3% having stage III prolapse.5 This signifi es that, at 
baseline, most women have some degree of pelvic relaxation. 
However, these women are typically asymptomatic and develop 
symptoms only as their prolapse increases in severity.6 Therefore, 

even if POP is found on physical examination by the defi nition 
given, it may not be clinically relevant and may not require inter-
vention if the patient is asymptomatic.

HISTORY

Although it has been shown previously that patients’ histories 
cannot be used alone to differentiate or diagnose different types 
of urinary incontinence,7,8  less is known about the reliability of 
patients’ symptoms for diagnosing POP. Patients with POP may 
present with a plethora of symptoms relating to voiding, defeca-
tory, and sexual dysfunction as well as symptoms directly associ-
ated with the prolapse, such as vaginal pressure and discomfort. 
Despite the few studies specifi cally addressing the association 
between reported symptoms and POP, the consensus in the lit-
erature seems to be that the severity of the prolapse is not neces-
sarily associated with increased visceral symptomatology.

Vaginal prolapse in any compartment—anterior, apical, or 
posterior—can manifest as vaginal fullness, pain, and/or pro-
truding mass. In a recent study by Tan and associates, the feeling 
of “a bulge or that something is falling outside the vagina” had a 
positive predictive value of 81% for POP, and the lack of this 
symptom had a negative predictive value of 76%.9 Not surpris-
ingly, increased degree of prolapse, especially beyond the hymen, 
is associated with increased pelvic discomfort and visualization 
of a protrusion.10

Stress urinary incontinence and voiding diffi culties can occur 
in association with anterior and apical vaginal prolapse. However, 
women with advanced degrees of prolapse may not have overt 
symptoms of stress incontinence, because the prolapse may cause 
a mechanical obstruction of the urethra, leading to a higher ure-
thral closure pressure and thereby preventing urinary leakage.11 
Instead, these women may require vaginal pressure or manual 
replacement of the prolapse in order to accomplish voiding. They 
are therefore at risk for incomplete bladder emptying and recur-
rent or persistent urinary tract infections, and for the develop-
ment of de novo stress incontinence after the prolapse is repaired. 
Patients who require digital assistance to void in general have 
more advanced degrees of prolapse.12

In addition to diffi culty voiding, other urinary symptoms 
such as urgency, frequency, and urge incontinence, are found in 
women with POP.13 However, it is not clear whether the severity 
of prolapse is associated with more irritative voiding symptoms 
or bladder pain.10,12

POP, especially in the apical and posterior compartments, can 
be associated with defecatory dysfunction, such as pain with def-
ecation, the need for manual assistance with defecation, and 
anal incontinence of fl atus, liquid or solid stool. These patients 
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often have outlet-type constipation secondary to the trapping of 
stool within the rectal hernia, necessitating splinting or applica-
tion of manual pressure in the vagina, rectum, or perineum to 
reduce the hernia and aid in defecation. Although defecatory 
dysfunction remains the area that is least understood in patients 
with POP, clinical and radiographic studies have shown that the 
severity of prolapse is not strongly correlated with increased 
symptomatology.9,10,12,14

Although women with isolated posterior prolapse (e.g., recto-
cele, enterocele, perineal body defect) may also have the sensa-
tion of vaginal bulge and pressure, these women are often 
asymptomatic and the prolapse is recognized only on physical 
examination. Once a posterior vaginal defect is identifi ed, ques-
tions regarding defecatory dysfunction must be elicited.

Although the relationship between sexual function and POP 
is not clearly defi ned, questions regarding sexual dysfunction 
must be included in the evaluation of any patient with POP. 
Patients may report symptoms of dyspareunia, decreased libido 
and orgasm, and increased embarrassment with altered anatomy 
that affects body image. Some studies have reported that prolapse 
adversely affects sexual functioning, with subsequent improve-
ment in sexual function after repair of prolapse.15-17 However, 
other studies have shown little correlation between the extent of 
prolapse and sexual dysfunction.12 It is important to note that the 
evaluation of sexual function may be especially diffi cult in this 
patient population because the hindrances to sexual function 
may include factors other than POP, such as partner limitations 
and functional defi cits.

PHYSICAL EXAMINATION

The physical examination for POP should be conducted with the 
patient in dorsal lithotomy position, as for a routine pelvic exam-
ination. If physical fi ndings do not correspond to symptoms, or 
if the maximum extent of the prolapse cannot be confi rmed, the 
woman can be reexamined in the standing position.

Initially, the external genitalia are inspected; if no displace-
ment is apparent, the labia are gently spread to expose the vesti-
bule and hymen. The integrity of the perineal body is evaluated, 
and the extent of all prolapsed parts is assessed. A retractor, a 
Sims speculum, or the posterior blade of a bivalve speculum may 
be used to depress the posterior vagina to aid in visualizing the 
anterior vagina, and vice versa for the posterior vagina. Because 
most patients with POP are postmenopausal, the vaginal mucosa 
should be examined for atrophy and thinning, which may affect 
management. Healthy, estrogenized tissue without signifi cant 
evidence of prolapse, is well perfused and exhibits rugations and 
physiologic moisture. Atrophic vaginal tissue appears pale and 
thin, is without rugation, and can be friable.

After the resting vaginal examination, the patient is instructed 
to perform a Valsalva maneuver or to cough vigorously. During 
this maneuver, the order of descent of the pelvic organs is noted, 
as is the relationship of the pelvic organs at the peak of increased 
intra-abdominal pressure. A rectovaginal examination is also 
required to fully evaluate prolapse of the posterior vaginal wall 
and perineal body. Digital assessment of the contents of the rec-
tovaginal septum during straining examination can differentiate 
between a “traction” enterocele (in which the posterior cul-de-
sac is pulled down by the prolapsing cervix or vaginal cuff but is 
not distended by intestines) and a “pulsion” enterocele (in which 
the intestinal contents of the enterocele distend the rectovaginal 

septum and produce a protruding mass). Other clinical observa-
tions and tests to help delineate POP include cotton swab (Q-tip) 
testing for the measurement of urethral axis mobility; measure-
ment of perineal descent; measurement of the transverse diame-
ter of the genital hiatus or of the protruding prolapse; measurement 
of vaginal volume; description and measurement of posterior 
prolapse; and examination techniques differentiating among 
various types of defects (e.g., central versus paravaginal defects 
of the anterior vaginal wall). Inspection should also be made of 
the anal sphincter because fecal incontinence is often associated 
with posterior vaginal support defects. Grossly, women with a 
torn external sphincter may have scarring or a “dovetail” sign on 
the perineal body.

Anterior vaginal wall descent usually represents bladder 
descent with or without concomitant urethral hypermobility. 
However, in 1.6% of women with anterior vaginal prolapse, an 
anterior enterocele can mimic a cystocele on physical examina-
tion.18 Furthermore, lateral paravaginal defects, identifi ed as 
detachment of the lateral vaginal sulci, may be distinguished 
from central defects, seen as a midline protrusion with preserva-
tion of the lateral sulci. This is done with the use of a curved 
forceps placed in the anterolateral vaginal sulcus and directed 
toward the ischial spine. Bulging of the anterior vaginal wall in 
the midline between the forcep blades implies a midline defect; 
blunting or descent of the vaginal fornices on either side with 
straining suggests lateral paravaginal defects. However, research-
ers have shown that the physical examination technique used to 
detect paravaginal defects is not particularly reliable or accurate. 
In a study by Barber and colleagues of 117 women with prolapse, 
the sensitivity of clinical examination to detect paravaginal defects 
was good (92%), yet the specifi city was poor (52%).19 Despite a 
high prevalence of paravaginal defects, the positive predictive 
value was only 61%. Fewer than two thirds of the women believed 
to have a paravaginal defect on physical examination were con-
fi rmed to possess the same at surgery. Another study by White-
side and associates, demonstrated poor reproducibility of clinical 
examination to detect anterior vaginal wall defects.20 Therefore, 
the clinical value of determining the location of midline, apical, 
and lateral paravaginal defects remains unknown.

In regard to posterior defects, it has previously been demon-
strated that preoperative clinical examinations do not always 
accurately differentiate between rectoceles and enteroceles.21,22 
Some investigators have advocated performing imaging studies 
to further delineate the exact nature of the posterior wall pro-
lapse. Traditionally, most clinicians believe they are able to detect 
the presence or absence of these defects without anatomically 
localizing them. However, little is known regarding the accuracy 
or utility of clinical examinations in evaluating the anatomic 
locations of posterior vaginal defects. Burrows and colleagues 
found that clinical examinations often did not accurately predict 
the specifi c location of defects in the rectovaginal septum subse-
quently found intraoperatively.23 Clinical fi ndings corresponded 
with intraoperative observations in 59% of patients and differed 
in 41%; sensitivities and positive predicative values of clinical 
examinations were less than 40% for all posterior defects. 
However, what remains unclear is the clinical consequence of not 
detecting these defects preoperatively.

Clinical evaluation for POP also should include a lumbosacral 
neurologic evaluation consisting of strength, sensory, and refl ex 
examinations. First, the strength of the pelvic fl oor musculature 
is assessed by palpating the levator ani muscle complex in the 
posterior vaginal wall approximately 2 to 4 cm cephalad to the 
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hymen. The patient is then asked to squeeze around the exam-
iner’s fi ngers. Weakness in this muscle can be a result of neuro-
logic defi cits or direct trauma during childbirth. Internal and 
external anal sphincter tone is assessed by placing a fi nger in the 
rectum and noting the initial resistance to entry and then the 
resistance after the patient maximally squeezes her anal sphinc-
ter. Sensory function is assessed with the use of pinprick and 
light-touch of the mons pubis, perineum/perianal area, and labia 
majora. Cystometry and anal manometry can be used to evaluate 
the visceral sensation of the bladder and rectum, respectively. 
Lastly, anal and bulbocavernosus refl exes can be elicited by lightly 
stroking the perianal skin and observing or palpating the contrac-
tion of the anal sphincter, and by lightly tapping the clitoris and 
observing the contraction of the bulbocavernosus muscle and/or 
anal sphincter.

CLASSIFICATION OF PELVIC ORGAN PROLAPSE

Presently, there are two widely accepted classifi cation systems for 
assessing the severity of POP: the Baden-Walker “half-way” 
vaginal profi le and the POPQ, which was established by the Inter-
national Continence Society (ICS) in 1996.24  The purpose of any 
classifi cation system is to facilitate understanding of the etiology 
and pathophysiology of disease, to establish and standardize 
treatment and research guidelines, and to aid precision and avoid 
confusion among practitioners.

For many years, POP has been described using criteria modi-
fi ed from the Baden-Walker “half-way” vaginal profi le.25-27 This 
grading system is simple to use; it is widely understood among 
gynecologic surgeons and has been found to have reasonable 
inter-examiner reliability for all segments of the vagina and for 
uterine support.28 The most dependent position of the pelvic 
organs during maximum straining or standing is used and graded 
as normal or fi rst-, second-, or third-degree prolapse. First-degree 
prolapse refers to vaginal segments that descend halfway (but 
not to) the hymen; second-degree is descent to the hymen; 
and third-degree is prolapse beyond the hymen. A rectovaginal 
examination can also be used to better delineate the severity of 
rectoceles. This classifi cation system, although popular, is slowly 
being replaced by the more precise and standardized POPQ 
system.

In the POPQ system, the pelvic organ anatomy is described 
during physical examination of the external genitalia and vaginal 
canal.24 Segments of the lower reproductive tract replace the 
terms cystocele, enterocele, rectocele, and urethrovesical junc-
tion, because these terms imply an unrealistic certainty as to the 
structures on the other side of the vaginal bulge, particularly in 
women who have had previous prolapse surgery. The examiner 
sees and describes the maximum protrusion noted by the patient 
during her daily activities. The details of the examination, includ-
ing criteria for the end point of the examination and full develop-
ment of the prolapse, should be specifi ed. Suggested criteria for 
demonstration of maximum prolapse include any or all of the 
following: any protrusion of the vaginal wall that has become 
tight during straining by the patient; traction on the prolapse 
causes no further descent; the subject confi rms that the size of 
the prolapse and the extent of the protrusion seen by the exam-
iner are as extensive as the most severe protrusion she has had (a 
small hand-held mirror to visualize the protrusion may be 
helpful); and a standing/straining examination confi rms that the 
full extent of the prolapse was observed in the other positions. 

Details about patient position, types of vaginal specula or retrac-
tors, type and intensity of straining used to develop the prolapse 
maximally, and fullness of the bladder should be stated.

This descriptive system contains a series of site-specifi c mea-
surements of the woman’s pelvic organ support. It can be easily 
learned and taught by means of a video tutorial.29 Prolapse in 
each segment is evaluated and measured relative to the hymen 
(not introitus), which is a fi xed anatomic landmark that can be 
identifi ed consistently and precisely. The anatomic position of 
the six defi ned points for measurement should be in centimeters 
above or proximal to the hymen (negative number) or centime-
ters below or distal to the hymen (positive number), with the 
plane of the hymen being defi ned as zero. For example, a cervix 
that protrudes 3 cm distal to (beyond) the hymen should be 
described as +3 cm.

Six points (two on the anterior vaginal wall, two in the supe-
rior vagina, and two on the posterior vaginal wall) are located 
with reference to the plane of the hymen (Fig. 54-1). In describ-
ing the anterior vaginal wall, the term anterior vaginal wall pro-
lapse is preferable to cystocele or anterior enterocele unless the 
organs involved are identifi ed by ancillary tests. There are two 
anterior sites:

Point Aa: A point located in the midline of the anterior vaginal 
wall 3 cm proximal to the external urethral meatus, corre-
sponding to the proximal location of the urethrovesical 
crease. By defi nition, the range of position of point Aa rela-
tive to the hymen is −3 to +3 cm.

Point Ba: A point that represents the most distal (i.e., most 
dependent) position of any part of the upper anterior 
vaginal wall from the vaginal cuff or anterior vaginal fornix 
to point Aa. By defi nition, point Ba is at −3 cm in the 
absence of prolapse and would have a positive value equal 
to the position of the cuff in women with total posthyster-
ectomy vaginal eversion.

Figure 54-1 Six sites (points Aa, Ba, C, D, Bp, and Ap), genital 
hiatus (gh), perineal body (pb), and total vaginal length (tvl) are 
used for pelvic organ support quantitation. (From Bump RC, 
Mattiasson A, Bø K, et al: The standardization of terminology of 
female pelvic organ prolapse and pelvic fl oor dysfunction. Am J 
Obstet Gynecol 175:10, 1996.)
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Two points are on the superior vagina. These points represent 
the most proximal locations of the normally positioned lower 
reproductive tract.

Point C: A point that represents either the most distal (i.e., 
most dependent) edge of the cervix or the leading edge 
of the vaginal cuff (hysterectomy scar) after total 
hysterectomy.

Point D: A point that represents a location of the posterior 
fornix in a woman who still has a cervix. It represents the 
level of uterosacral ligament attachment to the proximal 
posterior cervix. It is included as a point of measurement 
to differentiate suspensory failure of the uterosacral—
cardinal ligament complex from cervical elongation. Point 
D is omitted in the absence of the cervix.

Two points are located on the posterior vaginal wall. Analo-
gous to anterior prolapse, posterior prolapse should be discussed 
in terms of segments of the vaginal wall rather than the organs 
that lie behind it. Thus, the term posterior vaginal wall prolapse is 
preferable to rectocele or enterocele unless the organs involved are 
identifi ed by ancillary tests. If small bowel appears to be present 
in the rectovaginal space, the examiner should comment on this 
fact and clearly describe the basis for this clinical impression (e.g., 
by observation of peristaltic activity in the distended posterior 
vagina or palpation of loops of small bowel between an examin-
ing fi nger in the rectum and one in the vagina).

Point Ap: A point located in the midline of the posterior 
vaginal wall 3 cm proximal to the hymen. By defi nition, the 
range of position of point Ap relative to the hymen is −3 to 
+3 cm.

Point Bp: A point that represents the most distal (i.e., most 
dependent) position of any part or the upper posterior 
vaginal wall from the vaginal cuff or posterior vaginal fornix 
to point Ap. By defi nition, point Bp is at −3 cm in the 
absence of prolapse and would have a positive value equal 
to the position of the cuff in a woman with total posthys-
terectomy vaginal eversion.

Other landmarks include the genital hiatus, which is measured 
from the middle of the external urethral meatus to the posterior 
midline hymen. The perineal body is measured from the 
posterior margin of the genital hiatus to the midanal opening. 
The total vaginal length is the greatest depth of the vagina 
in centimeters when point C or D is reduced to its full normal 
position. The points and measurements are presented in 
Figure 54-1.

The positions of points Aa, Ba, Ap, Bp, C, and (if applicable) 
D with reference to the hymen are measured and recorded. Posi-
tions are expressed as centimeters proximal to (above) the hymen 
(negative number) or centimeters distal to (below) the hymen 
(positive number), with the plane of the hymen defi ned as zero. 
Measurements may be recorded as a simple line of numbers (e.g., 
−3, −3, −7, −9, −3, −3, 9, 2, and 2 for points Aa, Ba, C, D, Bp, Ap, 
total vaginal length, genital hiatus, and perineal body, respec-
tively). Alternatively, a 3 × 3 grid can be used to concisely orga-
nize the measurements, as shown in Figure 54-2, or a line diagram 
of a confi guration can be drawn, as shown in Figures 54-3 and 
54-4. Figure 54-3 is a grid and line diagram contrasting measure-
ments that indicate normal support with those of complete 
posthysterectomy vaginal eversion. Figure 54-4 is a grid and line 
diagram representing predominant anterior and posterior vaginal 
wall prolapse with partial apical descent.

The profi le for quantifying prolapse provides a precise descrip-
tion of anatomy for individual patients. An ordinal staging system 
of pelvic organ prolapse is suggested using these measurements 
and can be useful for the description of populations and for 
research comparisons. Stages are assigned according to the most 
severe portion of the prolapse when the full extent of the protru-
sion has been demonstrated. For a stage to be assigned to an 
individual subject, it is essential that her quantitative description 
be completed fi rst. The fi ve stages of pelvic organ support (0 
through IV) are described in Table 54-1. Because precise charac-
terization of pelvic fl oor muscle strength and description of func-
tional symptoms are of vital importance, the reader is referred to 
the ICS committee document for further details.24

Studies have demonstrated excellent interexaminer and 
intraexaminer reliability for the POPQ system in quantifying 
POP.28,30 Steele and associates showed that the system can be 
taught effectively to residents and medical students using a 17-
minute video.29 Furthermore, the measurements can be obtained 
quickly by both experienced and nonexperienced clinicians (2.1 
and 3.7 minutes, respectively).30 The POPQ system does not take 
into account lateral defects and perineal body prolapse, but these 
can be added in descriptive terms. Despite its limitations, the 
POPQ system is currently the classifi cation system used in most 
research studies and NIH trials, and it is gaining popularity in 
clinic practice.

DIAGNOSTIC TESTS

After a careful history and physical examination, few diagnostic 
tests are needed to further evaluate patients with POP if there is 
no concomitant voiding or defecatory dysfunction. For example, 
hydronephrosis does occur in a small proportion of women with 
prolapse, but even if it is identifi ed, it usually does not change 
management in the women for whom surgical repair is planned. 

Figure 54-2 Three-by-three grid for recording quantitative 
description of pelvic organ support. (From Bump RC, Mattiasson A, 
Bø K, et al: The standardization of terminology of female pelvic 
organ prolapse and pelvic fl oor dysfunction. Am J Obstet Gynecol 
175:10, 1996.)
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Figure 54-3 A, Grid and line diagram of complete eversion of vagina. The most distal point of the anterior wall (point Ba), vaginal cuff scar 
(point C), and the most distal point of the posterior wall (point Bp) are all at same position (+8), and points Aa and Ap are maximally distal 
(both at +3). Because total vaginal length equals maximum protrusion, this is stage IV prolapse. B, Normal support. Points Aa and Ba and 
points Ap and Bp are all −3 because there is no anterior or posterior wall descent. The lowest point of the cervix is 8 cm above the hymen 
(−8), and the posterior fornix is 2 cm above this (−10). The vaginal length is 10 cm, the genital hiatus is 2 cm, and the perineal body 
measures 3 cm. This represents stage 0 prolapse. (From Bump RC, Mattiasson A, Bø K, et al: The standardization of terminology of female 
pelvic organ prolapse and pelvic fl oor dysfunction. Am J Obstet Gynecol 175:10, 1996.)

Table 54-1 Stages of Pelvic Organ Prolapse

Stage Description

0 No prolapse is demonstrated. Points Aa, Ap, Ba, and Bp are all at −3 cm, and either point C or point D is between −TVL 
cm and −(TVL−2) cm; that is, the quantitation value for point C or D is ≤−[TVL−2] cm. In Fig. 54-3, B represents stage 0.

I The criteria for stage 0 are not met, but the most distal portion of the prolapse is >1 cm above the level of the hymen (i.e., 
its quantitation value is <−1 cm).

II The most distal portion of the prolapse is ≤1 cm proximal to or distal to the plane of the hymen 
(i.e., its quantitation value is ≥−1 cm but ≤+1 cm).

III The most distal portion of the prolapse is >1 cm below (distal to) the plane of the hymen but protrudes no further than 
2 cm less than the TVL (i.e., its quantitation value is >+1 cm but <+[TVL−2] cm). In Fig. 54-4, A represents stage III 
anterior and B represents stage III posterior prolapse.

IV Essentially complete eversion of the total length of the lower genital tract is demonstrated. The distal portion of the 
prolapse protrudes to at least (TVL−2) cm (i.e., its quantitation value is ≥+[TVL−2] cm). In most instances, the leading 
edge of stage IV prolapse is the cervix or vaginal cuff scar. In Fig. 54-3, A represents stage IV C prolapse.

TVL, total vaginal length.
From Bump RC, Mattiasson A, Bo K, et al: The standardization of terminology of female pelvic organ prolapse and pelvic fl oor dysfunction. Am J Obstet 
Gynecol 175:10, 1996.

Therefore, routine imaging of the kidneys and ureters is not 
necessary.

Because patients with anterior, apical, or posterior prolapse 
may have voiding dysfunction due to obstruction of the urethra, 
the completeness of bladder emptying should be assessed with 
timed and measured voids followed by either catheterization or 

bladder ultrasound to measure postvoid residual urine volumes. 
Kinking of the urethra may also obscure any indication of urinary 
incontinence that may be present.11,31 Therefore, it is important 
to assess for evidence of incontinence after reduction of the pro-
lapse. This can be done with a pessary, vaginal packing, or ring 
forceps at the time of the offi ce bladder fi lling or urodynamic 
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testing. If urinary leakage occurs with coughing or Valsalva 
maneuvers after reduction of the prolapse, the urethral sphincter 
is probably incompetent, even if the patient is normally conti-
nent. This can occur in up to half of women with stage III or IV 
prolapse. In this situation, the surgeon should choose a sling 
procedure in conjunction with the prolapse repair.32 If sphinc-
teric incompetence is not present even after reduction of the 
prolapse, an anti-incontinence procedure may not be indicated.

As discussed in previous sections, preoperative clinical assess-
ments of specifi c support defects involved in POP often do not 
correspond to subsequent intraoperative fi ndings. Therefore, 
some investigators have advocated using imaging procedures 
such as ultrasonography, contrast radiography, and magnetic 
resonance imaging (MRI) to further describe the exact nature 
of the support defects before attempting surgical repairs. For 
example, some practioners have used contrast ultrasonography 
to evaluate for paravaginal defects by placing a water-fi lled 
condom in the vaginal canal to better delineate the paravaginal 
spaces.33 Others have used MRI to better characterize the soft 
tissue and viscera of the pelvis.34 However, there is a lack of stan-
dardized radiologic criteria for diagnosing POP. Therefore, the 
clinical utility of imaging studies remains unknown, and they are 
currently used mostly for research purposes.

Similar to patients with POP who are without voiding dys-
function, patients with POP who are without symptoms of defe-
catory dysfunction generally do not warrant ancillary bowel 
testing. For example, although defecating proctography can 
provide additional information regarding rectal emptying, studies 
have demonstrated that it is no more sensitive at detecting 
rectoceles than physical examination alone.35 However, patients 

with concomitant defecatory dysfunction or motility disorders 
do merit further evaluation.

In patients with defecatory dysfunction, it is necessary to dif-
ferentiate between those with colonic motility disorders and 
those with pelvic outlet symptoms. Useful ancillary tests include 
anoscopy and proctosigmoidoscopy to evaluate for prolapsing 
hemorrhoids and intrarectal prolapse. Motility disorders can be 
assessed with colonic transit studies, which involve a series of 
radiographs that document the passage of ingested radiopaque 
markers. Depending on the specifi c protocol used, passage of less 
than 80% of the ingested markers could indicate the presence of 
a motility disorder, whereas collection of markers in the sigmoid 
colon could indicate the presence of an outlet obstruction.36 

In patients with apical and posterior vaginal prolapse who also 
complain of diffi cult or incomplete bowel emptying, it is impor-
tant to evaluate for pelvic fl oor dyssynergia. During the physical 
examination, patients with pelvic fl oor dyssynergia often have 
hypercontracted and tender puborectalis muscles that may not 
relax on command. Tests for diagnosing pelvic fl oor dyssynergia 
include electromyography and the balloon expulsion test, which 
demonstrates a paradoxical contraction of the puborectalis 
muscle during defecation. Defecating proctography, which 
involves dynamic and still images of patients at rest, during def-
ecation, and while contracting the anal sphincter, can also be 
used for diagnosis. Defecography has the added advantage of 
providing radiographic evidence of the specifi c organ that is her-
niating into the posterior vaginal wall, and it is the gold standard 
for measuring perineal descent.37

Dynamic MRI defecography can also be used to provide infor-
mation regarding defecation and anatomic soft tissue defects. It 

Figure 54-4 A, Grid and line diagram of predominant anterior support defect. The leading point of prolapse is the upper anterior vaginal 
wall, point Ba (+6). There is signifi cant elongation of the bulging anterior wall. Point Aa is maximally distal (+3), and the vaginal cuff scar is 
2 cm above the hymen (C = −2). The cuff scar has undergone 4 cm of descent, because it would be at −6 (total vaginal length) if it were 
perfectly supported. In this example, total vaginal length is measure not as the maximum depth with the elongated anterior vaginal wall 
maximally reduced but rather as the depth of the vagina at cuff with point C reduced to its normal full extent, as specifi ed in the text. This 
represents stage III anterior prolapse. B, Predominant posterior support defect. The leading point of prolapse is the upper posterior vaginal 
wall, point Bp (+5). Point Ap is 2 cm distal to the hymen (+2), and the vaginal cuff scar is 6 cm above the hymen (−6). The cuff has 
undergone only 2 cm of descent, because it would be at −8 (total vaginal length) if it were perfectly supported. This represents stage III 
posterior prolapse. (From Bump RC, Mattiasson A, Bø K, et al: The standardization of terminology of female pelvic organ prolapse and pelvic 
fl oor dysfunction. Am J Obstet Gynecol 175:10, 1996.)
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has the advantages of being noninvasive and not requiring ion-
izing radiation, and it is unrivaled in its depictions of pelvic soft 
tissue. However, the clinical utility of this costly imaging modal-
ity is debatable, because it has not been shown to alter clinical 
decision-making.38

CONCLUSIONS

POP is a heterogeneous group of conditions that has wide medical 
and social implications for the current aging female population. 
Many fundamental concepts such as epidemiology, natural 

disease progression, and associations with urinary, bowel, and 
sexual dysfunction have yet to be fully established and are con-
sequently areas of active research. In this chapter, we have dis-
cussed the basic evaluation of patients with POP, from pertinent 
history to physical fi ndings, classifi cation systems, and ancillary 
studies. We have also addressed some of the controversies inher-
ent in this emerging fi eld. Because this is an area of active research, 
we did not attempt to provide an all-encompassing view of POP. 
Rather, we have provided a foundation from which the reader 
can extrapolate for patient care as well as for understanding of 
the current literature.
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Chapter 55

IMAGING IN THE DIAGNOSIS OF 
PELVIC ORGAN PROLAPSE
Steven S. Raman and Lousine Boyadzhyan

Pelvic organ prolapse and pelvic fl oor relaxation are two related 
and often coexistent conditions. Prolapse refers to an abnormal 
and noticeable protrusion of bladder, urethra, vagina, or rectum 
through fascial and hiatal defects typically involving the perineum. 
Pelvic fl oor relaxation, which typically accompanies prolapse, 
refers to a weakening of the suspensory fascia, ligaments, and 
muscles of the pelvic sling. Patients typically do not present with 
an isolated organ defect; instead, these often complex disorders 
typically comprise a combination of abnormalities such as a rec-
tocele, an enterocele, or a cystocele. These disorders often occur 
in middle-aged to elderly women. Symptoms may include urinary 
incontinence, pain, pressure, perineal herniation, and bulging. 
On physical examination, fi ndings are often equivocal, because 
the pelvic anatomy may be distorted due to prior pelvic surgery 
or severe abnormalities. Clinicians rely on a combination of 
imaging modalities and functional testing (e.g., urodynamics, 
anorectal manometry) to help describe the anatomic and func-
tional defects.1,2 Currently, both fl uoroscopy and magnetic reso-
nance imaging (MRI) are widely used and complementary 
techniques to evaluate disorders of the bladder, vagina, and 
rectum.3

IMAGING MODALITIES FOR EVALUATION OF 
PELVIC FLOOR DISORDERS

Fluoroscopy

Fluoroscopic evaluation of either voiding or defecation may be 
performed with the patient in the upright position after opacifi -
cation with contrast material (Fig. 55-1). Some believe that the 
upright position most closely resembles the physiologic condi-
tion reproducing symptoms, and it has been used as a natural 
extension of the physical examination.4 Disorders of the posterior 
pelvic compartment, which typically include constipation and 
incomplete defecation, may be studied by instilling a barium 
paste into the rectum and performing a dynamic fl uoroscopic 
evacuation proctogram or defecogram. Similarly, the bladder 
may be instilled with a water-soluble iodinated contrast agent 
during dynamic evaluation of fi lling and voiding by the tradi-
tional voiding cystourethrogram (VCUG). Also, the vagina may 
be similarly studied by dynamic vaginography.5 With the “four-
contrast” defecogram (in which the bowel, rectum, vagina, and 
bladder are opacifi ed), the relationships among these compart-
ments may be studied simultaneously.1

Defecography
Defecography, or evacuation proctography, is a simple radiologic 
technique that is used to image the rectal voiding process of a 
barium-based paste enema. During the examination, the patient 

sits on a special defecography radiolucent commode while fl uo-
roscopic images are recorded in the lateral projection. Although 
exact protocols vary, in general, one obtains views at rest, at 
maximal contraction of the voluntary anal sphincter and pelvic 
fl oor musculature without actual defecation, while coughing, 
while emptying the rectum as completely as possible, and while 
straining maximally after the evacuation is complete (Figs. 55-2 
and 55-3).5 In addition to using barium-based enemas, many 
urogenital imagers also administer an oral barium suspension 
with Gastrografi n 30 to 60 minutes before the examination to 
opacify the bowel and thus facilitate the identifi cation of entero-
celes. One can also use contrast gel injected into the vaginal apex 
and look for rectovaginal separation on the images as an indica-
tion of an enterocele.6 The recording process varies from obtain-
ing spot fi lms to videotaping the entire process during so-called 
dynamic proctography.

The most essential part of the examination is the assessment 
of evacuation rate and completeness.7 Defecography yields both 
morphologic and functional information, because it provides 
imaging of the rectal confi guration throughout all of the phases 
of evacuation and allows assessment of whether the latter process 
is normal or prolonged.6 Such factors of pelvic fl oor function as 
rectal emptying and volume, anal sphincter competency, and 
perineal and pelvic fl oor musculature can be evaluated with this 
technique. It is possible to identify the prolapsed organs, to evalu-
ate the morphology of the bladder neck, and to identify the axis 
of the bladder and the vagina. However, defecography does not 
assess fi ne mucosal abnormalities.6

There is an important caveat that pertains to the interpreta-
tion of defecographic fi ndings by clinicians. Given that there is a 
rather wide overlap between standard defecographic measure-
ments and fi ndings among normal asymptomatic patients and 
those with signifi cant symptomatology, radiographic fi ndings 
obtained during defecography are not to be used as reliable diag-
nostic criteria of pelvic fl oor abnormalities.8-10 They must be 
combined with clinical measurements and subjective symptoms 
reported by the patient for interpretation. Many experts agree 
that defecography alone is of limited value in clinical decision-
making and should be interpreted with the results of comple-
mentary testing such as anorectal manometry and pelvic MRI.6

Colpocystodefecography
Colpocystodefectography (CCD) or dynamic cystoproctography 
(DCP) combines voiding cystography, vaginal opacifi cation, and 
defecography (discussed in the previous section). The imaging 
study itself is very similar to that described for defecography. The 
patient is either upright or seated in a special defecography stool-
chair, depending on the phase of the examination, with the 
images being taken during the static and the dynamic phases of 

564

Ch055-X2339.indd   564 1/31/2008   2:42:21 PM



 Chapter 55 IMAGING IN THE DIAGNOSIS OF PELVIC ORGAN PROLAPSE 565

A B

the examination. During the former phase, the patient is either 
resting, performing a Valsalva maneuver, or maximally contract-
ing her anal sphincter; the latter phase of the study involves 
micturition and defecation.11 Therefore, information obtained 
during a single CCD study is a combination of voiding cystogra-
phy and defecography.

CCD has been shown to be more sensitive than physical exam-
ination in the detection of various forms of female pelvic organ 
prolapse, and it was developed to complement the physical exam-
ination.12 It has the advantage of examining the patient under the 
force of gravity in either upright or seated position, thus revealing 
pelvic fl oor weakness during physiologic activities as well as rest. 
However, it does include exposure of the patient to the effects of 
ionizing radiation, and it puts a time-constraint on both the 
examiner and the examinee. In addition, it is a rather intrusive 
technique and requires a great deal of cooperation from the 
patient as well as patience from the examiner.

Ultrasonography

Ultrasonography is popular because it is an inexpensive, nonin-
vasive imaging technique that does not involve the use of ionizing 
radiation. It is currently best reserved for evaluation of pelvic 
organs and bladder volume. The main disadvantages of this tech-
nique are its operator dependence and suboptimal ability for 
comprehensive visualization of tissue planes.5 Because of these 

drawbacks, pelvic fl oor prolapse has been graded by physical 
examination far more often than by either transvaginal, transrec-
tal, or transperineal ultrasound.4

Endoanal Approach
Endoanal ultrasound is used to assess the anorectal junction in 
patients with incontinence, because other approaches such as 
abdominal, perineal, or transvaginal scanning are not capable of 
visualizing the anal sphincter muscles as adequately as the endo-
anal approach.13 Although the anal sphincter and even, to a 
certain extent, upper anal canal defects can be visualized, there is 
a very wide range of normal fi ndings owing to differences in 
methodology and reproducibility of measurements with fi bers 
that lie oblique to the plane of the imaging probe.5 Positioning 
of the patient is also important and somewhat gender specifi c. 
Whereas in men the left lateral position is adequate, female 
patients should be imaged either prone or in lithotomy position 
so as to not disturb the anterior anatomy and to increase the 
diagnostic accuracy of the study.14 In general, series of images are 
taken at several levels of depth as the probe is being withdrawn 
from the anal canal, with detailed examination of any abnormal-
ity encountered along the way.

Transvaginal Approach
Female anatomy is unique in that it allows a transvaginal approach 
to imaging of anal sphincter abnormalities. It is possible to obtain 

Figure 55-1 Defecography or evacuation proctography suite (A) and commode (B) used to image patients during various phases of 
defecation or micturition in lateral projection.
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a unique view of the sphincter in its closed state during this study 
when the probe placed in the distal vagina/perineum is angled 
backward. Perineal body thickness, the subepithelial thickness, 
anal cushions, and sphincter damage can be assessed.15 However, 
even though the transvaginal approach allows for assessment of 
the anal sphincters, the endoanal approach is superior for defi n-
ing the extent of sphincter tears and confi rming their intactness 

throughout their length.13,15 In addition to assessing the anal 
sphincter, transvaginal sonography allows assessment of the 
urethra and bladder in supine or sitting positions as well as 
during dynamic studies in the assessment of urinary continence 
mechanisms.16 In some cases of enteroceles, it is possible to visu-
alize bowel loops extending down into the rectovaginal space 
during this examination.17

A

C

B

Figure 55-2 Pre-evacuation phases of defecography. A, Resting 
phase. The normal range for the anorectal angle is 70 130 
degrees. B, Squeezing phase, used to assess the strength of pelvic 
fl oor muscles (note the normal narrowing of the anorectal angle). 
C, Straining phase, used to assess pelvic fl oor relaxation.
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Figure 55-3 A through F, Dynamic phases of defecography, in which the patient is asked to initiate evacuation rapidly. The latest images 
(E, F) show near-complete evacuation.
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Perineal Approach
In the perineal approach, the pelvic fl oor is imaged while the 
ultrasound probe is placed on the perineum. It is also possible to 
obtain good images of the bladder neck and pubic symphysis at 
rest and during Valsalva maneuvers in the sagittal plane with the 
probe placed over the vulva. Although the relationship of dynamic 
transperineal ultrasound to other, more established imaging 
modalities remains to be fully assessed, it has a great potential as 
a simple, cheap, and relatively noninvasive technique. With the 
perineal approach the position of the bladder neck, the pubo-
rectalis, and the anorectal angle can be measured. In addition, 
during straining phases, it is sometimes possible to visualize rec-
toceles, cystoceles, enteroceles, and rectal intussusceptions.15 
Some investigators recommend using rectal and vaginal opacifi -
cation with ultrasound coupling gel during dynamic transperi-
neal ultrasound studies. With the patient in the left lateral position 
and a full bladder, movement of the pelvic fl oor muscles is 
observed in the sagittal and coronal planes during straining and 
squeezing.18

Magnetic Resonance Imaging

MRI offers a myriad of advantages over other imaging modalities: 
lack of ionizing radiation, ease of performance, reproducibility, 
excellent depiction of pelvic fl oor soft tissues, multiplanar 
imaging, and, perhaps most important, its dynamic rapid 
acquisition capabilities.19-23 Because MRI is capable of superior 
differentiation between soft tissues and fl uid-fi lled viscera, the 
musculofascial support structures of the pelvic organs can be 
visualized.24 By using different imaging systems, it is possible to 
tailor the imaging examination to the needs of the patient and 
the clinician. Whereas endoanal coils yield the highest-resolution 
images of the anal sphincter, with somewhat limited visualization 
of other pelvic fl oor structures, a body coil permits greater fl exi-
bility during the examination, because it results in a more global 
view of the perineum and the pelvic fl oor.5 In addition, most 
cases of pelvic fl oor dysfunction involve several pelvic compart-
ments, and MRI is an invaluable technique because it is ideally 
suited for simultaneous multicompartmental anatomic assess-
ment during a given imaging study.2,25

The patient’s prone position inside the magnet during the 
study is the only obvious disadvantage of using MRI, because it 
naturally eliminates the gravity component from the pelvic pro-
lapse, which may be more pronounced while standing or sitting.26 
However, practically speaking, most clinical physical examina-
tions by urologists and gynecologists are performed with the 
patient in the prone position. In addition, at least one study 
designed to compare MRI fi ndings in the upright and supine 
positions found no signifi cant differences, although the small 
sample size of this study could have contributed to the statistical 
insignifi cance reported by the authors.25,27 More important, this 
study described a vertically open-confi guration magnet system, 
which, albeit with artifacts, demonstrated the potential feasibility 
of eventually being able to conduct dynamic MRI studies with 
patients in upright and seated positions.27

Yet another group described dynamic magnetic resonance 
defecography with a superconducting open-confi guration magnet 
system with the patients studied in the sitting position. The 
authors showed that magnetic resonance defecography is supe-
rior to fl uoroscopic defecography and is a superb method for the 
detection of clinically relevant pelvic fl oor pathology.26 Once 

again, this study used a small number of patients, so the fi ndings 
remain to be further confi rmed by larger trials. Because open 
MRI confi guration systems still remain in the experimental stages 
and are not widely available, clinicians should be well aware of 
this potential drawback of MRI and rely on the entire clinical 
picture, complemented with other studies and physical examina-
tion fi ndings, in making their fi nal decisions. Another potential 
disadvantage of MRI is its unsuitability for claustrophobic 
patients and those with cardiac pacemakers.24

Given the numerous advantages of MRI in the study of pelvic 
organ prolapse and pelvic fl oor relaxation, there is a rather wide 
spectrum of methods used by several investigators, as opposed to 
a single optimal protocol. Some patients may be imaged at rest, 
whereas others are studied while straining or during dynamic 
voiding or evacuation in the MRI scanner. In addition, MRI 
studies have been done without contrast material, with catheters 
to identify the urethra, with vaginal and rectal markers, and with 
vaginal, urethral, rectal, and bladder contrast material.19,28 In 
general, whereas classic T2-weighted static sequences with cor-
respondingly high spatial resolution are used to assess the 
anatomy (e.g., levator ani trophicity), fast dynamic sequences are 
used to study morphologic changes during rest and contraction, 
straining, and evacuation phases.4,25 The entire imaging study is 
usually accomplished in 20 to 25 minutes. Information obtained 
about peritoneal and digestive compartments is especially useful, 
because it allows evaluation of complex multicompartmental 
cases of pelvic prolapse in which physical examination appears 
grossly inadequate. MRI is also very useful in the assessment of 
postsurgical recurrences.25

The development of dynamic rapid T2 sequences (e.g., single-
shot fast spin-echo [SSFSE], half-Fourier acquisition turbo spin-
echo [HASTE], true fast imaging with steady-state precision 
[True FISP]) allows acquisition of superb anatomic detail during 
brief periods of breath-holds. Of note, no patient preparation or 
instrumentation is needed to complete these studies. In fact, the 
ureters, bladder, uterus, vagina, rectum, bowel, ovaries, and even 
abnormally dilated ureters may be visualized without the use of 
any contrast agents. More important, data obtained from 
dynamic MRI are more accurate than physical examination in 
diagnosing enteroceles, cystoceles, vaginal vault prolapse, and 
uterine hypermobility.24 From a surgical point of view, MRI 
clearly identifi es the ovaries, which greatly aids in the decision to 
perform oophorectomy at the time of hysterectomy if certain 
abnormalities are present during the preoperative imaging 
workup of patients. In addition, one is able to visualize other 
important pelvic pathology, such as uterine leiomyomas, ureteral 
dilatation, and other pelvic masses.29

Opponents of MRI bring up the issue of the costliness of this 
diagnostic modality. Some investigators concluded in their 
studies of the economic aspects of MRI that there is a paucity of 
evidence in the literature to guide such decisions. Yet others have 
reported that dynamic MRI of the pelvis may be designed to be 
signifi cantly less expensive than pelvic ultrasound and VCUG. An 
MRI time of 15 minutes or less may help decrease cost.4 Most 
likely, it is these latter factors that will eventually lead to greater 
cost-effectiveness of MRI for pelvic fl oor disorders across numer-
ous medical centers in the country.

Data Analysis Using Magnetic Resonance Imaging Data
Results of the MRI are analyzed with respect to pelvic organ posi-
tion at rest and during contraction and straining phases relative 
to anatomic landmarks.29 The latter are in turn divided into fi xed 
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enterocele, or uterine descent), the prolapse is defi ned as the 
degree of visceral descent beyond the H-line.24,29 By obtaining 
these measurements on dynamic MRI obtained with very fast 
MRI sequences, one can readily differentiate between pelvic 
organ descent and pelvic fl oor prolapse and grade the degree of 

PCL

M

H

Descend

Widening

Figure 55-4 Reference lines drawn on a resting sagittal magnetic 
resonance image demonstrating two components of pelvic fl oor 
prolapse (descend and widening) in the HMO classifi cation system. 
Descent is measured by descent of the H-line relative to the 
pubococcygeal line (PCL) and thus an increasing M, whereas 
widening is seen by increase in the anteroposterior dimension of 
the hiatus and thus lengthening of the H line. See text for details.

A B
Figure 55-5 A, Resting phase magnetic resonance image (MRI). B, A severe perineal hernia is appreciated on the MRI in the dynamic phase. 
The reference lines are drawn on the image to illustrate the accompanying pelvic fl oor prolapse, with a tremendous increase in the M-line 
(yellow).

and mobile landmarks. The so-called pubococcygeal line (PCL) 
comprises the fi xed landmark, and although there are slight vari-
ations among various investigators as to the exact manner of its 
delineation, it essentially extends from the inferior aspect of the 
pubis to the sacrococcygeal joint. Mobile landmarks consist of 
the bladder neck, urethra, uterine cervix (or vaginal vault in cases 
of hysterectomy), the lowest point of the peritoneum, and the 
rectoanal junction for the posterior compartment. By measuring 
the distance between the mobile landmarks and the PCL during 
the straining phases of the study, one is able to comment on the 
presence and degree of corresponding pelvic fl oor prolapse and 
the organs involved.25,29

A rather simple and objective grading system, called the HMO 
system, has been proposed to quantify pelvic fl oor relaxation and 
prolapse and to differentiate between organ prolapse and pelvic 
fl oor descent by using MRI images.24,29 These two terms are often 
are used synonymously, but they are not interchangeable and 
should be differentiated. Pelvic fl oor relaxation is composed of 
hiatal enlargement and pelvic fl oor descent, two entities defi ned 
clearly by the HMO classifi cation system (Fig. 55-4). The so-
called H-line (Levator hiatus width) measures the width of 
the levator hiatus and refers to the distance from the pubis to 
the posterior anal canal; it represents the hiatal enlargement. The 
M-line (muscular pelvic fl oor relaxation) represents the descent 
of the levator plate from the PCL and measures the muscular 
pelvic fl oor relaxation. With signifi cant pelvic fl oor relaxation, 
one is able to demonstrate levator hiatal widening and levator 
plate descent, as indicated by corresponding increases in the H 
and M lines on MRI data (Fig. 55-5).

Whereas the H and M measurements are used to demonstrate 
pelvic fl oor descent, the so-called O-component of the HMO 
system gives a grading to the visceral (organ) prolapse. For all of 
the pelvic organs involved (i.e., cystocele, urethrocele, rectocele, 
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Regardless of the exact classifi cation system used to interpret 
the MRI data, the standard radiologic report includes informa-
tion on the presence of any incidental lesions (ovarian, uterine, 
gastrointestinal tract); the morphology of the levator ani muscles; 
pelvic organ position at rest, during contraction, and during 
maximum straining; the degree of prolapse; and any coexisting 
masked prolapse in addition to the main prominent prolapse.25 
According to current studies, MRI appears to be at least equiva-
lent to physical examination for prolapse detection in the 
anterior pelvic compartments such as the bladder and uterus, 
and it is superior to the clinical examination in cases of posterior 
compartment prolapse such as peritoneal and gastrointestinal 
organs.30-33 Yet another advantage of MRI over some of the 
other methods, such as conventional defecography, is lower 
interobserver variability in the interpretation of the imaging 
studies.28

Three-dimensional Magnetic Resonance Imaging
Three-dimensional MRI represents an advanced method of 
presentation and interpretation of data obtained during MRI 
studies (Fig. 55-6). It has been gaining popularity among 
investigators in the fi eld, because it enables volumetric analysis 
of the data and demonstrates with remarkable clarity the spatial 
relationships among the anatomic structures of interest.34 
For instance, this method has been applied to better defi ne 
the levator ani morphology and to demonstrate, not only quali-
tatively but also quantitatively, the pathologic changes involved 
in various grades of pelvic prolapse.35-37 Although these fi ndings 
have not been applied to clinical practice as yet, they could poten-
tially be important in generating treatment plans for patients, 
predicting the course of progression of prolapse severity, and 
even predicting the likelihood of recurrence after corrective 
surgery.34

Table 55-1 Proposed Pelvic Organ Prolapse Grading 
System Using Dynamic Magnetic Resonance 
Imaging Data

Grade Organ Location

0 (no prolapse) Above H-line
1 (mild, small) 0-2 cm below H-line
2 (moderate) 2-4 cm below H-line
3 (severe, large) >4 cm below H-line
4 (procidentia) Only for cystourethrocele

From Barbaric ZL, Marumoto AK, Raz S: Magnetic resonance imaging of 
the perineum and pelvic fl oor. Topics Magn Res Imaging 12:83-92, 
2001.

Table 55-2 Proposed Pelvic Floor Descent (Length of 
the M-Line) Grading System Using Dynamic Magnetic 
Resonance Imaging Data

Grade Pelvic Floor Descent (cm)

0 (normal) 0-2
1 (mild) 2-4
2 (moderate) 4-6
3 (severe) >6

From Barbaric ZL, Marumoto AK, Raz S: Magnetic resonance imaging of 
the perineum and pelvic fl oor. Topics Magn Res Imaging 12:83-92, 
2001.

A B
Figure 55-6 Image of perineum shown in conventional  magnetic resonance imaging (A) and in three-dimensional reconstruction (B).

pelvic fl oor abnormalities (Tables 55-1 and 55-2). In addition to 
being rather simple and reproducible, the HMO grading system 
allows better defi nition and understanding of the pathology 
involved by enabling differentiation between pelvic organ descent 
and pelvic organ prolapse.29
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Computed Tomography

Computed tomography (CT) scanning allows multiplanar visu-
alization of anatomy and becomes especially useful for patients 
who are unable to tolerate MRI due to the presence of medical 
devices such as pacemakers, general debilitation, or claustropho-
bia. However, even though CT is a well-established axial imaging 
modality, it has limited application in the fi eld of female pelvic 
prolapse simply because of anatomic limitations. The urogenital 
diaphragm and levator ani are mostly situated in the axial plane, 
they are best assessed by coronal imaging. However, with tradi-
tional CT, one is able to obtain coronal images only by reformat-
ting the axial images, resulting in loss of spatial resolution during 
the process and inevitable degradation of the image quality.5 
Because of these factors, very little attention has been paid in the 
fi eld of radiology to CT scanning as a possible imaging modality 
for female pelvic fl oor dysfunction.

A preliminary study using a small number of patients explored 
the use of CT scanning in the diagnosis of prolapse of female 
pelvic organs and commented on its potential role in patients 
intolerant of MRI.38 Despite the fact that the soft tissue contrast 
on CT if far inferior to that of MRI, it was possible to identify 
the bladder, uterus, small bowel, peritoneal fat, and rectum, as 
well as changes in position with straining, if CT was performed 
adequately. Another possible advantage of CT scanning is its 
ability to assess the contour of the levator ani muscles and obtain 
pelvic images in multiple planes. Both modalities image the 
patient while supine, thus introducing the possibility of sub-
op timal results in this nonphysiologic position, especially if the 
patient’s straining is suboptimal.38 With further evolution of CT 
technology, such as availability of multiple-detector-row CT 
scanners and lower image acquisition times, it might be possible 
to obtain dynamic images almost in real time. In addition, the 
possibility of acquiring thinner slices will potentially lead to 
decreased artifacts during volume rendering. However, as with 
fl uoroscopy, radiation exposure will always remain a major 
concern with CT scanning.

CLINICAL APPLICATIONS

Cystoceles

In an ideal world, imaging studies used in the evaluation of cys-
toceles should yield information on the presence or absence of 
urinary retention, ureteral obstruction, urethral hypermobility, 
and other forms of pelvic fl oor prolapse, as well as evaluation for 
stress urinary incontinence, in the least invasive manner to the 
patient.3 Radiographically, a cystocele usually appears during 
the maximal straining phase of the imaging study as descent of 
the normally horizontal bladder base below the inferior margin 
of the pubic symphysis and as a concave impression on the supe-
rior aspect of the vagina.5 Traditionally, a VCUG and videouro-
dynamics with the patient standing in both straining and relaxed 
states have been performed as part of the workup for cystoceles. 
Although these studies are helpful in the evaluation of cystocele 
severity, postvoid residual volume, stress urinary incontinence, 
and urethral hypermobility, they fail to comment on the presence 
of related pelvic fl oor dysfunction.3 Because of this drawback of 
the technique, fl uoroscopic cystocolpoproctography or dynamic 
contrast roentgenography with pelvic organ opacifi cation have 
been used to determine the presence of related pelvic fl oor pro-

lapse. However, these studies fail to detect up to 20 % of entero-
celes, are time-consuming, and expose the patient to ionizing 
radiation.1,11,30-32,39,40

Even though ultrasonography does not have the drawback 
of radiation exposure to the patient, it fails to provide optimal 
visualization of soft tissue planes and is extremely operator 
dependent.41

MRI lacks most of these shortcomings and has numerous 
advantages previously mentioned.4,19,24 Studies have shown a very 
high degree of correlation between dynamic MRI and lateral 
cystourethrography.42 The only possible disadvantage of MRI is 
the fact that, because it is performed with the patient in the 
supine position, the physiologic effect of gravity cannot be 
studied.3 With dynamic MRI, one is able to both quantitate the 
degree of a cystocele present and diagnose any coexisting pelvic 
fl oor descent (Figs. 55-7 and 55-8).

Enteroceles

Before the introduction of MRI to the study of female pelvic 
prolapse, defecography was the primary modality in the diagnos-
tic workup of enteroceles (Figs. 55-9 and 55-10). In order to 
visualize the small bowel loops between the rectum and the 
vagina, indicative of an enterocele, the patient is asked to strain 
repeatedly after evacuation. Very often, opacifi cation of the 
vagina is also necessary to better visualize the pathology.5 In some 
cases, voiding cystograms were performed to rule out a cystocele. 
Later, fl uoroscopic cystocolpoproctography or dynamic contrast 
roentgenography gained popularity. These studies involve opaci-
fi cation of the bladder, vagina, small bowel, and rectum in order 
to visualize pelvic prolapse. Even though triphasic opacifi cation 
is more time-consuming, it has been shown to improve recogni-
tion of enteroceles during the examination.

In addition to performing the imaging study with all organs 
opacifi ed at the same time, one can also choose to opacify each 
organ individually before each straining phase.1,31,32,39 The diag-
nosis of an enterocele is made by comparing the images obtained 
during the straining phase of the study with those recorded 
during relaxation. Here, an increase in the distance between the 
vagina and the rectum, which are delineated by the contrast 
material, is suggestive of an enterocele. Occasionally, physiologic 
bowel gas bubbles in the contents of this herniated small bowel 
may be seen to further identify it as such.30 Unfortunately, in 
addition to being rather time-consuming and invasive, defecog-
raphy and cystocolpoproctography fail to detect enteroceles in 
up to 20% of cases.3,11,30,40

Before the introduction of MRI into the fi eld, many consid-
ered multiphasic cystocolpoproctography to be the best-suited 
imaging modality for detection of female organ prolapse (Fig. 
55-11). However, many experts now believe that dynamic MRI 
is a superior radiographic technique in the diagnosis of entero-
celes and that the invasiveness of organ opacifi cation is not justi-
fi ed in the light of the very minimal yield of additional information, 
if any.3,4,30,32 Studies have shown repeatedly that MRI is far more 
sensitive than physical examination and dynamic cystocolpo-
proctography in the diagnosis of enteroceles.4,30 The diagnosis of 
an enterocele on an MRI study is made by measuring the distance 
between the lowest point of the peritoneal borderline and the H 
(hiatal) anteroposterior reference line obtained during the 
dynamic (straining) phases of the study. In fact, magnetic reso-
nance colpocystorectography, which utilizes sonography gel to 
opacify the vagina and the rectum, is the only method available 
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Figure 55-8 Magnetic resonance images in resting (A) and dynamic (B) phases, demonstrating pelvic fl oor prolapse and severe cystocele in 
a 52-year-old woman with complaints of vaginal prolapse and frequency.

A B
Figure 55-7 Magnetic resonance images showing a cystocele in resting position (A) and with pelvic fl oor descent appreciated on 
straining (B).

A B
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that can precisely visualize the parietal peritoneum, thus allowing 
one to make the diagnosis of an enterocele with utmost confi -
dence.30 An isolated enterocele can be differentiated from one 
present as part of a combined organ prolapse, and any other 
coexisting conditions can be diagnosed as well (Fig. 55-12). More 
importantly, MRI enables the differentiation of contents of 
enteroceles, revealing such entities as mesenteric fat, rectosig-
moidoceles, and small and large bowel. In fact, by taking into 
account the axial turbo spin echo sequences, often one is able to 
differentiate sigmoid colon from small bowel loops. On the con-
trary, hernias containing mostly fl uid and components of the 
mesenteric tissue give a homogenous intense signal on the T2-

A

B
Figure 55-9 A and B, Enteroceles shown on dynamic evacuation 
proctography images.

weighted images. In addition, this method of visualization of the 
herniated contents does not require prior additional measures 
(e.g., small bowel opacifi cation) to be taken.

Many urologists fi nd MRI particularly useful in differentiating 
high rectoceles from enteroceles, which is an important distinc-
tion as far as safe and effi cient surgical planning is concerned.3-4,30 
Because it does not expose patients to ionizing radiation, MRI 
also has the advantage of no time pressure constraints and gives 
patients more fl exibility and control during repeated phases of 
straining which often needed to visualize pelvic fl oor defects.

For completeness, comments should be made about the utility 
of ultrasonography and defecoperitoneography in the diagnosis 

A

B
Figure 55-10 A and B, Enterocele with pelvic fl oor prolapse 
demonstrated on dynamic defecography study.
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of enteroceles. It is possible to indirectly visualize the intestinal 
loops in the herniated sack as a dorsal attenuation with endovagi-
nal sonography. However, this examination is rather diffi cult, 
because it requires a fi rm and stable contact between the ultra-
sound probe and the vaginal wall, even during repeated straining 
phases of the examination.17

Defecoperitoneography is a combination of a small-bowel 
enteroclysm, evacuation proctography, and intra-abdominal 
puncture.43,44 Even though magnetic resonance colpocystorectog-
raphy is comparable to defecoperitoneography in its time-
consuming aspects, the latter is a much more invasive procedure 
associated with several rather morbid complications (e.g., perfo-
ration).45 In addition, defecoperiotoneography misses many cases 
of enteroceles, because the radiation dose with this technique 
forbids more than one round of straining, and several rounds of 
repeated straining and defecation are often required to induce 
and visualize organ prolapse during a given study.30,46 Therefore, 
MRI is a superior technique in the diagnosis of enteroceles or 
peritoneoceles, because it is highly specifi c, sensitive, versatile, 
noninvasive, radiation-free, and relatively safe.

Rectoceles

Because physical examination has a wide range of sensitivities for 
diagnosis of rectoceles and is unreliable in differentiating entero-
celes from high rectoceles, imaging modalities are very helpful in 
the diagnostic workup of suspected rectoceles.3 Defecography has 

A B
Figure 55-11 A, Sagittal magnetic resonance image showing an enterocele on dynamic phase. B, Corresponding operating room fi ndings.

Figure 55-12 Large cystocele and an enterocele in a patient with 
chronic frequency, nocturia, urgency, urge incontinence, and history 
of urine leaks with standing appreciated on a dynamic sagittal 
magnetic resonance image.
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A

C

B

Figure 55-13 Resting (A), squeezing (B), and straining (C) phases of a 
defecography study.

been traditionally the study of choice for rectoceles (Fig. 55-13). 
A rectocele usually appears as an anterior bulge in the extrapo-
lated line of the normal rectal wall that appears with evacuation 
or strain and is measured as the maximum extent of that bulge 
(Fig. 55-14).10 It should be noted that, because rectoceles quite 
often appear as transient fi ndings during defecography, many 
prefer to obtain and review the videotape of the evacuation 
process.5 To evaluate for other concurrent forms of pelvic pro-
lapse, dynamic contrast roentography or fl uoroscopic cystocol-
poproctography has been used by various investigators.1,3,31,32,39 
However, all of these techniques have the disadvantage of signifi -
cant radiation exposure and poor visualization of soft tissues in 
the evaluation of the pelvic fl oor. MRI eliminates all of these fl aws 
and allows superb visualization of soft tissue structures and con-
current pelvic fl oor pathology (Fig. 55-15). Studies seem to indi-
cate that rectal opacifi cation should be used to increase the 
detection rates of rectoceles with MRI. This usually entails the 

introduction of sonographic transmission gel into the rectum, 
which yields a high signal on T2-weighted MRI sequences. Some 
radiologists prefer to mix it with diluted gadolinium contrast 
medium for easier visualization. The only caveat to this method 
is the fact that it can introduce air bubbles and thus image arti-
facts.4,25,32 It has been theorized that MRI fails to detect small 
rectoceles due to collapse of the walls of the empty rectum during 
the imaging study.3,4

Uterine Prolapse

From a surgical perspective, while evaluating high grade uterine 
prolapse, it is critical to rule out any kind of uterine or ovarian 
malignancy, in order to decide on the kind of hysterectomy to 
be performed. MRI is an ideal imaging modality, because it 
allows evaluation for all forms of pelvic pathology preoperatively 
(Fig. 55-16).3
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A

C

B

Figure 55-14 A through C, Dynamic phases of defecography in 
chronological order showing a rectocele in a 54-year-old patient with 
chronic constipation.

Figure 55-15 Resting phase magnetic resonance image (A) with its counterpart straining phase (B) demonstrating a rectocele.

A B
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Chapter 56

DYNAMIC MAGNETIC RESONANCE 
IMAGING IN THE DIAGNOSIS OF PELVIC 
ORGAN PROLAPSE
Craig V. Comiter and Joel T. Funk

Weakness and subsequent dysfunction of the pelvic fl oor is 
common in parous women of middle or advanced age. Pelvic 
organ prolapse (POP) and pelvic fl oor relaxation are caused by 
anatomic abnormalities, including weakness of the muscles of the 
pelvic fl oor and the fascial attachments of the pelvic viscera. The 
prevalence of POP has been reported to be as high as 16% of 
women aged 40 to 56 years.1 Approximately 500,000 surgeries for 
POP are performed in the United States each year.2

Women with POP present not only to the gynecologist but 
also to the urologist, as up to one third of patients with prolapse 
also suffer from urinary incontinence. POP is also associated with 
fecal incontinence, incomplete voiding, and constipation. A 
detailed knowledge of pelvic anatomy is paramount for the 
proper evaluation and management of such conditions. Pelvic 
support defects result from both neurophysiologic and anatomic 
changes3 and often occur as a constellation of abnormal fi ndings. 
Symptomatic individuals often have multifocal pelvic fl oor 
defects, not always evident on physical examination.4

Even experienced clinicians may be misled by the physical 
fi ndings, having diffi culty differentiating among cystocele, 
enterocele, and high rectocele by physical examination alone. 
Depending on the position of the patient, the strength of the 
Valsalva maneuver, and modesty of the patient, the examiner 
may be limited in his or her ability to accurately diagnose the 
various components of pelvic prolapse. Furthermore, with uterine 
prolapse, the cervix and uterus may fi ll the entire introitus, 
making the diagnosis of concomitant anterior or posterior com-
partmental prolapse even more diffi cult. Regardless of the etiol-
ogy of the support defect, the surgeon must identify all aspects 
of vaginal prolapse and pelvic fl oor relaxation for proper surgical 
planning. Incorrect diagnosis of these defects may lead to inade-
quate surgical treatment.5 Accurate preoperative staging should 
reduce the risk of recurrent prolapse, which can occur in up to 
34% of patients after surgery.6

RADIOGRAPHIC EVALUATION

Radiographic evaluation plays an important role in the identi-
fi cation of these defects and should be used as an extension of 
the physical examination. Various methods have been used to 
visualize the pelvic structures and lower urinary tract, including 
fl uoroscopy, sonography, computed tomography (CT), and, 
most recently, magnetic resonance imaging (MRI).

Levator Myography

Levator myography is an outdated method of visualizing the 
pubococcygeus and iliococcygeus via direct injection of contrast 
solution into the levator muscles. Originally described in 1953, 
this technique allows visualization of the position and supportive 
role of these muscle groups.7 Widening of the levator hiatus, 
which often occurs after traumatic childbirth and predisposes to 
pelvic fl oor relaxation and to visceral prolapse, can be demon-
strated with levator myography. Today, this information may be 
obtained noninvasively with CT8 and MRI.9,10

Voiding Cystourethrography

Voiding cystourethrography (VCUG) is mainly used for demon-
strating a cystocele, evaluating bladder neck hypermobility, and 
demonstrating an open bladder neck at rest (sphincteric incom-
petence). Dynamic lateral cystography at rest and during strain-
ing is an important adjunct to the urodynamic evaluation; it is 
useful for demonstrating the presence of and degree of urethra-
vesical hypermobility and cystocele formation (Fig. 56-1).11 In 
additional, dynamic fl uoroscopy has been shown to be more 
accurate than physical examination in demonstrating an entero-
cele.12,13 Other pathologic conditions detected by VCUG include 
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Figure 56-1 Lateral cystogram, with patient relaxed 
(left) and straining (right).
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580 Section 7 FEMALE ORGAN PROLAPSE

vesicoureteral refl ux, vesicovaginal fi stula, and urethral divertic-
ular disease.

Dynamic Proctography

Dynamic proctography, in the cooperative patient, allows precise 
identifi cation and quantifi cation of a rectocele, measured as the 
maximum extent of an anterior rectal bulge beyond the expected 
line of the rectum.14,15 Limitations of this examination include 
the cumbersome and potentially painful instillation of rectal 
barium paste and lack of correlation between the viscosity of the 
paste and the individual patient’s stool. Modesty makes this a 
diffi cult technique for many patients, because they are unable to 
defecate on command.

Colpocystourethrography

The colpocystourethrogram was fi rst described in France in 1965 
and combines opacifi cation of the bladder, urethra, and vagina.16 
Modifi ed and made popular in the mid 1970s, the colpocystoure-
throgram is a dynamic study of pelvic support and function.17 
The anatomic relationships among the bladder, urethra, and 
vagina may be demonstrated, and, when the study is combined 
with proctography, it may be even more useful in outlining the 
anatomy of the normal pelvis and of complex POP.

An enterocele, defi ned as a herniation of the peritoneum and 
its contents at the level of the vaginal apex, may be appreciated 
via straining or defecation during colpocystoproctography. This 
is demonstrated by a widening of the rectovaginal space.18 The 
accuracy of dynamic colpocystoproctography is even further 
enhanced by opacifi cation of the small bowel. The patient drinks 
oral barium 2 hours before the examination. With the vagina, 
bladder, small intestine, and rectum opacifi ed, the vaginal axis 
may be measured at rest and with straining, and prolapse of the 
anterior, middle, and/or posterior vaginal compartment should 
become evident.

Sonography

Sonography offers a convenient, painless, and radiation-free 
technique. As with fl uoroscopy, a dynamic component may be 
added to sonography. In particular, dynamic ultrasound allows 
identifi cation of an enterocele during straining maneuver, evi-
denced by widening of the rectovaginal septum, diminution of 
the peritoneal-anal distance, and herniation of bowel contents 
into the cul-de-sac.19 Ultrasongraphy using an abdominal, rectal, 
vaginal, or perineal transducer is also useful for demonstrating 
vesicourethral anatomy,20-23 So-called contrast sonography uses 
echogenic material instilled into the bladder or vagina and is able 
to identify bladder neck funneling with straining24 as well as 
paravaginal defects.25

Computed Tomography

CT pelvimetry is an accurate and reproducible method for mea-
suring pelvic dimensions and the capacity of the maternal birth 
canal.26,27 However, CT has not been shown to be particularly 
useful in the evaluation of pelvic visceral prolapse. The compo-
nents of the levator plate and urogenital diaphragm are better 
seen in the coronal plane or sagittal view, but CT images are 
routinely presented in the axial plane. Although CT images can 

be reconstructed into a coronal view with the use of cumbersome 
and expensive computer software, poor image quality and dis-
torted spatial resolution has limited the utility of this presenta-
tion technique.8

Magnetic Resonance Imaging

Most recently, MRI has emerged as an important diagnostic 
tool, both for evaluating the functional relationships among the 
pelvic fl oor viscera and supporting structures and for assessing 
pelvic pathology. MRI offers the advantages of being noninva-
siveness, lack of exposure of the patient and examiner to ionizing 
radiation, and superior soft tissue contrast and multiplanar 
imaging without superimposition of structures. Axial images 
provide information about the urogenital hiatus and its contents, 
whereas sagittal images more easily demonstrate visceral pro-
lapse. Because static images alone do not demonstrate relevant 
pelvic fl oor changes with activity, dynamic MRI has been used to 
reveal the structural functional changes that occur during stress 
maneuvers. Those established criteria for abnormality derived 
from fl uoroscopy (colpocystoproctography) are directly appli-
cable to MRI.28

The development of fast-scanning MRI techniques has greatly 
improved the ability to describe and quantify anatomic changes 
that have a causative role in pelvic fl oor relaxation. Fast-scan 
Valsalva imaging formatted in a pseudokinematic cine-loop pro-
vides a dynamic method to study the anatomic changes that 
occur with straining. Additionally, MRI offers a noninvasive 
method to evaluate the female pelvis without exposure to the 
ionizing radiation that is integral to prior modalities such as CT, 
colpocystoproctography, and fl uoroscopy.

MRI also allows evaluation of all three pelvic compartments 
simultaneously for organ descent. Kelvin’s group used “tripha-
sic” dynamic MRI, consisting of a cystographic, a proctographic, 
and a post-toilet phase to facilitate the recognition of prolapsed 
organs that may be obscured by other organs that remain unemp-
tied.29 Fielding showed that MRI is useful for measuring levator 
muscle thickness,30 demonstrating focal levator ani eventrations 
(outpouching) not visible with levator myography,31 and measur-
ing urethral length and the thickness and integrity of periurethral 
muscle ring.9 Hoyte and colleagues48 demonstrated that the ante-
rior portion of the levator (puborectalis) is typically thinner in 
women with POP and/or stress incontinence compared with 
asymptomatic controls—possibly due to muscle atrophy caused 
by denervation from childbirth injuries or muscle wasting sec-
ondary to loss of insertion points for the puborectalis.

Yang and associates were the fi rst to popularize dynamic fast 
MRI for the evaluation of POP,9 using T1-weighted gradient 
recalled acquisition in a steady-state pulse (GRASS) sequence, 
with acquisition times between 6 and 12 seconds. Since then, 
other investigators have shown that MRI is more sensitive than 
physical examination for defi ning pelvic prolapse.5,10,32 Whereas 
some advocate the use of contrast opacifi cation of the bladder, 
vagina, and rectum,29,33 others have shown that the vagina, 
rectum, bladder, urethra, and peritoneum are adequately visual-
ized without any contrast administration.5 By avoiding instru-
mentation of the vagina or urethra, iatrogenic alteration of the 
anatomy is minimized.10

Several years ago, Comiter and coworkers published their 
experience with dynamic half-Fourier acquisition, single-shot 
turbo spin-echo (HASTE sequence) T2-weighted MRI using a 
1.5-Tesla magnet with phased array coils (Siemens) or single-
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shot fast spin-echo (SSFSE, General Electric) for evaluating the 
female pelvis.5 Midsagittal and parasagittal resting and straining 
supine views were obtained for the purpose of identifying the 
midline and for evaluating the anterior pelvic compartment 
(anterior vaginal wall, bladder, urethra), posterior compartment 
(rectum), and middle compartment (uterus, vaginal cuff), as well 
as the pelvic fl oor muscles, adnexal organs, and intraperitoneal 
organs (Fig. 56-2). Images were looped for viewing on a digital 
station as a cine stack and for measuring the relationship of pelvic 
organs to fi xed anatomic landmarks. The fi rst set of images com-
prised volumetric sagittal cuts from left to right, used to locate 
the midsagittal plane and to survey the pelvic anatomy. The 
second set of images was obtained with four cycles of repeated 

relaxation and Valsalva maneuver.5,8 Total image acquisition 
time was 2.5 minutes, and total room time was 10 minutes per 
study.

This dynamic MRI technique, known as the HMO classifi ca-
tion system, has been shown to be useful for grading pelvic vis-
ceral prolapse and pelvic fl oor relaxation in a simple and objective 
manner.5 The size of the levator hiatus and the degree of muscu-
lar pelvic fl oor relaxation and organ prolapse were measured. The 
“H-line” (levator hiatus width) measures the distance from the 
pubis to the posterior anal canal. The “M-line” (muscular pelvic 
fl oor relaxation) measures the descent of the levator plate from 
the fi xed pubococcygeal line (PCL). The PCL spans the distance 
from the pubis to the sacrococcygeal joint (Fig. 56-3). The “O” 

Figure 56-2 Lateral magnetic resonance image denoting normal 
pelvic structures.

Figure 56-3 The H-line (levator hiatus width) measures 
the distance from the pubis to the posterior anal canal. 
The M-line (muscular pelvic fl oor relaxation) measures 
the descent of the levator plate from the fi xed 
pubococcygeal line (PCL).
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classifi cation (organ prolapse) describes the degree of visceral 
prolapse beyond the H-line. The degrees of cystocele, rectocele, 
enterocele, and uterine descent are graded as 0, 1, 2, or 3, corre-
sponding to none, mild, moderate, or severe (Fig. 56-4).

In a group of women with symptomatic prolapse, the levator 
hiatus width (H-line) was signifi cantly wider than in a control 
group (7.5 ± 1.5 cm versus 5.2 ± 1.1 cm; P < .001). Similarly, the 
levator muscular descent (M-line) was greater in the prolapse 
group than in the control group (4.1 ± 1.5 cm versus 1.9 ± 1.2 
cm; P < .001).5 These objective fi ndings fi t well with our knowl-
edge of the pathophysiology of pelvic prolapse. Trauma to the 
pubococcygeus and iliococcygeus, usually from childbirth, results 
in widening of the levator hiatus and laxity of the musculofascial 

support structures.34 This results in a sloping levator plate, with 
the more vertically oriented vagina and rectum tending to slide 
down through the widened hiatus. Therefore, the H and M lines 
both increase with pelvic fl oor relaxation. This in turn leads to 
organ prolapse (O classifi cation). Because of the excellent visu-
alization of fl uid-fi lled viscera and soft tissues, MRI can differen-
tiate among cystocele, enterocele, and high rectocele, which may 
be diffi cult by physical examination alone.

MRI fi ndings were compared to physical examination and 
intraoperative fi ndings. HASTE-sequence MRI was more accu-
rate than physical examination in identifying cystocele, entero-
cele, vault prolapse, and pelvic organ pathology such as uterine 
fi broids, urethral diverticula, ovarian cysts, and Nabothian and 

A

B

C

Figure 56-4 Organ prolapse. A, Cystocele. B, Rectocele. 
C, Enterocele.
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Bartholin gland cysts.32 Comiter and colleagues found that, with 
dynamic MRI, surgical planning was altered in more than 30% 
of cases, most often because of occult enterocele not appreciated 
on physical examination.35

In patients with severe prolapse, especially if renal insuffi -
ciency is present, the surgeon must rule out obstructive hydro-
ureteronephrosis. This may be accomplished by magnetic 
resonance urography, which adds only 30 seconds of examina-
tion time and no additional morbidity (Fig. 56-5). MRI may also 
be useful for the radiographic evaluation of stress incontinence. 
Hypermobility of the proximal urethra and bladder neck descent 
are important pathophysiologic features in the diagnosis of 
genuine stress urinary incontinence.36,37 Measurement data on 
dynamic MRI for the bladder neck position and the extension of 
cystocele at maximal pelvic strain are comparable with data 
obtained by lateral cystourethrography (Fig. 56-6).38

Recent urogynecologic and radiologic publications have vali-
dated MRI as a reliable alternative to colpocystoproctogra-
phy.29,38,39 The information obtained via MRI is often superior to 
that obtained via colpocystoproctography, because the former 
allows for direct visualization of the pelvic organs and their fl uid 
content, whereas the latter presents a silhouetted view of con-
trast-fi lled organs (complete opacifi cation is not usually achieved). 
Gufl er and associates demonstrated that dynamic MRI is helpful 
in the evaluation of persistent patient complaints after surgery 
for POP and is, in fact, more sensitive than physical examina-
tion.40 Dynamic MRI is particularly sensitive for diagnosing 
enteroceles and is superior to colpocystoproctography or physi-
cal examination.41 A minority of studies have shown that MRI 

may not be as accurate for the identifi cation of vaginal vault 
prolapse or for rectocele as is colpocystoproctography.42 Gousse’s 
group from the University of Miami postulated that the anterior 
rectal wall is not well differentiated from the posterior wall 
on rapid-sequence MRI when the rectum is empty, because 
the rectal walls are collapsed.32,43 At our institution intravaginal, 
intravesical, or intrarectal contrast is not instilled, but others have 
shown that such “triphasic dynamic” studies may even further 
improve the diagnostic accuracy of MRI.29,34

The disadvantage of MRI is that the study often must be per-
formed with the patient in the supine position, because upright 
MRI scanners are not yet universally available. Colpocystoproc-
tography is clearly more amenable to performance in a sitting 
position than is MRI. However, dynamic MRI with relaxing and 
straining views has been shown to adequately demonstrate POP 
during straining in the supine position.44 Additionally, in those 
institutions that have access to an upright MRI scanner, sitting 
MRI was not shown to be superior to supine MRI for demon-
strating POP. Although patients undergoing sitting MR imaging 
demonstrated a greater degree of visceral descent, supine studies 
were not inferior for demonstrating clinically relevant 
prolapse.45

Competition among prolapsing organs fi lling a fi nite introital 
space may also limit MRI, just as it may limit physical examina-
tion and dynamic fl uoroscopy. This is especially true for identi-
fi cation of a rectocele. Additionally, claustrophobic patients and 
those with cardiac pacemakers or sacral nerve stimulators cannot 
enter the enclosed magnet. Despite these limitations, dynamic 
MRI has become the study of choice at our institution for evalu-
ating POP and pelvic fl oor relaxation.

Figure 56-5 Magnetic resonance urography demonstrates 
hydroureteronephrosis secondary to pelvic organ prolapse 
obstructing the ureters.

Figure 56-6 Lateral magnetic resonance image demonstrating stress 
urinary incontinence secondary to urethral hypermobility.
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Alternative MRI sequences have recently been demonstrated 
to be as good or better than the HASTE sequence. Lienemann 
and colleagues recommended a true fast imaging with steady-
state precession (True FISP) sequence, because it may be 
associated with superior image quality compared to the HASTE 
sequence.41,45 Gousse’s group from Miami demonstrated the 
utility of extended-phase conjugate-symmetry rapid spin-echo 
sequence (EXPRESS) as a novel and very rapid scanning tech-
nique; individual images are obtained in 0.8 seconds with the use 
of half-Fourier reconstruction and fast gradients with sophisti-
cated recently available software.43 Both the True FISP and 
EXPRESS dynamic MRI examinations were superior to physical 
examination in accuracy and completeness for the preoperative 
evaluation of POP.

Over the last decade, there has been an increasing interest in 
use of elective cesarean delivery to reduce maternal birth trauma 
and decrease long-term morbidity,46,47 but reliable prepartum 
criteria have not been established to identify those women most 
likely to develop pelvic fl oor injuries during childbirth. Fielding’s 
group at Harvard recently published their experience with MRI 
pelvimetry as a potentially important research tool.48 Their pro-
tocol is easily performed with the patient in the supine position 
using a pelvic coil, fast spin-echo T2-weighted sequences, 2-mm 
cuts, and a 1.5-T system. Pelvimetry measurements are obtained 
from coronal, axial, and midsagittal images. Signifi cant differ-
ences in mean pelvimetry measurements were demonstrated 
between women with and without pelvic visceral prolapse and 
pelvic fl oor relaxation. With multivariate analysis, POP patients 
had a wider transverse inlet diameter, and a trend toward a wider 
interspinous diameter. Recent CT studies have demonstrated 
that women with wider transverse inlet diameters have a 
higher prevalence of prolapse after childbirth,26 and perhaps 
MRI pelvimetry may contribute to the identifi cation of such risk 
factors.

SUMMARY

Most cases of incontinence and minimal pelvic fl oor weakness 
can be treated based on physical examination with or without 
urodynamic evaluation. On the other hand, in women with 
complex or recurrent POP and pelvic fl oor relaxation, radio-
graphic evaluation is recommended as an extension of the physi-
cal examination. A detailed working knowledge of normal and 
abnormal female pelvic anatomy is necessary for the proper eval-
uation of pelvic visceral prolapse. However, even the most expe-
rienced gynecologist or urologist may have diffi culty distinguishing 
among prolapsing organs competing for introital space. Accurate 
identifi cation of all aspects of vaginal prolapse and pelvic fl oor 
relaxation are vital, not only to permit adequate surgical planning 
but also to reduce the risk of recurrent prolapse. Urography, 
voiding cystography, dynamic colpocystodefecography, sonogra-
phy, and MRI are each useful for the evaluation of pelvic prolapse 
and pelvic fl oor relaxation.

MRI can demonstrate the levator muscles in three-
dimensional fashion, providing details about herniation during 
straining, muscle thickness, and asymmetry. MRI allows 
complete analysis of the anterior, middle, and posterior pelvic 
compartments in a single procedure without the use of ioniz-
ing radiation. Differentiation among soft tissues is excellent, 
anatomic information is accurate, and no contrast agent is 
needed. The advent of rapid sequencing with cine stacking 
has enabled MRI to replace dynamic colpocystoproctography at 
many institutions, providing not only superb differentiation 
among fl uid-fi lled, air-fi lled, and solid pelvic viscera but also a 
functional demonstration of all three pelvic compartments 
during relaxation and straining. As dynamic MRI becomes more 
widespread, standardization of the technique will become more 
important.
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Chapter 57

URODYNAMIC EVALUATION OF 
THE PATIENT WITH PROLAPSE
Sender Herschorn

Symptoms caused by pelvic organ prolapse may or may not be 
specifi c to the prolapsing compartment or compartments, and 
the correlation of many pelvic symptoms with the extent of pro-
lapse is weak.1,2 Many women with pelvic organ prolapse have no 
symptoms, especially if the prolapse remains inside the vagina.3 
Others present with symptoms in addition to the vaginal bulge, 
as a result of the associated organ dysfunction. It is recommended 
that symptoms be elucidated in four primary areas: lower urinary 
tract, bowel, sexual symptoms, and other local symptoms.4 Docu-
mentation of symptoms not only serves as a guide to treatment 
but also permits an accurate assessment of post-treatment 
results.

There is general agreement that the aim of urodynamic testing 
is to reproduce symptoms of the patient under controlled and 
measurable conditions. Ideally, this allows diagnosis, helps with 
informed treatment choice, and improves treatment outcome. 
Specifi cally, the testing identifi es or excludes contributing factors 
to incontinence or voiding dysfunction and assesses their relative 
importance.5 However, the role of urodynamics in the evaluation 
of symptoms related to prolapse is not yet fully established. A 
recent Cochrane review attempted to test the hypotheses that 
urodynamic testing improves the clinical outcome of inconti-
nence management, that it alters clinical decision-making, and 
that one type of test is better than another in these areas.6 Only 
two trials were found, but the numbers of patients were too small 
to determine whether clinical outcomes were affected by the uro-
dynamics. This chapter reviews the various tests that are available 
and may be helpful in patient evaluation.6

LOWER URINARY TRACT SYMPTOMS

Urinary incontinence is one of the most common symptoms 
associated with prolapse. Blaivas and Groutz7 described the clini-
cal evaluation in detail. However, the specifi c symptoms and their 
impact on the patient’s quality of life should be elucidated in each 
case.

Urinary symptoms may include stress incontinence; symp-
toms of bladder overactivity, such as frequency, nocturia, urgency, 
and urgency incontinence; and voiding symptoms such as diffi -
culty with bladder emptying. The mechanisms for stress incon-
tinence include hypermobility and intrinsic sphincter defi ciency. 
It is not unusual for patients to present with a combination of 
urge and stress incontinence.8,9 If both symptoms are present, the 
patient has mixed incontinence.10 Mixed incontinence is especially 
common in older women. Often, however, one symptom (urge 
or stress) is more bothersome to the patient than the other. 

Identifying the most bothersome symptom is important in tar-
geting diagnostic and therapeutic interventions.

Many women with severe prolapse recall that, as the prolapse 
worsened, their stress incontinence symptoms improved. Reduc-
ing the vaginal prolapse with a pessary or a speculum during the 
examination by the clinician can produce stress incontinence 
in up to 80% of clinically continent patients with severe pro-
lapse.11-14 This phenomenon has been termed latent, masked, 
occult, or potential stress incontinence, and it should be elicited 
when considering therapy. Although the clinical experience 
reported refers primarily to cystocele, occult incontinence may 
also be unmasked in a similar manner in patients with severe 
middle or posterior compartment prolapse. The postulated 
mechanism for continence may be urethral kinking by the cysto-
cele or external compression of the urethra.15

Other storage symptoms, such as frequency, nocturia, and 
urgency, have been listed as symptoms of prolapse,16 although the 
mechanism is unknown and there are frequently other associated 
factors. Urge incontinence may also be present. However, urge 
incontinence is a common complaint in patients without organ 
prolapse, may or may not be the result of detrusor overactivity,17 
and becomes more prevalent with aging. Patients with advanced 
organ prolapse and urge incontinence have also been shown to 
have detrusor overactivity15 that may resolve after surgical cor-
rection of the prolapse.13,18 The mechanism is unclear; however, 
many of those patients may have outfl ow obstruction caused by 
the prolapse that is alleviated after repair. Nguyen and Bhatia 
reported resolution of urgency incontinence after pelvic prolapse 
repair in patients who had no obstruction preoperatively.18

A number of tools are now available to aid the clinician in 
elucidating the symptoms and their impact on quality of life, to 
gain as accurate a picture as possible. These tools include ques-
tionnaires, voiding diaries, and pad tests, which are also used to 
evaluate treatment outcomes.19

Diffi cult voiding symptoms are common with severe prolapse 
and should be elicited. Patients with prolapse may have urethral 
kinking or external pressure on the urethra that not only prevents 
incontinence but also may cause diffi cult voiding.15 They occa-
sionally have to digitally reduce the prolapse to void (splinting) 
or need to assume unusual positions to initiate or complete mic-
turition.4 Urinary splinting has been reported to be 97% specifi c 
for severe anterior prolapse.20

Urodynamic abnormalities with decreased urofl ow, increased 
postvoid residual urine,21 and bladder outlet obstruction have 
been reported.15,22,23 The degree of obstruction may be related to 
the severity of the prolapse.15 Acute urinary retention secondary 
to the prolapse is rarely seen.24

586
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INITIAL EVALUATION OF URINARY SYMPTOMS

The initial evaluation includes a history, physical examination, 
urinalysis, and measurement of postvoid residual urine.25 The 
basic evaluation may be satisfactory for proceeding with treat-
ment, including surgery, for patients with straightforward 
stress incontinence associated with hypermobility and normal 
postvoid residual volume.10 However, the International Scientifi c 
Committee of the Third International Consultation on Urinary 
Incontinence advised that urodynamic testing is highly recom-
mended for women who desire interventional treatment,25 
although the specifi c chapter indicates the lack of evidenced-
based medicine for this recommendation.5 Furthermore, Diokno 
and coworkers26 showed that a systematic history, vaginal specu-
lum examination and postvoid residual measurement were 
100% accurate in identifying patients who had pure type II 
stress incontinence on urodynamic studies. Other groups 
have shown a positive correlation of symptoms and urodynamic 
fi ndings,27,28 potentially bypassing the need for urodynamic 
studies in many patients.29,30 Investigators have also shown that 
symptoms are not always related to the actual dysfunction causing 
the incontinence demonstrated on urodynamics.31-35 As men-
tioned previously, the actual role of urodynamics in case selection 
and in predicting the continence outcome of surgery is still 
unknown.36

There are many instances in which a basic clinical evaluation 
is insuffi cient. The Agency for Health Care Research and Quality 
(formerly the Agency for Health Care Policy and Research) 
published guidelines in 1996 that are still relevant.10 Criteria for 
further evaluation of incontinence include 

■ uncertain diagnosis and inability to develop a reasonable 
treatment plan based on the basic diagnostic evaluation

■ uncertainty in diagnosis when there is lack of correlation 
between symptoms and clinical fi ndings

■ failure to respond or patient dissatisfaction with an ade-
quate therapeutic trial and patient desire to pursuefurther 
therapy

■ consideration of surgical intervention, particularly if 
previous surgery failed or the patient is a high surgical 
risk

■ hematuria without infection
■ the presence of other comorbid conditions, such as incon-

tinence associated with recurrent symptomatic urinary 
tract infection

■ persistent symptoms of diffi cult bladder emptying
■ history of previous anti-incontinence surgery or radical 

pelvic surgery
■ symptomatic pelvic prolapse beyond the hymen
■ abnormal postvoid residual urine volume
■ a neurologic condition, such as multiple sclerosis or spinal 

cord lesions or injury.

Additional testing includes urodynamics but may also include 
cystoscopy and imaging.

Urodynamics in the Patient with Prolapse

For good urodynamic practices, the reader is referred to the 
International Continence Society (ICS) publication that reviews 
current standards for carrying out urofl owmetry, fi lling cystom-
etry, and pressure-fl ow studies.37

Urinary Flow Rate
A urinary fl ow rate is a simple urodynamic test that can provide 
objective and quantitative measures on both storage and voiding 
symptoms.37 The curve is either continuous or intermittent. The 
continuous fl ow curve is smooth and arc-shaped or a fl uctuating 
(if there are multiple peaks during a period of continuous urine 
fl ow). The precise shape of the curve is determined by detrusor 
contractility, the presence of abdominal straining, and the bladder 
outlet.38

The parameters of urofl owmetry include the following38:

■ Flow rate is defi ned as the volume of fl uid expelled via the 
urethra per unit time (mL/sec).

■ Voided volume is the total volume expelled via the urethra.
■ Maximum fl ow rate (Qmax) is the maximum measured value 

of the fl ow rate after correction for artefacts.
■ Voiding time is the total duration of micturition (i.e., includ-

ing interruptions). If voiding is completed without interrup-
tion, voiding time is equal to fl ow time.

■ Flow time is the time over which measurable fl ow actually 
occurs.

■ Average fl ow rate (Qave) is voided volume divided by the fl ow 
time. The average fl ow should be interpreted with caution if 
fl ow is interrupted or if there is a terminal dribble.

■ Time to maximum fl ow is the elapsed time from onset of fl ow 
to maximum fl ow.

The Liverpool Nomogram (Fig. 57-1) was created in 1989 by 
Haylen and colleagues, who plotted voided volume against peak 
fl ow (Qmax) in 249 normal women.39 Normal peak fl owranges 
between 12 and 30 mL/sec, depending on the voided volume 
(Fig. 57-2). Average fl ow rates vary from 6 to 25 mL/sec, with a 
substantial overlap between normal and abnormal individuals.40 
Voiding time varies, from 10 to 20 seconds for a volume of 
100 mL to 25 to 35 seconds for a volume of 400 mL. The fi rst 
half of the urinary volume is rapidly evacuated in the fi rst one 
third of the total voiding time, and the rest in the remaining two 
thirds of the voiding period.41 Arbitrary criteria have been set by 
a number of authors to diagnose voiding diffi culty, including 
peak fl ow less than 15 mL/sec and residual urine greater than 
50 mL with a minimum total bladder volume of 150 mL before 
the void (volume voided + residual).15,42 The 10th percentile 
curve of the Liverpool Nomogram has also been identifi ed as a 
useful discriminant in the diagnosis of voiding diffi culties.43

Bottacini and colleagues44 reported that women with stress 
incontinence void with a lower fl ow rate than healthy women; 
however, other investigators have demonstrated the opposite: 
women with stress incontinence void with a higher fl ow rate 
because of the reduced outlet resistance.44

Urofl owmetry fi ndings (peak fl ow rate, average fl ow rate, and 
voided volume) in prolapse have been described to be signifi -
cantly lower than in normal controls.29 Cystocoele is signifi cantly 
more frequent in patients with voiding diffi culties and abnormal 
urofl owmetry.35 Valentini and colleagues26 demonstrated a con-
strictive effect on outfl ow in women with varying degrees of 
cystocele. A poor fl ow rate and elevated residual urine may be 
associated with large cystoceles.41

In general, an abnormal pattern is generated in the presence 
of a weak detrusor, abdominal straining, or bladder outlet 
obstruction. Although urodynamic catheters have less effect on 
voiding patterns in females than in males, it is still useful to 
obtain a urinary fl ow rate on arrival of the patient, to compare 
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with fl ow data generated during the subsequent urodynamic 
study. After the initial fl ow is completed, a postvoid residual can 
also be determined on introduction of the urodynamic 
catheters.

Urine Flow Meters
Flow meters are commonly of one of three types: weight, elec-
tronic dipstick, or rotating disc.45 The fi rst measures the weight 
of the collected urine; the second measures the changes in electri-
cal capacitance of a dipstick mounted in the collecting chamber; 
and the third measures the power required to keep a disc rotating 
at a constant speed while the urine, which tends to slow it down, 
is directed toward it. All three can provide high sensitivity and 
reproducibility of data. A commode chair with urofl ow measur-
ing apparatus is shown in Figure 57-3.

Cystometry
The fi rst part of the fi lling study is cystometry, the method by 
which the pressure-volume relationship of the bladder is mea-
sured.38 It is used to assess detrusor sensation, capacity, and activ-
ity. The detrusor pressure (Pdet) is calculated by subtraction of 
the abdominal pressure (Pabd), as measured by a balloon in the 
rectum, vagina, or bowel stoma, from the total intravesical pres-
sure (Pves), as measured by the intravesical catheter. The resulting 
detrusor pressure refl ects the activity and pressure generated by 
the detrusor muscle alone. Artifacts in the Pdet may be produced 
by intrinsic rectal contractions.46

Filling rates in the past were described as slow, medium, or 
fast. Currently, the fi lling rate is classifi ed as physiologic or non-
physiologic, and the actual rate should be specifi ed.38 Most studies 
in non-neurologic patients are done with medium fi ll rates of 50 
to 100 mL/min.

Bladder storage function should be noted with bladder sensa-
tion (normal; fi rst sensation of fi lling; fi rst and strong desire to 
void; increased, reduced, or absent bladder sensation; bladder 
pain; and urgency), detrusor overactivity, bladder compliance, 
and capacity.38 The terminology to describe detrusor activity has 
been standardized by the ICS.38 Detrusor overactivity is character-
ized by spontaneous or provoked involuntary detrusor contrac-
tions during fi lling. Although an involuntary contraction was 
originally defi ned as a minimum pressure rise of 15 cm H2O,47 

Figure 57-1 The Liverpool Nomogram showing maximum (Top) 
and average (Bottom) fl ow for women.39

Figure 57-2 Normal fl ow curve for a voided volume of 350 mL 
with maximum fl ow (Qmax) of 27 mL/sec. (Modifi ed from Lose G: 
Urethral pressure measurements. In Cardozo L, Staskin D [eds]: 
Textbook of Female Urology and Urogynaecology. London: Isis 
Medical Media, 2001, pp 215-226.)

Figure 57-3 Commode chair for urofl ow measurement.
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there is presently no lower limit for the amplitude of an invol-
untary contraction (Fig. 57-4).38 If leakage is detected in associa-
tion with an involuntary detrusor contraction, it is termed 
detrusor overactivity incontinence. Detrusor overactivity can be 
further characterized into idiopathic and neurogenic detrusor 
overactivity. Idiopathic detrusor overactivity describes involuntary 
detrusor contractions of unknown etiology and has replaced the 
term “detrusor instability.” An involunatary detrusor contrac-
tion secondary to an underlying neurologic condition is neuro-
genic detrusor overactivity, which has replaced “detrusor 
hyperrefl exia.”38

Another type of overactive bladder dysfunction is reduced 
compliance. Bladder compliance is defi ned as the change in pres-
sure for a given change in volume. It is calculated by dividing 
the volume change by the change in detrusor pressure during 
that change in bladder volume, and it is expressed as milliliters 
per centimeters of water pressure (see Fig. 57-4B).38 Normal 
bladder compliance is high, and in the laboratory the normal 
pressure rise is less than 6 to 10 cm H2O.48 Low bladder com-
pliance implies a poorly distensible bladder. The actual numeric 
values to indicate normal, high, or low compliance have yet to 
be defi ned.38

The fi nding of detrusor overactivity on cystometry is impor-
tant if it correlates with the clinical condition of the patient. 
Idiopathic detrusor overactivity has been reported in 30% to 35% 
of patients with stress incontinence undergoing surgery. It 
resolves in most such patients after repair and may not have a 
signifi cant impact on outcome.49,50 Alternatively, if the patient’s 
symptoms are primarily from bladder overactivity, or other 
factors predisposing to abnormal bladder behavior are present, 
the cystometric fi ndings will infl uence treatment. These predis-
posing factors include a history of radiation, chronic bladder 
infl ammation, indwelling catheter, chronic infection, chemo-
therapy, voiding dysfunction after pelvic surgery, and other neu-
rologic conditions.

Urethral Function Tests
The normal urethral closure mechanism maintains a positive 
urethral closing pressure during bladder fi lling, even in the pres-
ence of increased abdominal pressure. An incompetent mecha-
nism allows leakage in the absence of a detrusor contraction.38 
Two urodynamic tests have been used to depict urethral compe-
tence: the Valsalva or abdominal leak point pressure (VLPP or 
ALPP) and the urethral pressure profi le (UPP).

Leak Point Pressures
The VLPP is the intravesical pressure that exceeds the continence 
mechanism resulting in a leakage of urine in the absence of a 
detrusor contraction.38 The test is performed by a progressive 
Valsalva maneuver or cough.51 VLPP tests the strength of the 
urethra. The study is performed with the patient in the sitting or 
standing position with at least 150 to 200 mL of fl uid in the 
bladder. Historically, a VLPP of less than 60 cm H2O was evi-
dence of signifi cant intrinsic sphincter defi ciency (ISD), between 
60 and 90 cm H2O suggested a component of ISD, and greater 
than 90 cm H2O suggested minimal ISD with leakage mainly due 
to hypermobility.48 Currently, no prospective studies have shown 
that VLPP less than 60 cm H2O can accurately diagnose ISD. 
Although the VLPP may be reproducible,52 it has not yet been 
standardized.5

There are limitations to a VLPP. If the patient’s Valsalva effort 
is inadequate, urinary leakage may not be seen, and a VLPP 

measurement cannot be determined. The presence of a catheter 
in the urethra may prevent incontinence.53 Furthermore, a cys-
tocele or other prolapsing segment may produce inferior pressure 
on an incompetent urethra that prevents incontinence or falsely 
elevates the VLPP. If a cystocele is present, the VLPP should be 
repeated with the prolapse reduced by insertion of a vaginal pack 
or pessary.

The detrusor or bladder leak point pressure (DLPP) is the 
lowest detrusor pressure (Pdet) on cystometry at which urinary 
leakage occurs during bladder fi lling in the absence of a detrusor 
contraction or increased abdominal pressure.38 This parameter is 
used to investigate and monitor patients with neurogenic and 
low-compliance bladders. In general, patients with a DLPP 
greater than approximately 25 to 30 cm H2O are at risk for upper 
tract deterioration from refl ux or obstruction.54,55 In these 
patients, it is necessary to assess compliance as well. A high DLPP 
indicates poor compliance with urethral obstruction, whereas a 
low DLPP is seen in patients with incompetent urethras. In order 
to demonstrate poor compliance in these patients. fi lling may be 
done with a Foley catheter to obstruct the outlet.56

Urethral Pressure Profi le
Urethral pressure is defi ned as the fl uid pressure needed to just 
open a closed urethra. The urethral pressure measurements 
recorded are38

■ urethral pressure profi le (UPP), a graph indicating the intralu-
minal pressure along the length of the urethra

■ maximum urethral closure pressure (MUCP), the maximum 
difference between the urethral pressure and the intravesical 
pressure

■ functionalprofi le length, the length of the urethra along which 
the urethral pressure exceeds intravesical pressure in women

■ pressure transmission ratio, the increment in urethral pressure 
on stress as a percentage of the simultaneously recorded 
increase in intravesical pressure

Intraluminal urethral pressure may be measured with the 
subject at rest, with the bladder at any given volume; during 
coughing or straining; and  during voiding.57 Measurements can 
be made at one point in the urethra over a period of time (con-
tinuous urethral pressure recording) or as a UPP. A mechanical 
retracting puller that is synchronized with the chart or digital 
recorder allows measurement of anatomic distances in the 
profi le.

Two types of UPP may be measured: Resting UPP (Fig. 
57-5A), with the bladder and subject at rest, and stress UPP (see 
Fig. 57-5B), with a defi ned applied stress (e.g., cough, strain, 
Valsalva maneuver). 

The simultaneous recording of both intra-urethral (Pura) and 
intravesical (Pves) pressure enables calculation of urethral closure 
pressure (i.e., Pura − Pves). The three main methods for UPP mea-
surement are perfused catheters with side holes, catheter-tip 
transducer catheters, and balloon catheters. Recordings of pro-
fi le parameters must be repeated several times to verify 
reproducibility.58

An MUCP of less than 20 cm H2O (“low-pressure urethra”) 
has been reported to be predictive of poor outcome of conven-
tional bladder neck suspension procedures59 and has been called 
a predictor of ISD.58 However, the MUCP alone does not provide 
any information about the integrity of the bladder neck or pro-
ximal urethra, and it can be highly variable as a result of invol-
untary contractions of the smooth and striated muscles of the 
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A

B
Figure 57-4 A, Detrusor overactivity. The uninhibited contraction at the end of the fi lling phase leads to leakage (detrusor overactivity 
incontinence). EMG, electromyograhic tracing; Pabd, abdominal pressure; Pdet, detrusor pressure; Pves, intravesical pressure. B, Reduced bladder 
compliance. As the bladder is fi lled, the detrusor pressure rises by 50 cm H2O (ΔPdet) while the increase in bladder volume (ΔV) is 150 mL. 
The compliance (ΔV/ΔPdet) is 3 mL/cm H2O, which is much lower than the normal range of at least 30 mL/cm H2O. Griffi ths D, Kondo A, 
Bauer S, et al: Dynamic testing. In Abrams P, Khoury S, Wein A (eds): Incontinence: Third International Consultation. Paris, France: Health 
Publications, 2005, pp 585-673.
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10 to 52 cm H2O). However, despite this variability, the mean 
MUCP was less in stress-incontinent patients than in non–stress-
incontinent women, sometimes signifi cantly so and sometimes 
not. Some of the variations are the result of different patient 
populations, and others are the result of technical errors. A 
weighted averaging of the mean values suggests that a normal 
(±SD) MUCP is about 54 ± 25 cm H2O. In stress-incontinent 
women, the corresponding fi gure is 39 ± 24 cm H2O. Clearly, 
there is so much overlap that it has been impossible to defi ne a 
cutoff level that allows differentation between women with and 
without stress incontinence.5

Stress profi les show greater variability than static variables do. 
The within-subject standard deviation for the pressure transmis-
sion ratio varies between 13% and 18.5% (95% confi dence limits 
up to ± 37%) in published reports. The coeffi cient if variation 
has been estimated to be 20% (95% confi dence limits, ± 39%).

Maximum urethral pressure (MUP), like MUCP, also declines 
with aging.60

There clearly are limitations to the test that prevent it from 
providing reliable pathophysiologic information.5

In summary, although the VLPP under ideal circumstances 
may indicate the severity of stress urinary incontinence, it is not 
clear whether it is more useful than clincal grading,5 and, although 
UPP measurements may be interesting as a research tool, their 
practical applicability is still to be determined.

Pressure-Flow Studies
Pressure-fl ow studies are designed to provide dynamic informa-
tion on the emptying phase of lower urinary tract function. 
Obstruction is not common in women61 but may be found after 
surgical correction of stress urinary incontinence or, less com-
monly, with detrusor sphincter dyssynergia, non-neurogenic 
voiding dysfunction, and, rarely, stricture disease. Interference 
with voiding may also be associated with pelvic organ prolapse. 
There are no established nomograms to depict pressure-fl ow 
relationships in women as there are in men (although one has 
been proposed62), but the pattern of high detrusor pressure and 
low urinary fl ow indicates obstruction (Fig. 57-6). Simultaneous 
cystography can demonstrate the level of obstruction.

Detrusor pressure during voiding is characteristically low in 
women. A preoperative study that demonstrates a low detrusor 
pressure with a low fl ow rate may aid in counseling the patient 
about postoperative urinary retention after stress incontinence 
surgery. The urodynamic defi nition of obstruction in women is 

A

B

Figure 57-5 A, Resting urethral pressure profi le. (Modifi ed from 
Lose G: Urethral pressure measurements. In Cardozo L, Staskin D 
[eds]: Textbook of Female Urology and Urogynaecology. London: 
Isis Medical Media, 2001, pp 215-226.) B, Urethral pressure profi le 
during coughs in a continent woman. The bottom trace shows the 
bladder response to a series of coughs (Pves). The middle trace 
shows the corresponding urethral responses (Pura) while the 
measuring catheter is slowly withdrawn out of the bladder and 
through the urethra. The top trace shows the difference between 
the middle and the bottom traces. The pressure transmission ratio 
(PTR) is the increment in urethral pressure on stress as a percentage 
of the simultaneously recorded increase in intravesical pressure: 
(ΔPura/ΔPves × 100%). (Modifi ed from Lose G: Urethral pressure 
measurements. In Cardozo L, Staskin D [eds]: Textbook of Female 
Urology and Urogynaecology. London: Isis Medical Media, 2001, 
pp 215-226.)

urethral sphincter, possibly provoked by the catheter itself. Fur-
thermore, the size, stiffness and type of catheter, rate of perfu-
sion, patient position, and bladder volume affect the pressure 
readings.5

A variety of values of MUCP have been obtained by different 
authors in normal and abnormal female populations.5 They have 
several notable features. The fi rst is the intercenter variability in 
the values reported, with mean MUCP varying from 36 to 101 
cm H2O in subjects without stress incontinence. The second is 
the large intersubject standard deviation in most studies (from 
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different than in men. A cutoff value of 12 mL/sec or less 
maximum fl ow rate and a detrusor pressure at maximum fl ow 
of 25 cm H2O or more, in conjunction with high clinical suspi-
cion, provides good predictive value.63

Electromyography
Sphincter electromyography (EMG) during videourodynamics is 
used to examine striated sphincter activity during fi lling and 
voiding. These are termed kinesiologic studies, and they can be 
performed with surface electrodes, vaginal or anal probes, or 
needles. Normal sphincter EMG activity has characteristic audio 
quality that may be monitored simultaneously. Its most impor-
tant role is the identifi cation of abnormal sphincter activity in 
patients with neurogenic bladder dysfunction and in those with 
behavioral voiding dysfunction.64 The fl uoroscopy component, 
however, can demonstrate detrusor external sphincter dyssyner-
gia in patients with suprasacral lesions and can show urethral 
obstruction in patients with dysfunctional voiding. EMG record-
ings are not usually necessary in routine videourodynamics for 
incontinence in women who have no neurologic abnormalities. 
Artifacts can occur secondary to room appliances, fl uorescent 
lights, defective insulation, and patient movement.48

Videourodynamics

Videourodynamics is a diagnostic tool that incorporates urody-
namics with simultaneous imaging of the lower urinary tract. The 
incorporation of radiologic visualization of the lower urinary 
tract during bladder fi lling and voiding is useful for determining 
the site of bladder outlet obstruction, the integrity of the sphinc-
ter mechanism, and the presence of vesicoureteral refl ux, bladder 
diverticula, fi stulas, and trabeculation.40 Urodynamics was fi rst 

synchronized with cineradiography in the early 1950s through 
the pioneering efforts of E. R. Miller.65,66 The initial goal was to 
minimize the radiation exposure to the patient during cystoure-
thrography. Originally, patient exposure to radiation was high 
when movies were taken, but with the advent of image intensifi -
ers, video transduction, and, later, videotape recording, the 
patient exposure was reduced. This permitted bursts of continu-
ous activity to be recorded during critical phases of lower urinary 
tract activity without overexposing the patient. Today, most 
studies can be done with less than 1 minute of fl uoroscopy time.48 
These developments have contributed to the wealth of informa-
tion about lower urinary tract function and dysfunction. Modern 
videourodynamic techniques incorporate fl uoroscopy, and the 
urodynamic machine has evolved from a strip chart recorder to 
a microcomputer.

Videourodynamic studies are not necessary in every patient, 
and simpler studies frequently provide enough information to 
adequately delineate and treat the dysfunction. Videourodynamic 
studies are benefi cial if simultaneous evaluation of function and 
anatomy is needed to provide detailed information about the 
whole or parts of the storage and emptying phases. Common 
indications well suited for videourodynamic evaluation include 
complex incontinence, in which the history does not fi t with the 
fi ndings on preliminary investigations; incontinence in women 
with previous anti-incontinence surgery; and incontinence in the 
face of a neurologic abnormality.

Aside from the minimal radiation exposure to the patient, the 
only disadvantage of videourodynamics is its cost. This is a result 
of the time and effort of the personnel required and the expense 
of the equipment, which may limit its utility to larger centers with 
larger patient populations. The cost can, however, be justifi ed 
by the utility of videourodynamics in solving complicated 
problems.

Figure 57-6 A and B, Videourodynamic study of a 62-year-old woman with urgency, frequency, and slow stream after multiple urethral 
dilatations. The study shows a normal bladder on fi lling, with no overactivity. Her voiding pressure exceeds 170 cm H2O, and her fl ow rate 
is low. There is a urethral stricture visible (arrow in B) with proximal urethral dilatation.
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Components of Videourodynamics
A typical arrangement for videourodynamic studies includes a 
multichannel recorder, a fl ouroscopy unit with a table that can 
be positioned in the supine and upright positions, and a fl ow 
meter (Figs. 57-7 and 57-8). A commode seat attachment facili-
tates fl uoroscopic screening of voiding in the seated position, 
which is ideal for women. Most modern systems are computer 
based, which allows for complex analysis to be performed.

Multichannel Recorder
Because the procedure involves measuring simultaneous pres-
sures during both phases of lower urinary tract function and fl ow 
during the voiding phase, a multichannel recorder is necessary. 
Many systems are available,67 most of which have dispensed with 
a strip chart output in favor of television monitor display of the 
procedure.

The choice of components of the study is up to the individual 
clinician. Figure 57-8 illustrates possible inclusions. The channels 
demonstrating volume of fl uid instilled and volume voided are 

helpful but not essential, as these values can be measured manu-
ally. The sphincter EMG channel is not necessary for routine 
clinical practice but can be helpful in patients with neurologic 
disease; its inclusion introduces another level of complexity and 
sophistication.

For a review of the currently recommended urodynamic tech-
nique of pressure measurements the reader is referred to the 
article of Schaeffer and colleagues describing “Good Urodynamic 
Practices.”37

Fluoroscopy
A good-quality fl uoroscopy unit with a high-resolution image 
intensifi er and a table that can function in both the supine and 
the erect position is required. Fluoroscopic images are obtained 
selectively during the fi lling and voiding study and are either super-
imposed on the pressure-fl ow tracing or displayed on a separate 
screen. The fl uoroscopic images can be stored and reproduced 
individually or as continuous clips during key parts of the study. 
A recording of the procedure can be made for subsequent review.

Because the contrast medium instilled into bladder is unlikely 
to be absorbed, we use the less expensive high-osmolality contrast 
media. A dilute solution of 1 L of Hypaque is prepared by the 
pharmacy and supplied in sterile intravenous bags.

Videourodynamic Technique
The patient reports for the study with a full bladder, and a fl ow 
rate is obtained. The equipment is zeroed, and the transducer is 
placed at a height adjacent to the upper edge of the patient’s 
symphisis pubis. Either a double-lumen catheter or two 8-Fr 
feeding tubes (one for fi lling, which is removed before the voiding 
study, and one for pressure measurements) are inserted into the 
bladder. Residual urine is measured. The rectal catheter is a 
42-cm 14-Fr tube with a balloon over the tip. If desired, EMG 
recording devices may be applied to the patient.

The study is conducted by a urodynamics specialist who is 
present in the room, communicates with the patient throughout 
the procedure, and records the fi ndings manually and electroni-
cally. A supine or semioblique fi lling study is carried out, various 
measurements are taken during the study, and responses to actions 
such as Credé, cough, and Valsalva maneuvers are recorded. The 
fi lling rate is no longer divided into slow, medium, or fast but 
rather is described as physiologic or nonphysiologic.38 In practice, 
most clinicians use a medium fi ll rate of 50 to 75 mL/min.46 
A commonly used method is to fi ll the bladder supine and then 
stand the patient up for provocative manoeuvres.

During the study, recordings are made of bladder images in 
the fi lling phase in the supine and/or upright position (see Fig. 
57-8). Anteroposterior (AP) and oblique views are obtained. The 
AP position permits documentation of refl ux and its extent, and 
in the oblique position the course of the urethra can be seen 
separate from a cystocele. Notation is made of the bladder outline, 
the appearance of the bladder neck at rest, and its position rela-
tive to the inferior margin of the symphysis at rest and with 
straining and coughing. Leakage of urine with overactivity, 
decreased compliance, or leakage with various stress maneuvers 
is recorded. In the upright position, the presence of a cystocele 
and its relationship to the urethra are also noted. If the patient is 
able to void in front of the camera, the voiding phase (or parts 
of it) are recorded, along with the pressures and fl ow tracings. If 
the patient is unable to void with the catheters in place, they are 
removed, and a fl ow rate and voided volume are measured. Total 
fl uoroscopy time is usually less than 1 minute.

Figure 57-7 Diagram of a videourodynamic suite. The patient is in 
the upright position after the fi lling catheter has been removed. She 
will be asked to cough and strain to demonstrate stress 
incontinence and then to void. The left arrow indicates the 
multichannel recorder, and the right arrow indicates the 
transducers.

Figure 57-8 Schematic diagram of videourodynamic setup.
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The recorded study provides an opportunity for the case to be 
reviewed and discussed. All of the events of the study are recorded 
and displayed on the monitor during the study. The urodynamics 
machine is usually equipped with the capability of compressing 
the study so that it can be viewed on an ordinary letter-size sheet 
of paper.

Urinary Incontinence
The main advantage of fl uoroscopic imaging during the urody-
namic study is to obtain an anatomic view of the function or 
dysfunction. The technique is ideally suited to the evaluation 
of incontinence. A useful anatomic/radiologic classifi cation of 
female incontinence, devised by Blaivas,68 is described in Table 
57-1 and illustrated in Figure 57-9. We use this classifi cation to 
determine the radiologic abnormality and add to it the informa-
tion from the VLPP and the position of the urethra in relation 
to the cystocele to describe the functional problem. Each of the 
urodynamic tracings in the fi gures described in the next few 
paragraphs is shown in full with annotations made during the 
study. The video recordings depicting parts of the studies were 
obtained from a video printer connected to the fl uoroscopy 
equipment.

Type I abnormalities are illustrated in Figure 57-10; the patient 
had a VLPP of 62 cm H2O and minimal hypermobility. The 
patient in Figure 57-11 had a VLPP of more than 120 cm H2O 
on straining during upright fi lling. At the end of fi lling, a cough 
caused a large leak without much hypermobility and appeared to 
be accompanied by a small bladder contraction. This indicated 
that the patient had stress incontinence as well as cough-induced 
overactivity.

Figures 57-12 thru 57-14 demonstrate type IIa abnormalities. 
The patient in Figure 57-12 has a high VLPP without any appre-
ciable cystocele. In Figure 57-13, the patient has an involuntary 
detrusor contraction with incontinence in the upright position 
and a high VLPP. The patient shown in Figure 57-14 has a grade 

II cystocele that appears with straining; she probably has mainly 
a lateral defect.

Type IIb abnormalities are shown in Figures 57-15 thru 57-17. 
The bladder neck in Figure 57-15 is seen well below the lower 
margin of the symphysis and is associated with a grade II cysto-
cele. Because the bladder neck is above the base of the cystocele 
but below the lower margin of the symphysis, the patient most 
likely has a combined central and lateral defect. In Figure 57-16, 
the large cystocele is not associated with demonstrable stress 
incontinence, despite coughing and straining pressures greater 
than 100 cm H2O. It appears to be primarily a central defect. 
Clinical examination must include reducing the cystocele and 
checking for stress incontinence. The patient in Figure 57-17 has 
a combined central and lateral defect. She has marked detrusor 
overactivity with leakage, but stress incontinence is not demon-
strated, most likely because of the compressive effect of the 
cystocele.

Type III incontinence or pure ISD is demonstrated by the 
patient in Figure 57-18. Her bladder neck is open at rest, no 
appreciable descent is seen with coughing or straining, and her 
VLPP is low at 59 cm H2O.

Videourodynamic and fl uoroscopic studies, in addition to 
demonstrating incontinence and degree of hypermobility, may 
also allow characterization of the type of cystocele (see Fig. 
57-15).

Obstruction
Although outfl ow obstruction is uncommon in females, it is 
occasionally seen. The patient in Figure 57-6 had an iatrogenic 
and functionally signifi cant urethral obstruction that was treated 
with a visual internal urethrotomy and subsequent long-term 
self-dilation.

Pitfalls of Videourodynamics

Patient cooperation, comfort, and compliance are necessary to 
obtain a meaningful and relevant study. Occasionally, an appre-
hensive patient has a vasovagal refl ex and faint when the table is 
moved from the supine to the upright position, and the study 
cannot be completed. Moreover, stress incontinence may not be 
demonstrated in an anxious patient.

Of 2259 studies that we reviewed in our laboratory for neu-
rologically normal women whose chief complaint was stress 
incontinence, we were unable to demonstrate stress incontinence 
on fl uoroscopy in 630 (28%). It is also diffi cult for many patients 
to void in front of the camera with catheters in the bladder and 
rectum and observers watching them. In our series, only 1348 
patients (59.7%) were able to void, and some of these did so with 
abdominal straining. The others were unable to void during the 
procedure, and the voiding data was obtained from the urofl ow 
measurements.

To optimize visibility of the lower urinary tract on fl uoros-
copy, patient positioning must be correct. However, visibility 
may be poor or absent with very obese patients. The clinician 
must also maintain a dialogue with the patient to image crucial 
events, because the patient must relay changes in sensation during 
fi lling and may be the fi rst to sense incontinence.

The radiation equipment must be well maintained and 
undergo regular maintenance and safety inspections. The failure 
to maintain equipment may lead to inaccurate results. Because 
fl uoroscopy time is short, radiation exposure to the patient is 
inconsequential; however, the clinician should use radiation pro-
tection, including aprons and thyroid shields.

Table 57-1 Radiologic Type of Stress Incontinence

Type Description

0 Vesical neck and proximal urethra closed at rest and 
situated at or above the lower end of the symphysis 
pubis. They descend during stress, but incontinence 
is not seen.

I Vesical neck closed at rest and well above the inferior 
margin of the symphysis. During stress, the vesical 
neck and proximal urethra are open and descend 
less than 2 cm. Incontinence is seen.

IIa Vesical neck closed at rest and above the inferior 
margin of the symphysis. During stress, the vesical 
neck and proximal urethra open and descend more 
than 2 cm. Incontinence is seen.

IIb Vesical neck closed at rest and at or below the inferior 
margin of the symphysis. During stress, there may 
or may not be further descent but as the proximal 
urethra opens incontinence is seen.

III Vesical neck and proximal urethra are open at rest. 
The proximal urethra no longer functions as a 
sphincter. There is obvious urinary leakage with 
minimal increases in intravesical pressure.

From Blaivas JG, Olsson CA: Stress incontinence: Classifi cation and surgi-
cal approach. J Urol 139:727-731, 1988.

Ch057-X2339.indd   594 1/31/2008   2:43:29 PM



 Chapter 57 URODYNAMIC EVALUATION OF THE PATIENT WITH PROLAPSE 595

Other pitfalls relate to the urodynamic aspects and are 
similar to those previously outlined by O’Donnell.69 Standardized 
terminology to communicate results and concepts should 
always be used.38 The testing procedures and equipment should 
be compatible with commonly accepted methodologies. The 
value and limitations of each measurement must be realized; 
for example, the VLPP may not be useful in the presence of 
a large prolapsing cystocele. To confi rm reliability within a 
particular laboratory, it is necessary to have a high test-retest 

correlation of studies. The validity of a test refers to its ability to 
measure what it is supposed to measure. The clinician must 
always be aware of the how the test in question compares to a 
“gold standard” test, which in urodynamics may be diffi cult 
to establish. The urodynamic studies should correlate with 
other clinical data. The voiding history, physical examination, 
endoscopic examination, and videourodynamic evaluation 
should serve to validate one another and strengthen the clinical 
assessment.

A B

DC
Figure 57-9 Schematic diagrams of the radiologic images obtained from women with the various types of female stress urinary incontinence. 
A, Type I. The bladder neck is closed at rest and is well above the inferior margin of the symphysis. During stress, the bladder neck and 
proximal urethra open and descend less than 2 cm, and incontinence is seen. B, Type IIa. The bladder neck is closed at rest and is above the 
inferior margin of the symphysis. During stress, the bladder neck and proximal urethra open and descend more than 2 cm. Incontinence is 
seen. C, Type IIb. The bladder neck is closed at rest and is at or below the inferior margin of the symphysis. During stress, there may or may 
not be further descent, but as the proximal urethra opens, incontinence is seen. D, Type III. The bladder neck and proximal urethra are open 
at rest. The proximal urethra no longer functions as a sphincter. There is obvious urinary leakage with minimal increases in intravesical 
pressure. (From Blaivas JG, Groutz A: Urinary incontinence: Pathophysiology, evaluation, and management overview. In Walsh PC, RetikAB, 
Vaughan ED Jr, Wein AJ [eds]: Campbell’s Urology, 8th ed. Philadelphia: Saunders, 2000, pp 1027-1052.)
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Figure 57-10 A through C, Videourodynamic study of a 64-year-old gravida 0, para 0 woman with type I stress incontinence. She had a 
bladder capacity of more than 300 mL. The bladder neck was slightly open at rest (A). With coughing, there was a small amount of descent 
and Valsalva leak point pressure was 62 cm H2O. She had no apparent cystocele, and her voiding phase was normal.

Figure 57-11 A through D, Videourodynamic study of a 74-year-old gravida 2, para 2 woman with type I stress incontinence. The bladder 
neck is slightly open at rest (A). In the upright position (B), leaks occur with straining and a Valsalva leak point pressure of 122 cm H2O is 
recorded. On coughing (C), leaking is followed by a detrusor contraction (arrow). Voiding is normal (D).
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Figure 57-12 A and B, Videourodynamic study of a 47-year-old gravida 1, para 1 woman with type IIa stress incontinence. Her bladder 
neck is open at rest (A). Leakage and hypermobility are seen with coughing (B).

Figure 57-13 A through C, Videourodynamic study of a 52-year-old gravida 2, para 2 woman with a type IIa abnormality who complained 
of both stress and urgency incontinence. The bladder neck is slightly open at rest (A). She has an involuntary detrusor contraction (arrow) 
on upright fi lling that results in incontinence (B). With straining, leaking occurred, with a Valsalva leak point pressure of more than 140 cm 
H2O (C).
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Figure 57-14 A and B, Videourodynamic study of a 64-year-old gravida 2, para 2 woman with type IIa stress incontinence. Her bladder 
neck is well supported on upright fi lling (A). With straining, leaking occurs with a Valsalva leak point pressure of 144 cm H2O, and a 
cystocele is demonstrated (B). She most likely has mainly a lateral defect.

Figure 57-15 A and B, Videourodynamic study of a 62-year-old gravida 5, para 5 woman with type IIb stress incontinence. Her bladder 
neck (arrow) on fi lling (A) is below the lower margin of the inferior symphysis, and a cystocele is seen. She most likely has a combined 
central and lateral defect. She has leakage with coughing (B) and a Valsalva leak point pressure of 62 cm H2O on straining.

Ch057-X2339.indd   598 1/31/2008   2:43:31 PM



 Chapter 57 URODYNAMIC EVALUATION OF THE PATIENT WITH PROLAPSE 599

Figure 57-16 Videourodynamic study of a 75-year-old gravida 1, para 1 woman with a large cystocele. Although she complained of stress 
incontinence, it is not visible on this study. The bladder neck (arrow) is at the lower margin of the symphysis. The cystocele appears 
primarily to be a central defect. Clinical evaluation must include reducing the cystocele and testing for stress incontinence.

Figure 57-17 Videourodynamic study of an 81-year-old gravida 1, para 1 woman with a central and lateral defect. The bladder neck is 
below the symphysis (arrow on image). She has marked detrusor overactivity on supine and upright fi lling (arrows on graph). Although she 
complained of stress incontinence in addition to urge incontinence, it is not demonstrated on this study.
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Figure 57-18 A and B, Videourodynamic study of a 69-year-old gravida 3, para 3 woman with type III abnormality after two previous stress 
incontinence repairs. Her bladder neck is open at rest (arrow in A). There is almost no urethral movement on straining (B), and her Valsalva 
leak point pressure is 59 cm H2O.

ROLE OF URODYNAMICS IN PREDICTING OCCULT 
STRESS INCONTINENCE IN WOMEN DUE TO BE 
TREATED FOR PROLAPSE

The problem of occult stress incontinence in women due to be 
treated for prolapse was reviewed in the recent Third Interna-
tional Consultation on Urinary Incontinence.5 It has been 
reported that 11% to 22% of continent women undergoing 
vaginal repair for large cystocele develop stress incontinence after 
surgical repair.70,71 Therefore, it would be helpful to have a test 
that predicts for the occurrence of occult stress incontinence, if 
stress incontinence has not been present preoperatively, either 
symptomatically or by reducing the prolapse. According to 
the literature, advanced age, incontinence before development 
of pelvic organ prolapse, and extensive dissection at the time 
of the repair seem to increase the risk of postoperative 
incontinence.

There are a number of studies that report the fi nding of 
unmasked stress incontinence on videourodynamic testing in 
25% to 83% of patients.72,73 Low-pressure urethras are also seen 
after prolapse reduction in 20% to 56% of individuals13,73; 
however, stress profi les are not particularly reliable measures. 
Urethral hypermobility is correlated with the degree of prolapse,15 
as is detrusor overactivity revealed by prolapse reduction.

The literature emphasizes the importance of urodynamic 
assessment with prolapse reduction to assess occult stress incon-
tinence and possibly detrusor overactivity.72,74-76 However, there 
are no studies assessing reproducibility or testing whether incon-
tinence revealed by prolapse reduction occurs after surgery if no 

procedures are done to prevent it. The prophylactic use of the 
Pereyra or Kelly procedure does not reduce the risk of posto-
perative incontinence.77-79 In a recently reported randomized, 
prospective study,80 concomitant Burch colposuspension was 
shown to signifi cantly reduce the incidence of postoperative 
stress incontinence after abdominal sacropcolpopexy. Before 
surgery, about 36% of both groups had occult stress incontinence 
on urodynamics. Postoperatively, the control group had an 
incidence of 24.5%, compared with 6.1 in the colposuspension 
group (P < .0001). In those patients with no leakage detected 
on urodynamics preoperatively, the Burch procedure reduced 
the postoperative incidence from 38.2% to 20.8% (P = .0007).

Questions remain about the reproducibility and predictability 
of urodynamics in prolapse. In the randomized controlled trial 
just described, Burch colposuspension signifi cantly reduced 
postoperative stress incontinence regardless of the preoperative 
urodynamic fi ndings.80 Another study concluded that urody-
namic testing before prolapse surgery was not cost-effective.76 
Therefore, we do not have a consistently reliable test that identi-
fi es and determines appropriate management of occult stress 
urinary incontinence.5

CONCLUSION

Detailed clinical assessment of the patient with prolapse is essen-
tial in deciding therapy. Urodynamic studies provide additional 
information about the various symptoms of which the patient 
may or may not be complaining. Urofl owmetry and postvoid 
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residual urine measurement are good screening tests for voiding 
dysfunction. More invasive testing may be helpful in many cases, 
including those involving complex or recurrent symptoms. 
Although there are benefi ts of urodynamic studies, in that the 

lower urinary tract problem may be more clearly elucidated, 
overall there still exists a lack of evidence of reproducibility and 
predictive value in assigning treatments and determining 
outcomes.

References

 1. Mouritsen L, Larsen JP: Symptoms, bother and POPQ in women 
referred with pelvic organ prolapse. Int Urogynecol J Pelvic Floor 
Dysfunct 14:122-127, 2003.

 2. Burrows LJ, Meyn LA, Walters MD, Weber AM: Pelvic symptoms 
in women with pelvic organ prolapse. Obstet Gynecol 104(5 Pt 1):
982-988, 2004.

 3. Swift SE, Tate SB, Nicholas J: Correlation of symptoms with degree 
of pelvic organ support in a general population of women: What is 
pelvic organ prolapse? Am J Obstet Gynecol 189:372-377; discussion 
377-379, 2003.

 4. Bump RC, Mattiasson A, Bo K, et al: The standardization of termi-
nology of female pelvic organ prolapse and pelvic fl oor dysfunction. 
Am J Obstet Gynecol 175:10-17, 1996.

 5. Griffi ths D, Kondo A, Bauer S, et al: Dynamic testing. In Abrams P, 
Khoury S, Wein A (eds): Incontinence: Third International Consul-
tation. Paris, France: Health Publications, 2005, pp 585-673.

 6. Glazener CM, Lapitan MC: Urodynamic investigations for manage-
ment of urinary incontinence in adults. Cochrane Database Syst Rev 
3:CD003195, 2002.

 7. Blaivas JG, Groutz A: Urinary incontinence: Pathophysiology, evalu-
ation, and management overview. In Walsh PC, Retik AB, Vaughan 
ED Jr, Wein AJ (eds): Campbell’s Urology, 8th ed. Philadelphia: 
Saunders, 2000, pp 1027-1052.

 8. McGuire EJ: Bladder instability and stress incontinence. Neurourol 
Urodyn 7:563-567, 1988.

 9. Fantl JA, Wyman JF, McClish DK, Bump RC: Urinary incontinence 
in community-dwelling women: Clinical, urodynamic, and severity 
characteristics. Am J Obstet Gynecol 162:946-951; discussion 951-
942, 1990.

10. Fantl JA, Newman DK, Colling J, et al: Urinary Incontinence in 
Adults: Acute and Chronic Management. Clinical Practice Guideline 
No. 2 Update. AHCPR Publication No. 96-0682. Rockville, MD: 
U.S. Department of Health and Human Services, Public Health 
Service, Agency for Health Care Policy and Research, March 1996.

11. Fianu S, Kjaeldgaard A, Larson B: Preoperative screening for latent 
stress incontinence in women with cystocele. Neurourol Urodyn 4:3, 
1985.

12. Bump RC, Fantl JA, Hurt WG: The mechanism of urinary conti-
nence in women with severe uterovaginal prolapse: Results of barrier 
studies. Obstet Gynecol 72(3 Pt 1):291-295, 1988.

13. Rosenzweig B, Pushkin S, Blumenfeld D, Bhatia N: Prevalence of 
abnormal urodynamic test results in continent women with severe 
genitourinary prolapse. Obstet Gynecol 79:539-542, 1992.

14. Romanzi LJ: Management of the urethral outlet in patients with 
severe prolapse. Curr Opin Urol 12:339-344, 2002.

15. Romanzi LJ, Chaikin DC, Blaivas JG: The effect of genital prolapse 
on voiding. J Urol 161:581-586, 1999.

16. American College of Obstetricians and Gynecologists: Pelvic organ 
prolapse. ACOG Technical Bulletin No. 214. Washington, DC: 
ACOG; 1995.

17. Fantl JA, Wyman JF, McClish DK, et al: Effi cacy of bladder training 
in older women with urinary incontinence. JAMA 265:609-613, 
1991.

18. Nguyen JK, Bhatia NN: Resolution of motor urge incontinence after 
surgical repair of pelvic organ prolapse. J Urol 166:2263-2266, 
2001.

19. Donovan J, Bosch R, Gotoh M, et al: Symptom and quality of life 
assessment. In Abrams P, Cardozo L, Khoury S (eds): Incontinence 
3rd International Consultation. Paris: Health Publications, 2005, 
pp 519-584.

20. Tan JS, Lukacz ES, Menefee SA, et al: Predictive value of prolapse 
symptoms: A large database study. Int Urogynecol J Pelvic Floor 
Dysfunct 16:203-209; discussion 209, 2005.

21. Coates KW, Harris RL, Cundiff GW, Bump RC: Urofl owmetry in 
women with urinary incontinence and pelvic organ prolapse. Br J 
Urol 80:217-221, 1997.

22. Nitti VW, Tu LM, Gitlin J: Diagnosing bladder outlet obstruction 
in women. J Urol 161:1535-1540, 1999.

23. Chassagne S, Bernier PA, Haab F, et al: Proposed cutoff values to 
defi ne bladder outlet obstruction in women. Urology 51:408-411, 
1998.

24. Klarskov P, Andersen JT, Asmussen CF, et al: Acute urinary reten-
tion in women: A prospective study of 18 consecutive cases. Scand 
J Urol Nephrol 21:29-31, 1987.

25. Abrams P, Andersson KE, Brubaker L, et al: Recommendations of 
the International Scientifi c Committee: Evaluation and treatment of 
urinary incontinence, pelvic organ prolapse and faecal incontinence. 
In Abrams P, Cardozo L, Khoury S, Wein A (eds). Third Interna-
tional Consultation on Urinary Incontinence. Paris: Health Publica-
tions, 2005, pp 1589-1630.

26. Diokno AC, Dimaculangan RR, Lim EU, Steinert BW: Offi ce based 
criteria for predicting type II stress incontinence without further 
evaluation studies. J Urol 161:1263-1267, 1999.

27. Nitti VW, Combs AJ: Correlation of Valsalva leak point pressure 
with subjective degree of stress urinary incontinence in women. 
J Urol 155:281-285, 1996.

28. Lemack GE, Zimmern PE: Predictability of urodynamic fi ndings 
based on the Urogenital Distress Inventory-6 questionnaire. Urology 
54:461-466, 1999.

29. Lemack GE, Zimmern PE: Identifying patients who require urody-
namic testing before surgery for stress incontinence based on ques-
tionnaire information and surgical history. Urology 55:506-511, 
2000.

30. Weber AM, Taylor RJ, Wei JT, et al: The cost-effectiveness of pre-
operative testing (basic offi ce assessment vs. urodynamics) for stress 
urinary incontinence in women. BJU Int 89:356-363, 2002.

31. Bergman A, Bader K: Reliability of the patient‘s history in the diag-
nosis of urinary incontinence. Int J Gynaecol Obstet 32:255-259, 
1990.

32. Versi E, Cardozo L, Anand D, Cooper D: Symptoms analysis for the 
diagnosis of genuine stress incontinence. Br J Obstet Gynaecol 
98:815-819, 1991.

33. Haeusler G, Hanzal E, Joura E, et al: Differential diagnosis of 
detrusor instability and stress-incontinence by patient history: 
The Gaudenz-Incontinence-Questionnaire revisited. Acta Obstet 
Gynecol Scand 74:635-637, 1995.

34. Amundsen C, Lau M, English SF, McGuire EJ: Do urinary symptoms 
correlate with urodynamic fi ndings? J Urol 161:1871-1874, 1999.

35. Weidner AC, Myers ER, Visco AG, et al: Which women with stress 
incontinence require urodynamic evaluation? Am J Obstet Gynecol 
184:20-27, 2001.

36. Lemack GE: Urodynamic assessment of patients with stress incon-
tinence: How effective are urethral pressure profi lometry and 
abdominal leak point pressures at case selection and predicting 
outcome? Curr Opin Urol 14:307-311, 2004.

37. Schafer W, Abrams P, Liao L, et al: Good urodynamic practices: 
Urofl owmetry, fi lling cystometry, and pressure-fl ow studies. 
Neurourol Urodyn 21:261-274, 2002.

38. Abrams P, Cardozo L, Fall M, et al. The standardisation of terminol-
ogy of lower urinary tract function: Report from the Standardisation 

Ch057-X2339.indd   601 1/31/2008   2:43:32 PM



602 Section 7 FEMALE ORGAN PROLAPSE

Sub-committee of the International Continence Society. Neurourol 
Urodyn 21:167-178, 2002.

39. Haylen BT, Ashby D, Sutherst JR, et al: Maximum and average urine 
fl ow rates in normal male and female populations: The Liverpool 
nomograms. Br J Urol 64:30-38, 1989.

40. Blaivas JG: Techniques of evaluation. In Yalla SV, McGuire EJ, 
Elbadawi A, Blaivas JG (eds): Neurourology and Urodynamics: Prin-
ciples and Practice. New York: MacMillan, 1988.

41. Kondo A, Mitsuya H, Torii H: Computer analysis of micturition 
parameters and accuracy of urofl owmeter. Urol Int 33:337-344, 
1978.

42. Costantini E, Mearini E, Pajoncini C, et al: Urofl owmetry in female 
voiding disturbances. Neurourol Urodyn 22:569-573, 2003.

43. Haylen BT, Law MG, Frazer M, Schulz S: Urine fl ow rates and 
residual urine volumes in urogynecology patients. Int Urogynecol J 
Pelvic Floor Dysfunct 10:378-383, 1999.

44. Lemack GE, Baseman AG, Zimmern PE: Voiding dynamics in 
women: A comparison of pressure-fl ow studies between asymptom-
atic and incontinent women. Urology 59:42-46, 2002.

45. Massey A, Abrams P: Urodynamics of the female lower urinary tract. 
Urol Clin North Am 12:231-246, 1985.

46. Abrams P, Blaivas JG, Stanton SL, Andersen JT: Standardisation of 
of lower urinary tract function. Neurourol Urodyn 7:403-427, 
1988.

47. Bates P, Bradley WE, Glen E, et al: The standardization of terminol-
ogy of lower urinary tract function. Eur Urol 2:274-276, 1976.

48. Webster GD, Guralnick MS: The neurourologic evaluation. In 
Walsh PC, Retik AB, Vaughan ED Jr, Wein AJ (eds). Campbell’s 
Urology, 8th ed. Philadelphia: WB Saunders, 2002, pp 900-930.

49. Awad SA, Flood HD, Acker KL: The signifi cance of prior anti-
incontinence surgery in women who present with urinary incon-
tinence. J Urol 140:514-517, 1988.

50. McGuire EJ, Lytton B, Kohorn EI, Pepe V: The value of urodynamic 
testing in stress urinary incontinence. J Urol 124:256-258, 1980.

51. McGuire EJ, Fitzpatrick CC, Wan J, et al: Clinical assessment of 
urethral sphincter function. J Urol 150(5 Pt 1):1452-1454, 1993.

52. McGuire EJ, Leng WW: Leak-point pressures. In Cardozo L, Staskin 
D (eds): Textbook of Female Urology and Urogynaecology. London: 
Isis Medical Media, 2001, pp 225-237.

53. Maniam P, Goldman HB: Removal of transurethral catheter during 
urodynamics may unmask stress urinary incontinence. J Urol 
167:2080-2082, 2002.

54. McGuire EJ, Woodside JR, Borden TA, Weiss RM: Prognostic value 
of urodynamic testing in myelodysplastic patients. J Urol 126:205-
209, 1981.

55. Blaivas JG: Cystometry. In Blaivas JG (ed): Atlas of Urodynamics. 
Baltimore: Williams and Wilkins, 1996, pp 31-47.

56. Woodside JR, McGuire EJ: Technique for detection of detrusor 
hypertonia in the presence of urethral sphincteric incompetence. 
J Urol 127:740-743, 1982.

57. Lose G, Griffi ths D, Hosker G, et al: Standardisation of urethral 
pressure measurement: Report from the Standardisation Sub-Com-
mittee of the International Continence Society. Neurourol Urodyn 
21:258-260, 2002.

58. Lose G: Urethral pressure measurements. In Cardozo L, Staskin D 
(eds): Textbook of Female Urology and Urogynaecology. London: 
Isis Medical Media, 2001, pp 215-226.

59. Sand PK, Bowen LW, Panganiban R, Ostergard DR: The low pres-
sure urethra as a factor in failed retropubic urethropexy. Obstet 
Gynecol 69(3 Pt 1):399-402, 1987.

60. Schick E, Tessier J, Bertrand PE, et al: Observations on the function 
of the female urethra: I. Relation between maximum urethral closure 
pressure at rest and urethral hypermobility. Neurourol Urodyn 
22:643-647, 2003.

61. Farrar D, Warwick RT: Outfl ow obstruction in the female. Urol Clin 
North Am 6:217-225, 1979.

62. Groutz A, Blaivas JG, Chaikin DC: Bladder outlet obstruction in 
women: Defi nition and characteristics. Neurourol Urodyn 19:213-
220, 2000.

63. Defreitas GA, Zimmern PE, Lemack GE, Shariat SF: Refi ning diag-
nosis of anatomic female bladder outlet obstruction: Comparison of 
pressure-fl ow study parameters in clinically obstructed women with 
those of normal controls. Urology 64:675-679; discussion 679-681, 
2004.

64. Fowler C: Electromyography. In Blaivas JG (ed): Atlas of Urody-
namics. Baltimore: Williams and Wilkins, 1996, pp 60-76.

65. Enhoerning G, Miller ER, Hinman F Jr: Urethral closure studied 
with cineroentgenography and simultaneous bladder-urethra pres-
sure recording. Surg Gynecol Obstet 118:507-516, 1964.

66. Miller E: The beginnings. Urol Clin North Am 6:7-9, 1979.
67. Blaivas JG: Deciding on the right urodynamic equipment. In Blaivas 

JG (ed): Atlas of Urodynamics. Baltimore: Williams and Wilkins, 
1996, pp 19-28.

68. Blaivas JG, Olsson CA: Stress incontinence: Classifi cation and surgi-
cal approach. J Urol 139:727-731, 1988.

69. O’Donnell PD: Pitfalls of urodynamic testing. Urol Clin North Am 
18:257-268, 1991.

70. Beck RP, McCormick S, Nordstrom L: A 25-year experience with 
519 anterior colporrhaphy procedures. Obstet Gynecol 78:1011-
1018, 1991.

71. Borstad E, Rud T: The risk of developing urinary stress-incontinence 
after vaginal repair in continent women: A clinical and urodynamic 
follow-up study. Acta Obstet Gynecol Scand 68:545-549, 1989.

72. Versi E, Lyell DJ, Griffi ths DJ: Videourodynamic diagnosis of occult 
genuine stress incontinence in patients with anterior vaginal wall 
relaxation. J Soc Gynecol Investig 5:327-330, 1998.

73. Veronikis DK, Nichols DH, Wakamatsu MM: The incidence of low-
pressure urethra as a function of prolapse-reducing technique in 
patients with massive pelvic organ prolapse (maximum descent at 
all vaginal sites). Am J Obstet Gynecol 177:1305-1313; discussion 
1313-1304, 1997.

74. Ghoniem GM, Walters F, Lewis V: The value of the vaginal pack test 
in large cystoceles. J Urol 152:931-934, 1994.

75. Marinkovic SP, Stanton SL: Incontinence and voiding diffi culties 
associated with prolapse. J Urol 171:1021-1028, 2004.

76. Weber AM, Walters MD: Cost-effectiveness of urodynamic testing 
before surgery for women with pelvic organ prolapse and stress 
urinary incontinence. Am J Obstet Gynecol 183:1338-1346; discus-
sion 1346-1337, 2000.

77. Gordon D, Groutz A, Wolman I, et al: Development of postopera-
tive urinary stress incontinence in clinically continent patients 
undergoing prophylactic Kelly plication during genitourinary pro-
lapse repair. Neurourol Urodyn 18:193-197; discussion 197-198, 
1999.

78. Colombo M, Maggioni A, Scalambrino S, et al: Surgery for genito-
urinary prolapse and stress incontinence: A randomized trial of 
posterior pubourethral ligament plication and Pereyra suspension. 
Am J Obstet Gynecol 176:337-343, 1997.

79. Bump RC, Hurt WG, Theofrastous JP, et al: Randomized pro spective 
comparison of needle colposuspension versus endopelvic fascia 
plication for potential stress incontinence prophylaxis in women 
undergoing vaginal reconstruction for stage III or IV pelvic 
organ prolapse. The Continence Program for Women Research 
Group. Am J Obstet Gynecol 175:326-333; discussion 333-325, 
1996.

80. Brubaker L, Cundiff GW, Fine P, et al: Abdominal sacrocolpopexy 
with Burch colposuspension to reduce urinary stress incontinence. 
N Engl J Med 354:1557-1566, 2006.

Ch057-X2339.indd   602 1/31/2008   2:43:32 PM



Chapter 58

NONSURGICAL TREATMENT OF 
VAGINAL PROLAPSE: DEVICES FOR 
PROLAPSE AND INCONTINENCE
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NONSURGICAL TREATMENT OF VAGINAL PROLAPSE

Surgery for pelvic fl oor disorders such as stress urinary inconti-
nence and pelvic organ prolapse (POP) is aimed at restoring or 
improving the function of the pelvic organs. By its nature, such 
functional surgery cannot be guaranteed to restore continence 
and support to its original state. Up to one third of surgeries for 
pelvic fl oor disorders fail.1 Given these facts, many women are 
interested in nonsurgical options for vaginal prolapse that offer 
less risk and expense. Once fi tted, patients are immediately aware 
of whether the device is comfortable and whether it is effective 
in treating the condition. Although use of these devices should 
not be viewed as a permanent solution for prolapse, many women 
successfully use them for many years without much bother. 
Such devices are widely available but require some professional 
intervention to determine correct use and fi t, similar to fi tting a 
contraceptive diaphragm. Little has been published on the use of 
vaginal devices for prolapse, possibly because there is no industry 
support for (or profi t from) conducting properly controlled 
clinical trials.

Indications for Pessary Use

Indications for a pessary in the management of POP include 
patient desire for nonsurgical management of the condition. 
Traditionally, this group of patients has included those few 
women who are unable to undergo surgical management because 
of medical problems. But there are many women who might be 
interested in a pessary, because it manages the prolapse without 
the need to undergo surgery. In our practice, pessaries are used 
successfully in women who cannot take time off for surgery, such 
as mothers with small children at home and women with busy 
careers outside the home.

Willingness to use a vaginal device may be cultural, especially 
in areas where contraceptive diaphragms are used. Prashar and 
colleagues2 found that only a fi fth of 104 women who presented 
to a community continence clinic in Australia felt very comfort-
able about inserting a device into the vagina (and half felt uncom-
fortable). In our practice at the University of Utah, most women 
who are believed to be good candidates for a pessary trial are 
readily fi tted and can demonstrate removal and replacement of 
the device. Clemons and colleagues3 successfully fi tted three-
quarters of patients with POP with a pessary. It has even been 
suggested that use of a pessary longer than 1 year may have some 
therapeutic effect, in that a minority of users have an improve-
ment in prolapse stage.4

Patient Selection

In addition to a patient’s interest in nonsurgical management, 
there are physical factors that favor use of a pessary. The best 
clinical situation is an anterior and/or apical defect (cystocele, 
uterine prolapse, vaginal vault prolapse) in a woman with ade-
quate vaginal capacity, a narrow pubic arch, and good pelvic fl oor 
strength. This is because the ventral edge of a pessary is held 
behind the pubic rami, and a wide arch would allow extrusion of 
the device. Likewise, the dorsal edge of the pessary is braced by 
the pelvic fl oor muscles. In the absence of these factors, one must 
consider the use of pessaries that utilize suction or infl ation (see 
later discussion). An isolated posterior wall defect (rectocele) is 
more diffi cult to manage with a pessary, because the force vectors 
act to extrude the pessary. If the vaginal capacity is reduced after 
surgery, a narrower pessary may be needed (e.g., oval, Hodge, 
cube). Other reported risk factors for pessary failure include a 
shortened vagina and a wide levator hiatus.3

Selection of a Pessary

Vaginal pessaries have been used for many centuries, but improve-
ments in materials and design have increased the usefulness of 
these devices for prolapse. Most are made of silicone (latex-free), 
are fl exible to allow easier placement and removal, and should 
last for several years with proper care. Sources for vaginal pessa-
ries are listed in Table 58-1.

Supportive Pessaries
Supportive pessaries (which depend on some levator muscle 
support to stay in place) include the Gehrung, Hodge, and Schatz 
designs, as well as rings and ovals with support. Although indi-
vidual practices may vary, fl exible ring pessaries and Gelhorn 
pessaries are used most commonly. Members of the American 
Urogynecologic Society (AUGS) were surveyed by Cundiff and 
colleagues,5 and more than three quarters of respondents reported 
that they tailored the pessary to the defect. A ring pessary was 
more common for anterior and apical defects, a Gelhorn was 
more common for large Stage III and IV prolapse, and a donut 
pessary was used for posterior defects. Twenty-two percent of 
respondents used the same pessary, usually a ring pessary, for all 
support defects. One questionnaire study of gynecologists 
reported that ring and donut pessaries were the types most com-
monly used.6 In a tertiary referral practice in Texas, Sulak and 
colleagues7 used a Gelhorn pessary in 96 of 107 women with 
symptomatic POP. Because many of the women desiring pessary 
use have stage II prolapse, the pessary we use most at the 
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University of Utah is the ring with support in sizes 3 and 4 (size 
refers to diameter in centimeters.)

Supportive pessaries are the easiest pessaries to use because 
they fold to a smaller dimension for insertion. Many of them, 
because they are similar to a contraceptive diaphragm, permit 
coitus while wearing the device. Perhaps because they are easier 
to manage, supportive pessaries may not be suffi cient to support 
large prolapses. Pessaries are easiest to insert lying down, easiest 
to remove standing up, and may require digital bracing per 
vaginum during bowel movements. Some women have diffi culty 
removing the pessary, and in the past some pessaries came with 
removal strings that became malodorous over time. Instead, we 
recommend tying a strand of dental fl oss around the ring, so that 
the pessary can be pulled out by the fl oss, and renewing the fl oss 
each time.

Space-Occupying Pessaries
Space-occupying pessaries include the cube, donut, Gelhorn, and 
infl atoball. These pessaries are more diffi cult to insert and remove, 
but they work in situations in which other devices would be 
extruded: with larger prolapse, poor pelvic fl oor strength, or 
wider pubic arch. Of these, we use the donut and the Gelhorn 
with the most frequency. The donut is simply pushed into the 
vagina quickly, and it is easiest to use in women without signifi -
cant atrophy or scarring. The Gelhorn is held by the knob, aligned 
along an almost vertical axis (but sparing the urethra) and rapidly 
inserted, then adjusted so that the knob faces the introitus or 
posterior distal vagina. We have not found that pinching the 
fl exible disk of the Gelhorn makes much difference to the relative 
discomfort with which this pessary is placed. To remove the 
Gelhorn, an index fi nger should be inserted to break the slight 
suction seal of the disk in the vagina, and the thumb and index 
fi nger of the other hand may grasp and pull the knob. Occasion-
ally, we use a ring forceps to grasp the knob and bring it to the 
introitus. Although insertion and removal of the Gelhorn sounds 
daunting, it is a highly successful pessary for large prolapses, and 
with practice this pessary is inserted and removed on a regular 
basis in many patients. The cube has a relative suction effect and 
may be effective in cases of lax vaginal walls, but it generates sig-
nifi cant discharge and in our experience is more prone to exco-
riation and ulceration than other pessaries. The infl atoball is 

pumped up with a small bulb and is similarly prone to excoria-
tion unless care is taken.

Care and Long-Term Use of a Vaginal Pessary

Postmenopausal women may benefi t from vaginal estrogen. This 
has little systemic absorption, may increase vaginal skin thickness 
and tolerance of the device, and is best given as a vaginal pill 
(Vagifem 25 μg, Novo Nordisk, Princeton, NJ) once nightly for 
10 nights, then twice weekly thereafter. After an initial follow-up 
examination to demonstrate effi cacy and self-management, 
women who manage their own pessary without diffi culty may be 
seen annually. Women may need to brace the device digitally 
during straining for bowel movements to prevent extrusion. A 
device that is easily dislodged or uncomfortable is not satisfactory 
and should be removed and replaced.

Care of a vaginal pessary depends on the type used. Because 
it is easy to remove and reinsert, we recommend that women 
remove the ring pessary at least weekly, wash it with soap and 
water, leave it out overnight, and then reinsert in the morning. 
In our experience, women rarely encounter excessive or mal-
odorous vaginal discharge using this approach and therefore 
have little use for creams other than estrogen. Space-occupying 
pessaries are sometimes diffi cult for a woman to remove on 
her own. In such cases, we try to individualize the intervals 
between insertions. We may ask a patient with a donut or 
Gelhorn device to return for reexamination within a few 
weeks. If discharge is minimal and no erosions are present, we 
examine next at 4 weeks and then at increased intervals. The 
appropriate pessary interval is either a maximum of 3 months or 
the interval at which foul-smelling discharge or early erosions 
appear.

For women who can remove and replace their own pessaries, 
we schedule a follow-up evaluation within 1 month of placement 
and then monitor the patient annually, depending on her comfort 
level. For women who retain the pessary for several months at a 
time, we believe that a visual inspection of the vagina should 
occur at least twice yearly. It is important to examine the anterior 
and posterior vaginal walls during the examination (by turning 
the speculum 90 degrees), as well as the obvious lateral walls that 
are visible when the speculum is placed in the usual fashion. This 

Table 58-1 Sources for Vaginal Pessaries

Web Site Address Description

http://www.milexproducts.com/products/pessaries Milex Products 
Online Catalog??

Source for many continence devices, including continence dish, 
rings, other pessaries with knobs, and so on.

http://www.urology.coloplast.com/pelvic-organ-prolapse/evacare
EvaCare formerly prod. by Mentor, not Coloplast; Mentor bought 

DesChutes incontinence line in 2000, maybe sold it now?; 
site has only breast info & press releases re these items. 
www.urology.coloplast.com/bladder-control/incontinence-
women/index.htm??

Patient information source for EvaCare continence devices 
including continence dish. Source for intravaginal continence 
devices.

http://www.augs.org Web site for the American Urogynecologic Society, with sites 
for members and patients. For bladder diaries and bladder 
retraining, click on information for women, diagnostic and 
treatment information on overactive bladder/urge 
incontinence. Information on pelvic fl oor muscle training 
(Kegel exercises) is also available.
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vaginal inspection is not only important in preventing erosions 
from the pessary, but it can offset the poor compensation for 
pessary placement in individual practices. If an area of redness 
or erosion is seen, the patient is asked to remove the device more 
often, use vaginal estrogen, and even consider leaving the device 
out for a week or two.

Clinical Outcomes

Several series have demonstrated that POP can be managed with 
pessary use. In one study by Wu and colleagues,8 of the 62 women 
that used a pessary for more than 1 month, 66% were still using 
it after 12 months. In Sulak’s series,7 half of women continued to 
use the pessary at the time of manuscript preparation (average 
duration of use, 16 months).

Clemons and coworkers9 (2004) prospectively evaluated 
women with symptomatic POP, and 73 of 100 women were satis-
fi ed with their pessary at 1 week. At 2 months, only 3% of women 
endorsed feeling a bulge, compared to 90% at baseline. Other 
symptoms that improved included pressure, discharge, and 
splinting. One third of women had urge incontinence at baseline; 
this improved in 54%. Twenty-three percent had voiding diffi -
culty at baseline, which improved in half. At 2 months, 92% were 
either very or somewhat satisfi ed with their pessary. Ring pessa-
ries were used more with stage II and III prolapse (100% and 
71%, respectively), whereas Gelhorn pessaries were used more 
with stage IV prolapse (64%, P < .001). Factors associated with 
long-term pessary use included older age (76 versus 61 years; 
P < .001) and poor surgical risk (26% versus 0%; P = .03). 
Characteristics that were associated with women going on to 
surgery were sexual activity, the presence of stress incontinence 
(a coexisting problem that may not be helped by a vaginal pessary 
for prolapse), and desire for surgery at the fi rst visit. Age 65 
years was the best cutoff value for continued pessary use, with a 
sensitivity of 95% (95% confi dence interval [CI], 84% to 99%) 
and a positive predictive value of 87% (95% CI, 74% to 94%). 
Logistic regression demonstrated that age greater than or equal 
to 65 years (P < .001), stage III-IV posterior vaginal wall prolapse 
(P = .007), and desire for surgery (P = .04) were independent 
predictors

In contrast, other researchers have found that pessary use is 
acceptable to women who are sexually active. Brincat and col-
leagues10 reviewed 136 women who initiated pessary treatment 
for POP or urinary incontinence over a 2-year period. Of the 60% 
of women who became long-term pessary users, those who were 
more likely to continue pessary use were those who were using 

the pessary for treatment of prolapse and those who were sexually 
active.

Recommendations for Initiating Pessary Use

Wu and colleagues8 recommended a simple management strategy 
in which a fl exible ring pessary with support was the fi rst pessary 
tried, and 70% of patients were successfully fi tted with a size 3, 
4, or 5 ring. In Utah, many urologists and gynecologists keep a 
few simple pessaries in their practice for fi tting. A number 3 or 
4 ring pessary with support can be inserted, and, if appropriate, 
a prescription can be written and the pessary ordered through a 
pharmacy. The fi tting pessary can then be sterilized for refi tting. 
Alternatively, a few high-volume urogynecologic practices keep 
large numbers of pessary types and sizes. Once fi tted, patients 
return to their clinician for long-term management. This practice 
is more feasible for pessaries such as the Gelhorn. If the patient 
is postmenopausal, a 2- to 3-week course of vaginal estrogen is 
recommended, and a pessary may be ordered in the interval for 
placement in the offi ce.

NONSURGICAL TREATMENT OF 
URINARY INCONTINENCE

In women, treatment of urge urinary incontinence (overactive 
bladder) is primarily pharmacologic and behavioral. Although 
stress urinary incontinence can be treated surgically, many 
women choose nonsurgical options such as intravaginal devices 
and new pharmacologic treatments. Both types of urinary incon-
tinence may benefi t from lifestyle interventions, physical therapy, 
biofeedback, bladder retraining, and behavioral modifi cations. 
Mixed urge and stress incontinence is sometimes treated as two 
separate entities, although there is increasing evidence that both 
components of mixed incontinence may respond to treatments 
aimed at a single type of incontinence, such as anticholinergics/
antimuscarinics and combination selective serotonin/norepi-
nephrine reuptake inhibitors (SSRI/NERIs). A consensus confer-
ence on urinary incontinence was sponsored by the World Health 
Organization in 2001, and levels of evidence for many of nonsur-
gical treatments were summarized by Wilson and associates11 
(Table 57-2). We consider here the use of devices for stress 
urinary incontinence.

Intravaginal devices work by creating a “backstop” at the level 
of the bladder neck. Devices that have been studied include a 
short super tampon inserted just inside the vagina, a Hodge 
pessary placed backward and upside down, and a variety of 

Table 58-2 Device and Pharmacologic Treatments for Urinary Incontinence

Device or Treatment Effi cacy Effort Evidence

Continence devices
Intravaginal (pessary-like) devices Moderate to high Low to moderate Scant 1-2
Occlusive urethral devices (not currently marketed) Moderate Low to moderate Level 3-4
Intraurethral devices (not currently marketed) High Moderate Level 2-3

Pharmacologic treatments
Of overactive bladder Moderate Low but expensive Level 1
Of stress urinary incontinence Moderate Low, no cost estimates Level 1
Of mixed urinary incontinence Moderate Low Level 1

Adapted from Wilson D, et al., 2002.
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continence devices manufactured by several companies who also 
manufacture pessaries for prolapse (Table 57-3). Additionally, 
there are several disposable intravaginal devices that are not yet 
available for use in the United States. These devices are easy to 
use and seem to have moderately good effi cacy, especially for the 
woman with predictable stress incontinence, who may use such 
devices when exercising or for that week of coughing from a bad 
cold. Use among urogynecologic and urology practices is vari-
able: some specialists offer these devices to all women with stress 
incontinence, whereas others do not include intravaginal devices 
in their practice. The devices have not been well studied. These 
are low-cost devices sold in modest volumes whose manufac-
turers do not have research funds, and there are no sham devices 
for randomized controlled trials.

Types of Devices

Nonpessary Devices
Many women report use of their contraceptive diaphragm as 
being effective. Its mechanism is probably similar to that of other 
continence devices: creation of a “backstop” against which the 
urethra is briefl y compressed during increased abdominal pres-
sure. A short menstrual tampon may be inserted just comfortably 
inside the introitus; patients need to be instructed to use the 
tampon under dry conditions, which improves the adherence of 
the tampon. We instruct patients to use this “tampon trick” with 
a super tampon, and only on an occasional basis. The Conveen 
Continence Guard is a polyurethane foam cushion that is folded 
on its long axis and placed in the vagina. When moistened and 
partially unfolded, it acts as a backstop under the bladder neck. 
The device is available in three sizes and is worn for up to 18 
hours and then discarded. It is not yet available in the United 

States. Several studies have documented good tolerance and sig-
nifi cant reductions in urine loss with use.19,20

Supportive (Modifi ed Pessary) Devices
The majority of continence devices have been modifi ed from 
vaginal pessaries used for POP, and all recreate the supportive 
“backstop” effect for the urethra. These include rings with knobs 
placed at the bladder neck, the Hodge pessary inserted backward 
and upside down, the incontinence dish with support, the PelvX 
ring, and the Suarez ring.

Nonsupportive Devices
Nonsupportive devices include a urethral insert (Rochester 
Medical, Inc., Rochester, MN) and urethral suction caps 
(Uromed; not currently available.) Such urethral plugs and caps 
have been studied with some success but do not seem to be 
popular in clinical practice. Some women may wear these devices 
for activities only, whereas others need to wear them on a daily 
basis. Care of these pessaries is similar to that for supportive 
pessaries.

Clinical Use
Although use of a short super tampon may be suggested on a 
temporary basis, we use the incontinence dish as our main incon-
tinence pessary. Patients can immediately see the advantages 
(effective, no surgery) and disadvantages (small amount of bother 
with insertion, need for continued use) associated with these 
devices. Although most women wear these devices on an as-
needed basis, some patients who have daily stress incontinence 
prefer to wear the device on a continual basis.

Once an appropriate candidate for a supportive device has 
been identifi ed, we prefer to fi t the device in a separate session, 

Table 58-3 Studies of Devices for Stress Urinary Incontinence

Device and Ref. No. N Indication Follow-up Outcome

Smith-Hodge pessary12  30 Stress incontinence None Cough pressure profi le; 24/30 patients 
continent

RCT of super tampon and Hodge 
pessary13

 18 Exercise-induced stress 
incontinence

None 36% of pessary users continent; 58% of 
tampon users continent

 Bladder neck support prosthesis15 
(no current distributor)

 77 Stress and mixed 
Incontinence

12 wk On subjective pad test, 29% continent, 
51% decreased severity by more than 
half; 81% had combined subjective/
objective some or maximum benefi t

Bladder neck support prosthesis16 
(no current distributor)

 70 Stress or mixed 
incontinence

4 wk 53/70 completed trial; signifi cant 
improvement on pad tests, diaries; high 
subjective improvement and quality of 
life

Continence ring pessary17  38 Stress incontinence 1 yr 6/38 continued device use long term; 
improved scores on pad test, voiding 
diary

Variable continence pessaries18 100 Stress and mixed 
incontinence, 
prolapse

11 mo 59% continued use long term, with 
signifi cant reduction in incontinence

Continance dish14 119 Stress Incontinence 6 mo 89% successful device fi tting; >50% 
continued use for 6 mo

RCT, randomized controlled trial.
Summarized and updated from Wilson et al., 2001.
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often after several weeks of vaginal estrogen in postmenopausal 
women. It is helpful to demonstrate leakage with a standing 
cough stress test, then to demonstrate continence after a device 
is fi tted. A comfortable bladder volume does not seem to impair 
fi tting of the device. In supine lithotomy, the capacity of the 
vagina laterally is assessed; this may be limited in women who 
have had vaginal surgery. We begin with a continence dish of a 
similar diameter, squeezing the device to narrow its entry into 
the vagina. All of these devices are placed with the knob just 
inside the introitus, creating the support for the urethra. The best 
fi t is that which leaves a fi ngerbreadth or two between the device 
and the pubic symphysis, is comfortable, and does not readily 
extrude with straining. Women with a narrow pubic arch and 
good pelvic fl oor strength are the best candidates for a supportive 
device, because the pessary is more easily retained. For a narrow 
vagina with limited capacity, a Hodge pessary (placed so that the 
arch is directed at the bladder neck) or a knobbed device may be 
preferable.

We recommend that women remove the intravaginal sup-
portive device at least weekly, leave it out overnight, and then 
reinsert it in the morning. The device can be washed with simple 
soap and water, rinsed, and air-dried. In our experience, women 
rarely encounter vaginal excoriations or excessive or malodorous 
vaginal discharge using this approach. Postmenopausal women 
may benefi t from vaginal estrogen. This has little systemic absorp-
tion, may increase vaginal skin thickness and tolerance of the 
device, and is best given as a vaginal pill (Vagifem 25 μg, 
Novo Nordisk) once nightly for 10 nights, then twice weekly 
thereafter. After an initial follow-up examination to demonstrate 
effi cacy and self-management, women who manage their own 
pessary without diffi culty can be seen annually. Women may 
need to brace the device digitally during straining for bowel 
movements to prevent extrusion. A device that is easily dislodged 
or uncomfortable is not satisfactory and should be removed and 
replaced.

Most studies evaluating the effectiveness of devices for stress 
incontinence are small in numbers and short in duration. In a 
prospective, randomized study by Nygaard,13 6 of 14 women were 
cured and an additional 2 improved during exercise while wearing 
a super-sized tampon in the vagina. Nine of 12 women had resolu-
tion of stress incontinence while wearing a contraceptive dia-
phragm during urodynamic testing, and 4 of 10 women wearing 
a contraceptive diaphragm for 1 week had improved continence.

Of 190 women presenting to a tertiary care center with symp-
toms of stress or mixed urinary incontinence who were offered 
pessary management, 63% chose to undergo fi tting and 89% 
achieved a successful fi t in the offi ce. Of the 106 women who took 
a pessary home, follow-up was available on 100. Fifty-fi ve women 
used the pessary for at least 6 months as their primary method 
of managing urinary incontinence (median duration, 13 months). 
Of the remaining 45 women who discontinued use before 6 
months, most did so by 1 month.14

Intraurethral devices work through occlusion of the urethra. 
They are removed for voiding, and most cannot be reinserted. 
Several trials of several products have been conducted with favor-
able effi cacy and low risk of side effects, but the intraurethral 
devices are less comfortable than the intravaginal ones. Studies 
of intraurethral inserts showed that most women who used them 
(66% to 95%) were dry or improved while the device was in 
place. It is not surprising that urinary tract infections may occur 
with these devices; however, the incidence of infection decreases 
after the fi rst several months of use. These intraurethral devices 
have failed to gain popularity with patients and physicians. 
Although few women choose an intraurethral device as a fi rst 
option, an occasional patient is highly satisfi ed with long-term 
use of an intraurethral device.

Use of occlusive (extra)urethral devices or patches have been 
reported with similar results: the devices seem to work in many 
patients, but acceptance by physicians and patients has been 
poor, and the devices are not currently marketed in the United 
States.

CONCLUSION

Pessaries and other devices are an important part of the treat-
ment scheme for stress urinary incontinence. Although some 
patient effort is required for removal and maintenance of the 
devices, the risk and costs are minimal with moderate effi cacy. 
Further research is needed to determine which women are most 
likely to respond to the various types of devices, and to evaluate 
both effectiveness and adverse events associated with these 
devices compared to surgery. Nevertheless, the risk-benefi t ratio 
seems quite favorable with these devices for stress urinary 
incontinence.
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Chapter 59

USE OF SYNTHETICS AND BIOMATERIALS IN 
VAGINAL RECONSTRUCTIVE SURGERY
Fred E. Govier, Kathleen C. Kobashi, and Ken Hsiao

The surgical fi eld encompassing vaginal reconstructive surgery 
and urinary incontinence is extensive and extremely complex. As 
opposed to many surgical disciplines that focus on a single iso-
lated organ, we are dealing with multiple organs that interact 
with multiple complex supporting structures that must function 
as a single unit to be maximally effective. The trauma of child-
birth, the ever-present effect of gravity, and the inevitable dete-
rioration of these organs and their supporting structures with age 
and hormone defi ciency continuously stress this intricate system. 
Defi ciency in one or more of these components can lead to 
urinary incontinence, dyspareunia, pelvic pressure, or any of a 
multitude of other symptoms associated with pelvic fl oor descent 
and/or prolapse.

Over the last century, a variety of autologous tissues, absorb-
able and nonabsorbable synthetic materials, and, more recently, 
allografts and xenografts have been used in attempts to recon-
struct the pelvic fl oor and its supporting structures. This chapter 
focuses on the relative strengths and weaknesses of each of these 
materials, realizing that in 2005 we still lack the perfect material 
for vaginal reconstructive surgery. We address urethral support, 
support of the anterior compartment, and support of the vaginal 
apex as somewhat separate topics, as well as autologous materials, 
allografts, xenografts, and synthetic mesh products as separate 
groups. Although this chapter’s focus is on the materials them-
selves, it must be realized that failure is not limited only to the 
materials. Surgical technique, points of attachment, and methods 
of attachment can all play a crucial role in the ultimate success 
or failure of the operative intervention. Because the use of 
these materials is relatively new in reconstruction of the anterior 
compartment and apex, we will use our experience with urethral 
slings to further highlight the relative strengths and weaknesses 
of these materials. Even then, teasing out the exact cause of a 
surgical failure or a complication in this setting is challenging 
and at the present time there are still many unanswered 
questions.

PREVALENCE OF URINARY INCONTINENCE AND 
PELVIC FLOOR RELAXATION

Interest in women’s health care issues and public awareness of 
stress urinary incontinence (SUI) and pelvic fl oor relaxation have 
increased substantially over the past several years. In 2000, an 
estimated 17 million community-dwelling individuals had daily 
urinary incontinence in the United States, and an additional 34 
million had symptoms of overactive bladder. The costs of urinary 
incontinence in the United States were recently estimated at 
$19.5 billion, with an additional $12.6 billion for overactive 
bladder.1

A postal survey regarding urinary incontinence involving 
29,500 community-dwelling women aged 18 years or older in 
France, Germany, Spain, and the United Kingdom was recently 
reported.2 Of the women responding, 35% reported involuntary 
loss of urine in the proceeding 30 days, with SUI being the most 
prevalent type. Only 25% of the women had consulted a physi-
cian, and fewer than 5% had undergone surgery for their 
condition.

It is estimated that a woman’s lifetime risk of needing a single 
prolapse surgery by 80 years of age is 11.1%, and the risk of 
needing reoperation for recurrent prolapse is 29.2%.3 Undoubt-
edly, as the population ages, life expectancy increases, and the 
stigma of incontinence and pelvic prolapse is replaced by educa-
tion, these numbers and their associated costs will rise.

HISTORY OF THE URINARY SLING WITH 
AUTOLOGOUS FASCIA

In 1907, Van Girodano introduced the concept of the urinary 
sling for the treatment of urinary incontinence, when he wrapped 
a gracilis graft around the urethra.4 Credit for the fi rst pubo-
vaginal sling (PVS) goes to Goebell, who, in 1910, rotated the 
pyramidalis muscles beneath the urethra and joined them in 
the midline.5 In 1942, Aldridge described the fi rst fascial sling. 
He used rectus fascia, without muscle, passed through the retro-
pubic space to support the proximal urethra and bladder neck.6 
Variations on this procedure over the following decades involved 
attempts to minimize morbidity and obtain suitable fascia from 
patients with multiple previous abdominal procedures and/or 
pelvic radiation. Ridley7 described the use of fascia lata in 1955, 
followed by reports from Williams and Telinde,8 Moir,9 Morgan,10 
and Stanton and associates11 involving the use of synthetic mate-
rials with variations on the approach or on anchoring sutures. 
Using autologous fascia and synthetic materials, these original 
investigators showed encouraging results, but the outcomes were 
plagued with urethral obstruction, erosion, fi stula formation, 
and infections.

McGuire and Lytton revived the PVS in 1978 with their series 
showing an 80% success rate for intrinsic sphincter defi ciency 
(ISD) using rectus fascia tensioned loosely around the urethra.12 
Blaivas and Jacobs modifi ed the procedure by penetrating the 
endopelvic fascia, as described by Peyrera,13 and completely 
detaching the rectus fascia from the abdominal wall.14 They also 
stressed the importance of minimizing tension on the sling and 
stated that, “in the majority of patients the sling should be placed 
under no tension at all.” Subsequent studies showed no differ-
ence in histologic or performance characteristics between free 
and pedicle fascia fl aps for sling surgery.15

609
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As the PVS was gaining acceptance, the fi rst reports of poor 
long-term results from needle suspension procedures were being 
published. In a landmark study published in 1995, Trockman and 
Leach’s group monitored 125 patients for a mean of 10 years after 
a modifi ed Peyrera needle suspension. By questionnaire data, 
51% reported that they had SUI, and only 20% reported no 
incontinence of any kind.16 The American Urological Association 
guidelines panel for the surgical management of SUI was pub-
lished in 1997 and concluded, based on cure/dry rates, that 
retropubic suspensions and slings were the most effi cacious 
procedures for long-term success.17

Since these early reports, many authors have published long-
term data that attest to the durability of the autologous fascial 
sling. Morgan and colleagues observed 247 patients with type II 
and III SUI for a mean of 51 months after autologous rectus sling 
placement. They reported an overall continence rate of 88% to 
91% for type II and 84% for type III SUI. Among those patients 
with at least 5 years of follow-up, the continence rate was very 
durable at 85%.18 Chaiken and coworkers reported on 251 
patients with all types of anatomic incontinence treated with an 
autologous rectus PVS.19 At a median follow-up of 3.1 years, 73% 
of patients were cured and 19% were improved. Among the 20 
patients with a minimum of 10 years’ follow-up, the cure rate 
was 95%. Brown and Govier, using autologous fascia lata, moni-
tored 46 patients for a mean of 44 months; 90% reported overall 
cure of their anatomic component, and 73% described no or 
minimal leakage requiring no pads.20

The two greatest advantages of the autologous PVS were that 
all types of anatomic incontinence could be addressed and, if a 
good result were achieved at 1 year, the result would be durable. 
Because of these attributes, by the late 1990s most authorities 
agreed that the PVS using autologous fascia was the gold standard 
for the surgical management of anatomic incontinence. Unfor-
tunately, harvesting this fascia from the abdominal wall or thigh 
adds operative time and incurs a risk of hematoma formation, 
wound infection, and/or hernia formation. Only relatively narrow 
strips of fascia can be harvested, and even then the patient requires 
several weeks of recovery time to achieve a normal activity level. 
In an effort to minimize patient morbidity and yet further 
improve surgical results, a variety of biomaterials (allografts, 
xenografts) and synthetic products (absorbable and permanent) 
have been introduced and are currently being used for the con-
struction of urinary slings and vaginal reconstructions.

HISTORY AND CHARACTERISTICS OF 
BIOMATERIALS IN PELVIC RECONSTRUCTION

Allografts

Allografts are harvested from a human donor, usually a cadaver, 
and transplanted into a human recipient. The most common 
tissues used for pelvic fl oor reconstruction are fascia lata, dermis, 
and dura matter. Table 59-1 lists some of the companies supply-
ing these components and their trade names. There are many 
advantages to the use of allografts or xenografts for pelvic fl oor 
reconstruction. Several studies have documented decreased 
recovery time, length of hospitalization, and postoperative pain 
using these materials.21-23 Compared with permanent synthetic 
materials, allografts carry a lower risk of vaginal extrusion, and, 
if extrusion does occur, in general the graft does not require 
removal. Finally, larger-sized grafts for pelvic reconstructive pro-
cedures can be obtained easily without incurring additional 
patient morbidity.

All cadaveric donor materials in the United States are pro-
cessed by licensed tissue banks regulated by the Food and Drug 
Administration.24 Cadaveric donors are carefully screened by 
review of their medical and social history with the family, part-
ners, and friends. Donors are excluded if the cause of death is 
unknown or the medical history suggests any of the following: 
hepatitis, bacterial sepsis, syphilis, intravenous drug abuse, 
cancer, collagen vascular disease, rabies, Creutzfeld-Jakob’s 
disease (CJD), or signifi cant risk factors for human immuno-
defi ciency virus (HIV) infection.25 Serologic testing is performed 
for HIV-1 and HIV-2 antibodies, hepatitis B surface antigen, and 
hepatitis C antibodies. One of the most signifi cant problems with 
serologic testing is that false-negative results can occur, because 
it takes time after the initial infection before the immunologic 
response is suffi cient for serologic detection. The delay can be up 
to 6 weeks in the case of hepatitis B, and up to 6 months for 
HIV.26,27

Tissue processing allows for the removal of most of the cellu-
lar content, along with the associated antigens, making donor 
and recipient tissue matching unnecessary. Additionally, tissue 
sterilization, while preserving the inherent collagen matrix, is 
required to eliminate infectious complications and ensure satis-
factory graft assimilation. Although the American Association of 
Tissue Banks has made recommendations, no federally mandated 

Table 59-1 Allografts and Xenografts

Type Component Trade Name (Manufacturer)

Autologous Rectus fascia
Fascia lata
Vaginal wall

Allograft Fascia lata Tutoplast (Mentor, Santa Barbara, CA)
Faslata (Bard, Covington, GA)

Dermis Repliform (LifeCell Corporation, The Woodlands, TX)
Duraderm (CR Bard, Inc., Murray Hill, NJ)

Dura mater (no longer used)
Xenograft Porcine small intestine submucosa Stratasis (Cook, West Lafayette, IN)

Porcine dermis Pelvicol  (Bard, Covington, GA)
IneXen (American Medical Systems, Minnetonka, MN)

Bovine pericardium (Braile Biomedical Industria, Brazil)
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processing techniques for all tissue banks exist. Currently, 
allografts are prepared using a variety of proprietary processing 
techniques that vary depending on the vendor.

Various mechanisms are used for cellular destruction and 
include hypertonic solutions that osmotically rupture cells and 
destroy bacteria and viruses; oxidative destruction with hydrogen 
peroxide, which oxidatively destroys most proteins; and isopro-
pyl alcohol to destroy cells, bacteria, and viruses by dissolving the 
lipids in their cell walls.28,29 An additional method used for tissue 
sterilization is gamma irradiation, which kills bacteria by disrupt-
ing nucleic acids but does not guarantee sterilization of viruses 
or prions, even at the American Association of Tissue Banks 
recommended level of 1500 Gy (1.5 megarads).27,30

Options for long-term preservation include cryopreservation, 
freeze-drying (lyophilization), and solvent dehydration. Contro-
versy exists with regards to tissue processing and how it affects 
tissue strength. Most of the concern regarding processing and 
storage revolves around two issues. The fi rst is irradiation and 
how it affects the tensile strength of collagen, and the second is 
the ice crystal formation that occurs with cryopreservation and 
the freeze-drying processes and whether they adversely affect the 
collagen microstructure.28,31,32

Thomas and Gresham found no signifi cant difference in 
tensile strength among fresh, frozen and freeze-dried fascia lata 
specimens.33 Sutaria and Staskin found no signifi cant difference 
in the tensile strength of fascias that were freeze-dried and 
gamma-irradiated, freeze-dried alone, or solvent-dehydrated and 
gamma-irradiated.34 In contrast, Hinton and colleagues found 
solvent-dehydrated, irradiated fascia lata to be signifi cantly stiffer, 
with a higher tensile strength than freeze-dried fascia.32 Two 
studies reported that tissue irradiated after dehydration resulted 
in signifi cant loss of tensile strength, and the investigators recom-
mended that irradiation be performed before dehydration.28,35 In 
an excellent review, Gallentine and Cespedes concluded that “a 
number of processing techniques are available that may have 
different adverse affects on the mechanical properties of allografts, 
but currently no defi nitive evidence is available that one tech-
nique is superior to another.”25

With current federal regulations in place to obtain, process, 
and store cadaveric materials, the risk of infectious disease trans-
mission is extremely small. As of 1995, approximately 220,000 
soft tissue transplants were being performed annually in the 
United States, and no cases of a transmitted infectious disease 
had been reported for processed cadaveric fascia lata (CFL) or 
dermal grafts.24

The risk of acquiring HIV-infected tissue from a properly 
screened donor is reported to be between 1 in 1,667,600 and 1 in 
8 million from banked cadaveric fascia.36-38 Seroconversion was 
reported in recipients of solid organs (4 of 4) and unprocessed 
fresh-frozen bone (3 of 3); however, 0 of 34 patients receiving 
other tissues, including 3 who received lyophilized tissue, became 
infected with HIV.26 Still, it is alarming that intact genetic mate-
rial (DNA segments) was isolated from four commercial sources 
of processed human cadaveric allografts.39

Prion transmission has gained increasing attention because of 
the neurodegenerative symptoms that occur in the recipient but 
not in the host. Prions are proteinaceous pathogens that use a 
novel mechanism of amino acid transposition to change the 
protein confi guration to a that of a neurotoxic prion protein 
peptide, leading to cases of neurodegenerative Creutz feld–Jakob 
Disease. Iatrogenic cases have been reported after many types of 
procedures, including corneal transplants and dura mater graft-

ing.40 It has been described in 43 patients receiving cadaveric 
dural grafts after neurosurgical or orthopedic procedures, and, 
for this reason, dura mater is no longer being used as a biomate-
rial.41 However, prion transmission has not been described with 
the use of cadaveric fascia or dermis for anti-incontinence or 
prolapse procedures. Even though no transmission has been 
documented in our fi eld, the potential for infectious transmission 
with these allografts does exist, and all patients need to be 
informed of the risk before their use.

Xenografts

The most popular xenograft materials used for sling surgery 
are derived from porcine and bovine sources (see Table 59-1). 
Being from an animal source, xenografts are readily available 
and are devoid of the potential ethical issues associated with 
use of human tissue. The types most frequently used for pelvic 
reconstruction are porcine dermis and small intestinal sub-
mucosa (SIS) or bovine pericardium. The Food and Drug 
Administration has strict guidelines controlling all phases of their 
production.42

Fate of Autologous Tissue and Biomaterials

The most signifi cant controversy involving biomaterials is the 
ultimate fate of the graft material itself, within the host. When 
autologous rectus fascia or fascia lata is used to construct a 
urinary sling, the results of these procedures in terms of durabil-
ity are uniformly excellent.17-20 Three studies in the literature 
examined the fate of autologous fascia in the host. In 1969, 
Crawford evaluated autologous and frozen fascia lata in rabbits 
by attaching strips of each from the fl ank to the posterior abdom-
inal wall.43 After killing the animals and examining the tissue, he 
concluded that “fresh fascia is living sutures and cadaveric tissue 
merely provides a bridge for host fi broblasts.” A more recent 
paper, in 1997, looked at free versus pedicled fascial fl aps again 
in rabbits.44 Strips of 7 and 15 mm of each were obtained from 
the abdominal wall and used to create a urethral sling. The rabbits 
were killed at 3 months, and all slings were found to be viable 
with the original histology preserved. The authors surmised that 
the fascia survives in the early postoperative period by diffusion. 
Later, neovascularization from the loose connective tissue around 
the fl aps provides long-term vascularity. FitzGerald and col-
leagues evaluated the histologic appearance of autologous rectus 
fascial slings that were examined at revision at 3, 5, and 8 weeks 
for urinary retention and at 17 and 208 weeks for persistent SUI.45 
They concluded that autologous fascial slings remain viable after 
implantation. They did note fi broblast proliferation, neovascu-
larization, and some remodeling of the graft, but no evidence of 
graft degeneration was detected. A linear orientation of the con-
nective tissue and fi broblasts was seen in some areas, whereas 
other areas had remodeled to form tissue similar to noninfl am-
matory scar.

In contrast, cadaveric fascial allografts have been extensively 
studied in multiple human models in the orthopedic literature as 
well as animal models.43,46,47 With the use of serial biopsies, it was 
found that there is an initial donor fi brocyte death, which is fol-
lowed by neovascularization of the graft. Fibroblast migration 
into the implant is then followed by remodeling and eventually 
by maturation of the graft.48,49

The maturation of xenografts is similar to that described for 
allografts. The processed material serves as an acellular mesh or 
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scaffolding, which requires remodeling by the host to end up as 
a viable graft.

It is this need to “remodel” the graft that appears to be the 
Achilles heel for many or all of the allograft and xenograft prod-
ucts on the market today. As one examines the surgical results 
with these materials, it is evident that some patients quickly 
remodel this material to a strong durable structure. In others, it 
appears that the scaffolding entirely disappears. Authors have 
theorized that increasing age, poor vascularity, excessive scarring, 
diabetes, or the use of steroids can adversely affect the remodeling 
process; however, studies are lacking, and at this time the dis-
crepancies in outcome are largely unexplained.

SURGICAL RESULTS OF BIOMATERIALS FOR 
URINARY SLINGS

Allografts

Hanada and associates,50 in 1996, and Labasky and Soper,51 in 
1997, were the fi rst to report on the use of cadaveric products for 
urinary slings. In 1998, Wright and colleagues published the fi rst 
paper comparing cadaveric allograft fascia lata to autologous 
rectus fascia.52 This series reported on a group of 92 patients 
undergoing sling procedures over a 28-month period. Fifty-nine 
patients received a 13 × 2 cm portion of freeze-dried allograft 
fascia lata, and 33 patients received autologous rectus fascia. With 
a mean follow-up of 9.6 months for the allograft and 16 months 
for the autologous fascia, no differences in surgical outcome were 
found. Chaikin and Blaivas described an early failure of a freeze-
dried cadaveric fascia sling in which the holding sutures pulled 
through.53 In 1999, FitzGerald and associates reported 35 patients 
who underwent PVS placement using freeze-dried irradiated 
CFL.54 At the time of re-exploration in seven of the failures, 
“histopathologic analysis revealed areas of disorganized remodel-
ing and graft degeneration, as well as complete absence of the 
graft in some patients.”

In 2000, Brown and Govier compared 121 consecutive patients 
undergoing slings constructed with fresh-frozen CFL with 46 
earlier patients undergoing the same surgical procedure with 
autologous fascia lata.20 Although the mean follow-up was longer 
in the autologous group (44 versus 12 months), questionnaire 
data demonstrated no signifi cant difference in surgical outcomes. 
Elliott and Boone, in 2001, reported 12-month follow-up using 
solvent-dehydrated CFL in 26 patients. Ninety-six percent of 
patients reported improvement.55

In 2001, Carbone and Raz’s group reported on a series of 
irradiated freeze-dried cadaveric fascial sling procedures with a 
40% failure rate and a reoperation rate of 16.9%. At the time of 
reoperation in 26 patients, they found the allografts to be “frag-
mented, attenuated or simply absent.”56 On the basis of these 
fi ndings, they abandoned the use of allografts for sling construc-
tion. In 2002, O’Reilly and Govier re-examined a group of 121 
patients who had slings constructed with fresh-frozen CFL; these 
patients had been reported earlier to have similar results to those 
treated with autologous slings.57 They identifi ed 8 patients who 
experienced intermediate-term failure at 4 to 13 months after 
they had initially been dry. This development was not noted in 
the autologous sling group, and, on the basis of these fi ndings, 
they too abandoned the use of fresh-frozen CFL for slings.

In 2005, the debate over biografts continues, but the pendu-
lum clearly appears to be heading away from the use of biografts 

for construction of urinary slings. Crivellaro and colleagues pub-
lished a prospective series of 253 patients with 18-month follow-
up using human dermal allografts for slings.58 They found that 
78% of the patients were improved or cured of their incontinence 
and were happy with their experience. Owens and Winters also 
looked at human dermal allografts in slings in 25 patients.59 At a 
mean follow-up of 6 months, 68% of the patients were dry, but 
this rate fell to 32% at a mean follow-up of 14.8 months. They 
concluded that graft degeneration was the most likely cause of 
the failures. FitzGerald and coworkers looked at a longer-term 
follow-up in patients from a previously reported group who had 
undergone abdominal sacrocolpopexies (67) and/or urinary 
slings (35) with freeze-dried, irradiated fascia lata. They found 
that 83% of the sacrocolpopexy patients experienced failure at a 
mean follow-up of 12 months, and, at the time of reoperation in 
16 patients, the graft was still present in only 3 patients.60 In 2005, 
Frederick and Leach reported on 251 patients who had under-
gone a combined anterior repair/sling procedure for SUI using 
solvent-dehydrated fascia lata. They found a cure/dry rate of 56% 
with a cure/improved rate of 76% at a mean follow-up of 24 
months. They did note that, of the failures, 56% occurred after 
12 months. They concluded the late failures were of concern and 
are continuing to monitor this group.61

Xenografts

The two most commonly used xenografts in reconstructive 
urology are porcine dermis and porcine small intestinal sub-
mucosa (SIS). As with allografts, the results for urinary slings 
are controversial, and there are even fewer published reports, or 
fewer publications with shorter follow-up.

Porcine SIS gained increased attention after being successfully 
implanted in a canine model for bladder augmentation without 
evidence of rejection or shrinkage.62 Histologically, the SIS-
regenerated bladders demonstrated three separate layers, indicat-
ing that a regenerative healing process was occurring rather than 
a simple replacement with fi broblasts. During the manufacturing 
process, the serosa, tunica muscularis, and mucosa are removed 
mechanically from porcine jejunum. Intestinal submucosa is 
transferred into an acellular collagen matrix which, once 
implanted, induces local host tissue cell infi ltration and is subse-
quently remodeled within 90 to 120 days. The biomatrix in SIS 
lacks cellular elements; however, collagen and other growth 
factors with activities similar to those of transforming growth 
factor-β and fi broblast growth factor 2 are present. These growth 
factors may act as signals for local epithelial cells to proliferate, 
thereby colonizing the graft and leading to tissue healing without 
scarring.63

Several groups have employed porcine SIS with good short-
term results. Palma and colleagues reported that 92% of 50 
patients were cured of SUI at a mean follow-up of 13 months 
without any serious postoperative complications.64 Rutner and 
associates reported on a series of 152 patients undergoing place-
ment of an SIS sling fi xed to the pubic bone without bone 
anchors. Of those patients, 142 (93.4%) remained dry at a median 
follow-up of 2.3 years.65 Intermediate-term failures at 9 and 11 
months occurred in 2 patients.

Histopathologic studies in which porcine SIS grafts were 
biopsied and removed have suggested variable levels of biocom-
patibility. Implant site biopsies under the vaginal mucosa were 
taken in three cases of recurrent SUI after PVS using SIS. In all 
three cases, exceptional biocompatibility was demonstrated, with 
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minimal foreign body or infl ammatory reaction.66 Ho and col-
leagues were less enthusiastic about the biocompatibility of 
porcine SIS.67 They noted postoperative infl ammatory reactions 
consisting of erythema and pain in 6 of 10 patients undergoing 
eight-ply SIS tension-free sling placement. SIS is an attractive 
material because of its theoretical ability to stimulate local tissue 
in-growth. Whether this will translate into long-term effi cacy and 
durability remains to be seen.

As for porcine dermis, Arunkalaivanan and Barrington 
reported a prospective randomized trial of tension-free vaginal 
tape (n = 74) versus porcine dermis (n = 68).68 With a mean 
follow-up of 12 months (range, 6 to 24 months), they found no 
difference in success for correcting SUI. In another prospective 
randomized trial of porcine dermis (n = 34) versus autologous 
rectus fascia (n = 31), Giri and colleagues demonstrated similar 
rates of cure and improvement between the two groups but noted 
signifi cantly less morbidity for the xenograft group.69

In contrast, Gandhi and colleagues performed histopathologic 
analysis of porcine dermis sling specimens in eight patients with 
urinary retention and two failures.70 Variable tissue reactions 
were seen, suggestive of a vigorous foreign body reaction. In cases 
of retention, the original graft was mostly intact, with minimal 
remodeling and tissue in-growth. However, surgical failures 
revealed minimal graft remnants left within the resected subure-
thral tissue.

Encapsulation of porcine dermis slings with poor tissue in-
growth was also observed by Cole and coworkers.71 They found 
no tissue remodeling or incorporation of porcine dermis into the 
host tissue at 4 months in a patient operated on for retention. 
This tendency of porcine dermis to encapsulate might retard host 
tissue infi ltration and, ultimately, graft integration.

In a recent attempt to look at time-dependent variations in 
biomechanical properties of several types of grafts implanted into 
rabbits, Dora and colleagues found that cadaveric fascia, porcine 
dermis, and porcine SIS had a reduction in tensile strength of 
60% to 89% at 2 to 6 weeks.72 Polypropylene mesh and autolo-
gous fascia did not differ in strength from baseline over the same 
period.

Although the use of xenografts is appealing, the variable 
biocompatibility and tissue responses, combined with unpre-
dictable clinical outcomes observed, clearly require further 
investigation.

HISTORY AND CHARACTERISTICS OF 
SYNTHETIC MATERIALS

Synthetic materials include both absorbable and nonabsorbable 
(permanent) materials. Other than for historical interest, all of 
the synthetics discussed here are mesh products, most of which 
are permanent. Synthetic materials have long been an attractive 
option for pelvic reconstruction and have many desirable attri-
butes. The permanent mesh products are stronger than native 
tissue, are available in any size, and are free of any potentially 
infectious agents. No harvesting is necessary, limiting patient 
morbidity and enabling outpatient surgery under minimal anes-
thesia. Drawbacks include diffi culty with tissue integration, 
infection, erosion (vaginal or other structures), and the potential 
for foreign body reactions.

The fi rst use of synthetic material for construction of a female 
urethral sling was reported by Williams and Te Linde in 1962; 
they used Mersilene in 12 patients.73 Ridley,74 in 1966, and 

Morgan,75 in 1970, reported their results using Mersilene ribbon 
and Marlex to construct slings. In 1985, Morgan and colleagues 
reported on 208 consecutive patients who had undergone Marlex 
sling placement with a minimum 5-year follow-up.76 Although 
these early investigators showed encouraging results for control 
of incontinence using synthetic materials, these materials and 
surgical techniques were plagued with problems of erosion, infec-
tion, and fi stula formation.

Silicone was introduced in 1985 and was thought to be supe-
rior to Marlex or Mersilene due to its smooth surface and its 
ability to promote formation of a fi brous sheath.77 Again, initial 
success was good, but a high rate of sinus formation and rejection 
due to foreign body reaction limited its use.78

Ulmsten and associates were fi rst to report the use of a poly-
propylene mesh around the mid-urethra, in 1996.79 They used a 
loosely woven mesh placed with vaginal trocars under no tension 
around the midportion of the urethra. Although this procedure 
was controversial when fi rst introduced, Ulmsten and many 
others have confi rmed the incidence of infection, erosion, and 
extrusion of the material itself to be extremely low when used for 
the construction of a sling.80-86

Cumberland87 and Scales88 delineated a series of ideal proper-
ties for a synthetic biocompatible material. This material should 
be clinically and physically inert, noncarcinogenic, and mechani-
cally strong and should cause no allergic or infl ammatory reac-
tion. It should be easily sterilized, must not be physically modifi ed 
by body tissues, and should be available in a convenient and 
affordable format for clinical use. None of the synthetic meshes 
currently in use meet all of these criteria.

It appears that three of the most important components for a 
mesh product used in reconstructive urology are pore size, fi ber 
type, and stiffness.89 Pore size and fi ber type have been used to 
classify the most common synthetic meshes into four types 
(Table 59-2; Figs. 59-1 through 59-4). Type I meshes, such as soft 
Prolene (Ethicon, Endosurgery Inc., Summerville, NJ) and 
Marlex, contain large pores (>75 μg) and are usually constructed 
from polypropylene. This large pore size allows the admission of 
macrophages and in-growth of fi broblasts (fi broplasia), blood 
vessels (angiogenesis), and collagen, which helps prevent infec-
tion and forms fi brous connections to the surrounding tissue.90 
Type II mesh, such as Gore-Tex (WL Gore & Associates, Inc., 
Flagstaff, AZ), has a pore size of less than 10 μg in at least one 
of three dimensions (microporous). Type III meshes, such as 
Mersilene, are macroporous in nature but have microporous 
components that often include braided and/or multifi lamentous 
materials. Type IV materials have submicronic pore size and are 
not used for sling surgery.

A second important property is the composition of the fi bers. 
Polypropylene meshes are monofi lament materials, whereas 
many other commonly used meshes are multifi lament materials. 
The monofi lament materials have a distinct advantage in terms 
of pore size. Most of the multifi lamentous meshes have inter-
stices less than 10 μg wide, which allows small bacteria to infi l-
trate and proliferate. Theoretically, these small interstices do not 
allow the entry of macrophages (16 to 20 μg) or leukocytes (9 to 
15 μg) to eliminate the bacteria, resulting in the potential for a 
higher infection rate.

Flexibility, or stiffness, is another important property that 
appears to be related to pore size. Marlex has a higher fl exural 
rigidity (stiffness) than Mersilene or Tefl on. Prolene is composed 
of knitted fi laments of polypropylene, as is Marlex. However, 
Prolene has a pore size twice as large as Marlex (1500 versus 
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Table 59-2 Synthetic Fiber Types and Pore Size

Type Component Fiber Type Pore Size

I Polypropylene
Gynemesh PS (Ethicon, Summerville, NJ)
Prolene Soft (Ethicon, Johnson & Johnson, Summerville, NJ)
Marlex (Bard, Covington, GA)
ProLite (Atrium, Hudson, NH)
Polypropylene/Polyglactin 910
Vypro (Ethicon)
Polyglactin 910
Vicryl (Ethicon)

Monofi lament
Mono/multifi lament
Multifi lament

Macro
Macro
Macro

II Expanded PTFE
Gore-Tex (Gore, Flagstaff, AZ)

Multifi lament Micro

III Polyethylene
Mersilene (Ethicon)

Multifi lament Micro/macro

IV Polypropylene sheet
Cellgard (not used for slings)

Monofi lament Submicro

Macro, >75 μm; Micro, <75 μm; PTFE, polytetrafl uoroethylene.

Figure 59-1 Tension-free vaginal tape (TVT). (Courtesy of 
Gynecare Worldwide, A Division of Ethicon, Inc., Summerville, NJ.)

Figure 59-2 SPARC polypropylene tape. (Courtesy of American 
Medical Systems, Minnetonka, MN.)

Figure 59-3 Gore-Tex mesh. (Courtesy of W.L. Gore & Associates, 
Inc., Flagstaff, AZ.)

Figure 59-4 IVS Tunneller mesh. (Courtesy of U.S. Surgical, Tyco 
Healthcare Group Mansfi eld, MA.)
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600 μg) and is therefore more fl exible.91 Because of this property, 
Prolene theoretically may have a lower erosion rate through the 
vagina and adjacent viscera.

SURGICAL RESULTS OF SYNTHETIC MATERIALS 
FOR SLINGS

In contrast to biomaterials, whose success appears to rest on the 
ability of the host to repopulate and remodel an acellular scaf-
folding, nonabsorbable synthetic mesh products are strong and 
permanent at the time they are placed. Assuming they are placed 
in the proper position, under minimal or no tension, and the 
fi xation points are secure, the issues we should focus on are the 
complications of infection, erosion, and/or extrusion. As dis-
cussed earlier, it appears that the specifi c characteristics of the 
materials themselves may have a signifi cant impact on the com-
plication rate. Table 59-3 lists surgical success and complication 
rates for several synthetic materials used to construct slings. The 
highest rates of erosion/extrusion have been associated with poly-
meric silicone (Silastic),92,93 silicone mesh,94 polytetrafl uoroethyl-
ene (Gore-Tex)95 and polyester (ProteGen)96 and range from 
12.5% to 71%. Although this has not always been accomplished 
in the past, authors should either specify the structure through 
which the material has eroded (vagina, urethra, bladder) or use 
the terms “erosion” and “extrusion,” with extrusion signifying 
vaginal exposure.

A multifactorial etiology appears to be involved in the devel-
opment of erosions and extrusions. They may occur because of 
subclinical or delayed infection that eventually leads to separa-
tion of the vaginal incision. Excess sling tension or unrecognized 
urethral injury at the time of surgery may predispose to urethral 
erosion. As mentioned earlier, the degree of tissue in-growth and 
host reaction may vary according to pore size and fi ber type. 
Mesh fl exibility may also play a role, with stiffer, smaller pore 
materials more prone to erode or extrude. The smooth surface 

of silicone slings may prevent tissue in-growth, leading to poor 
integration into the surrounding tissues.94

Ulmsten and colleagues introduced tension-free vaginal tape 
(TVT)79 in 1996, and it was estimated to have been used in more 
than 600,000 cases worldwide over the fi rst 8 years.97 TVT uses a 
large-pore, type I, monofi lament, polypropylene sling placed at 
the mid-urethra in a tension-free manner to reconstitute the 
continence mechanism. SPARC (American Medical Systems, 
Minnetonka, MN) represents a modifi cation of the original 
delivery system by directing the needles antegrade from two 
suprapubic incisions to the vaginal incision. Transobturator tape 
(TOT) delivery, the newest method of placement, leaves the mesh 
in a more transverse, broad-based position under the urethra 
from one obturator foramen to the other, completely avoiding 
the retropubic space.

Nilsson and associates presented 7-year follow-up data on 
90 women undergoing primary TVT placement for SUI (see 
Table 59-3).98 Of the patients available for evaluation, 81.3% met 
criteria for objective and subjective cure. No change in conti-
nence status was reported between 5- and 7-year follow-up visits 
in 87.5% of the patients. There was no evidence of tape erosion 
or tissue reaction indicative of material rejection in any of the 
patients. Abouassaly and coworkers performed a retrospective 
review of 241 patients undergoing TVT sling procedures and 
identifi ed 48 (5.8%) intraoperative bladder perforations, with 
only 2 patients (1%) having vaginal mesh erosions.99 Early 
data on the SPARC polypropylene procedure revealed one 
bowel injury but no mesh erosions in the fi rst 140 patients.82 
The earliest data for polypropylene TOT demonstrated little 
difference in subjective and objective end points compared with 
TVT.100,101 At 1-year follow-up, no sling-related complications 
were observed.

As shown in Table 59-3, the erosion rates of the newer poly-
propylene type I mesh slings have fallen dramatically, to between 
0% and 1% in these four series. This was also illustrated in a 
recent review by Bhargava and Chapple, who looked at six centers 

Table 59-3 Surgical Results for Selected Synthetics

Study (Ref. No.) Sling Material N Follow-up (Mo) Results

Duckett & Constantine, 
2000 (93)

Solid silicone, reinforced 
with polyethelyne

7 3-16 100% success SUI; 71% erosion 
rate

Govier et al, 2005 (94) Silicone-coated 
polyester (mesh)

31 prospective
20 retrospective

6-22 Prospective: 95% success SUI; 29% 
vaginal erosion

Retrospective: 94% success SUI; 
40% vaginal erosion

Barbalias et al, 1997 (95) Gore-Tex 16 30 87.5% success SUI; 12.5% erosion
Kobashi et al, 1999 (96) Polyester (ProtoGen) 35

(fi ve centers)
N/A 35 erosions

Nilsson et al, 2005 (98) Polypropylene (TVT) 90 51 81.3% objective and subjective cure 
of SUI; 0% erosion

Abouassaly et al, 2004 (99) Polypropylene (TVT) 241
(six centers)

5 (range, 2-16) 5.8% bladder perforations; 4.1% 
reoperation for retension; 2.5% 
blood loss >500 mL; 1.9% pelvic 
hematoma; 1.0% vaginal erosion

Kobashi & Govier, 2003 
(82)

Polypropylene (SPARC) 140 Not stated 1 bowel injury; 4 transfusions; 0% 
erosion

Delorme et al, 2004 (100) Polypropylene, UroTape 
(TOT)

32 17 91% cured; 3.1% urinary retention; 
0% erosion

SUI, stress urinary incontinence; TOT, transobturator tape; TVT, tension-free vaginal tape.
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that published data from 2002 to 2004 and found a vaginal 
erosion rate of only 0.6% in 2709 patients undergoing polypro-
pylene mesh sling placement.102

Management of erosion or extrusion depends on the type of 
material, the location, and whether the patient has an erosion or 
an extrusion. Management varies from observation and antibiot-
ics, to partial excision and closure, to complete removal of all 
synthetic materials.95,96,103-105

The decreased erosion rate seen with modern synthetics is 
most likely due to a combination of the improved biocompati-
bility of large-pore, monofi lament mesh products; a greater 
emphasis on surgical technique (specifi cally tension-free place-
ment); and maintenance of strict aseptic conditions. In 2005, 
many authorities contend that the type I, monofi lament, 
polypropylene midurethral sling, under minimal to no tension, 
is the new “gold standard” for the treatment of anatomic urinary 
incontinence.

HISTORY OF BIOMATERIALS AND SYNTHETICS FOR 
THE ANTERIOR COMPARTMENT

Compromise of the structural integrity of the pelvic fl oor allows 
herniation or descent of the normally well-contained abdominal-
pelvic organs. Recognition that the native tissue may no longer 
assume the position, strength, or functionality to repair the pro-
lapse by simple reapproximation has prompted investigators to 
evaluate various techniques and materials to overcome the 
problem. Furthermore, recognition of the complex interplay of 
components of the pelvic fl oor has prompted investigators to 
view any one intervention for pelvic prolapse as a potential risk 
factor for further pelvic support problems. Consequently, clini-
cians now view the manifestations of pelvic prolapse, such as a 
cystocele or apical prolapse, not as an isolated defect but in a 
more global context and with a better understanding of what 
surgery a patient may require.

Although early techniques to repair anterior vaginal prolapse 
were theoretically sound, it quickly became clear that the use of 
a patient’s inherently weak tissue did not provide the durability 
necessary to prevent recurrence. Recurrence rates after standard 
anterior colporrhaphy have been reported to range from 20% to 
40%.106-108 This high recurrence rate has given rise to consider-
ation of graft reinforcement for prolapse repair.

The use of Tantalum mesh in the anterior compartment was 
reported in 1955 and abandoned after 4 of 10 patients had vaginal 
extrusion of the mesh.109 In 1996, Julian reported vaginal extru-
sions in 3 of 12 patients with Marlex mesh and did not recom-
mend its use.110 Nicita, in 1998, reported using polypropylene 
mesh anchored to the arcus tendineus to correct urinary incon-
tinence and anterior prolapse in 44 patients.111 With a mean 
follow-up of 14 months, there were no recurrences and only one 
vaginal extrusion managed by partial excision. Also in 1998, 
Flood and colleagues reported on 142 patients who had anterior 
colporrhaphies reinforced with Marlex mesh.112 With a mean 
follow-up of 3.2 years, no recurrent cystoceles were noted, and 
only three patients had vaginal extrusions, requiring partial exci-
sion of the mesh at 3 months, 4 years, and 7 years. The authors 
were enthusiastic about the use of Marlex in the anterior 
compartment.

In 2000, Kobashi and associates described the cadaveric pro-
lapse repair with sling (CaPS) technique, a combined cystocele/
sling procedure using a single piece of solvent-dehydrated CFL.113 

A 6 × 8 cm fascial graft was cut into a “T” confi guration and 
attached to the vaginal apex superiorly and the levators laterally 
with the wings of the T, constituting the sling, secured to the 
pubic bone anteriorly with transvaginal bone anchors. Although 
this was a technique paper, follow-up at an interval of 1 to 6 
months revealed no failures or allograft complications of any 
kind.

Since these early reports, there has been an ever-increasing 
number of reports of the use of allografts, xenografts, and a 
variety of permanent and absorbable synthetic mesh products to 
reinforce the anterior compartment. In addition to a myriad of 
materials, some authors have advocated this repair for grade 4 
relaxation, and others advocate repairs for any grade 2 through 
4 relaxation. Some advocate for lateral attachment directly to the 
arcus tendineus, the obturator fascia, or the levators, whereas 
others do not attach the graft to any structures at all. There are 
fi xation techniques using absorbable sutures, permanent sutures, 
and bone anchors. There are centers advocating a concomitant 
sling in all patients and centers that continue to try to determine 
preoperatively who requires additional urethral support. There 
are those performing the combined repair through a single inci-
sion and those who advocate two separate incisions. Some authors 
advocate the sling and anterior repair with two separate portions 
of material, using separate attachment points, and some use a 
single piece of material to construct both, with combined attach-
ment points. In most series, the numbers are small and the 
follow-up is short.

As opposed to failure of an incontinence procedure, which 
often prompts a return visit or can be picked up with question-
naires, mild or moderate recurrent pelvic relaxation is often 
largely asymptomatic and is often discovered only by repeated 
physical examination.

When all of these variables are combined, it is virtually impos-
sible at this point to determine which material, if any, should be 
used to resupport the anterior compartment. At best, one can 
take what has been learned from the sling experience and make 
some broad generalizations.

Tables 59-4 and 59-5 summarize much of the experience to 
date with biomaterials and synthetics used to reconstruct the 
anterior compartment. For biomaterials, we would highlight the 
series by Kobashi and colleagues in 2000113 and 2002114 and by 
Frederick and Leach in 2005.61 These three series used a com-
bined cystocele/sling repair with a 6 × 8 cm portion of solvent-
dehydrated CFL. The attachment points were described earlier. 
This is by far the largest group of allograft repairs of the anterior 
compartment to date and involves two separate institutions with 
follow-up out to 5 years in the most recent series. In the latest 
series, it is concerning that, in terms of continence, 56% (33 
patients) of failures were initially dry and failed after 1 year. 
Although there are multiple possible causes, one has to consider 
that these patients failed to adequately remodel the allograft. On 
the positive side, the recurrence rate of the anterior compartment 
was very low, especially for symptomatic relaxation (7% at a 
mean follow-up of 20 months), and were no complications from 
the graft material itself. Perhaps even a partial remodeling of the 
graft supporting the anterior compartment can provide enough 
additional support in the most of these patients.

Among the synthetic series in Table 59-5, we would highlight 
the series by Sand115 and Weber116 and their colleagues with 
absorbable Vicryl mesh. If successful, the Vicryl mesh would be 
much less expensive than biomaterials, would put the recipient 
at no risk from a transmittable disease, and would have virtually 
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no risk of erosion. Unfortunately, one group found a substantial 
improvement with the mesh and one group found no difference 
at all.

On review of the abstracts of studies using permanent mesh 
products, it is clear that most authors have learned from our sling 
experience and have used a type I, monofi lament, polypropylene 
mesh. Although the use of permanent mesh products clearly 
seems to provide a durable repair, the most signifi cant concerns 
are the risk of vaginal extrusion and dyspareunia. Even with rela-
tively short-term follow-up, the vaginal extrusion rate in these 

abstracts ranged from 2% to 25%, with several using polypropyl-
ene in the midrange at 8%, 8.3%, and 13%.104,117,118 The abstract 
published by Milani and colleagues in 2005 showed that, in addi-
tion to a high erosion rate, 20% of the anterior repairs and 60% 
of the posterior repairs exhibited an increased incidence of 
dyspareunia.117

In our institution, 46 patients have undergone mesh rein-
forcement of the anterior compartment with polypropylene 
(Prolene Soft) for grade 3 and 4 defects. We are monitoring one 
patient who has experienced a vaginal extrusion, and we have 

Table 59-4 Anterior Prolapse Repair Using Allograft or Xenograft Techniques

Study (Ref. No.) N Graft Material and Technique Follow-up (Mo) Outcome

*Kobashi et al, 2000 
(113)

 50 Combined cystocele/sling using 6 × 
8 cm solvent-dehydrated CFL 
attached anteriorly to the pubis, 
laterally to the levators, and 
posteriorly to the vaginal apex

1-6 0% recurrence; 0% extrusion; 72% 
completely dry; 6% stress urinary 
incontinence

*Groutz et al, 2001 
(120)

 21 Tutoplast CFL reinforcement with 19 
concomitant pubovaginal slings

20.1 (range, 
12-30)

No recurrent cystoceles; 2 patients 
developed postoperative rectocele/
enterocele; 85% patients with 
overt SUI cured; 100% of occult 
SUI cured

*Chung et al, 2002 
(121)

 19 Combined cadaveric dermal allograft 
sling and prolapse repair. Sling 
attached “tension free” to rectus 
fascia with prolene

28 1 acute graft infection requiring 
reoperation and rectus sling; 1 
grade 1 cystocele; 1 grade 2 
cystocele; 1 patient with persistent 
SUI; 1 patient with de novo 
urgency

*Kobashi et al, 2002 
(114)

172 Combined cystocele/sling using 6 × 
8 cm solvent-dehydrated CFL 
attached anteriorly to the pubis, 
laterally to the levators, and 
posteriorly to the vaginal apex

12.4 (range, 
6-28)

11% grade 1 cystocele; 1.5% grade 
2 cystocele; 9.8% vaginal prolapse; 
10.6% SUI

Clemons et al, 2003 
(127)

 33 AlloDerm 3 × 7 cm portion attached 
anteriorly to periurethral tissues, 
laterally to the arcus tendineus, and 
posteriorly to the vaginal apex

18 36% asymptomatic grade 2 
cystocele; 3% symptomatic grade 
2 cystocele

*Powell et al, 2004 
(123)

 58 19 autologous fascia lata with 12 
suburethral slings, 39 donor fascia 
lata with 29 slings; fascia attached at 
arcus tendineus.

24.7 (range, 
12-57)

23% grade 2 cystocele; 16% grade 2 
cystocele (autologous fascia); 27% 
persistent SUI

*Gomelsky et al, 
2004 (124)

 70 Porcine dermis graft with 65 
concomitant fascia (autologous or 
donor) pubovaginal slings

24 4 patients with recurrent but 
improved SUI; 2 patients with SUI 
similar to preoperative; 6 grade 2 
cystocele; 3 grade 3 cystocele; 6 
de novo grade 2 rectoceles

Leboeuf et al, 2004 
(125)

 19 Porcine xenografts (Pelvicol) attached 
anteriorly to periurethral fascia, 
laterally to the arcus tendineus, 
posteriorly to the vaginal apex

15 6.9% recurrence

*Frederick and Leach, 
2005 (61)

251 Combined cystocele/sling using 6 × 
8 cm solvent-dehydrated CFL 
attached anteriorly to the pubis, 
laterally to the levators, and 
posteriorly to the vaginal apex

24 (range, 
6-60)

7% grade 2-4 symptomatic 
cystocele; 45% completely dry; 
76% dry/improved; 56% of sling 
failures occurred after 1 yr

CFL, cadaveric fascia lata; SUI, stress urinary incontinence.
*Indicates combined prolapse and incontinence procedures.

Ch059-X2339.indd   617 1/31/2008   2:44:14 PM



618 Section 7 FEMALE ORGAN PROLAPSE

reoperated on two additional patients who failed to re-epithelial-
ize with vaginal estrogens. All three of these patients appeared to 
be well healed at their 6-week examination, and extrusion 
occurred at a later date. Based on this early experience, we have 
stopped using synthetic mesh for the anterior compartment and 
are continuing to monitor this group.

The question we must ask ourselves as pelvic surgeons, is how 
much risk are we willing to accept now and for many years down 
the line as the patients we treat age and experience worsening 
atrophic vaginitis? All permanent synthetic mesh products are 
going to carry some risk of extrusion. Staskin and Plzak theorized 
that use of mesh with a higher cross-sectional area would carry 

Table 59-5 Anterior Prolapse Repair with Synthetic Mesh Reinforcement

Study (Ref. No.) N Graft Material and Technique Follow-up (Mo) Outcome

Julian, 1996 (110) 12/12 Randomized study using Marlex 
(polypropylene) mesh 
reinforcement for the anterior 
compartment with other site-
specifi c repairs

24 All patients had 2 or more previous 
failed anterior repairs. No 
cystocele recurrences in mesh 
group; 4 recurrences in control 
group; 25% vaginal mesh 
erosions

*Nicita, 1998 (111)  44 Polypropylene mesh attached 
taut to arcus tendineus

13.9 (range, 9-23) 1 grade 3 rectocele; 2% vaginal 
mesh erosion; 16% de novo urge 
incontinence

*Flood et al, 1998 
(112)

142 Marlex (polypropylene) mesh 
reinforcement extended 
laterally into retropubic space

38 No recurrent cystocele; 2% vaginal 
mesh erosion; 74% success for 
SUI treatment

Mage, 1999 (126)  46 Polyester mesh attached at 
vaginal angles

26 No recurrence of cystocele; 2% 
vaginal mesh erosion

Migliari et al, 2000 
(127)

 12 Polypropylene mesh attached 
“tension-free” with 
absorbable sutures

20.5 (range, 15-32) 3 patients with asymptomatic grade 
1 cystocele

Sand et al, 2001 
(115)

73/70 Absorbable polyglactin 910 
(Vicryl) mesh placed over 
plication line versus standard 
colporrhaphy

12 30/70 (43%) without mesh and 
18/73 (25%) with mesh had 
grade 2-3 recurrent cystocele—
40% reduced risk; 8/70 (11%) 
without and 2/73 (3%) with 
mesh had grade 3 recurrent 
cystocele;  13 had recurrent 
rectoceles

Weber et al, 2001 
(116)

33/24/26 Three-armed trial of standard 
versus “ultralateral” versus 
standard plus absorbable 
polyglactin 910 mesh 
anchored to lateral limits with 
absorbable suture

23 (range, 5-44) No signifi cant difference in 
postoperative prolapse/urinary/
sexual function symptoms 
between groups; all groups 
reported signifi cant improvement 
of symptoms compared to 
preoperatively

De Tayrac et al, 2002 
(118)

 48 Polypropylene mesh placed into 
retropubic space 
“tension-free”

18 (range, 8-32) 97.9% success rate reported; 8.3% 
vaginal mesh erosions

*De Tayrac et al, 
2004 (101)

48/26 48 polypropylene mesh with 
wings placed into retropubic 
space “tension-free” and 26 
TVT

20 6.7% SUI in TVT group, 36% in 
no-TVT group; 6% recurrent 
cystocele; 8% vaginal erosion

Milani et al, 2005 
(117)

32/31 32 anterior repairs 
polypropylene mesh attached 
with Maxon sutures and 31 
posterior repairs 
polypropylene mesh

17 (range, 3-48) 32 anterior repairs—dyspareunia 
increased 20%, 13% vaginal 
mesh erosion; 31 posterior 
repairs—dyspareunia increased 
63%, 6.5% vaginal erosions, 1 
pelvic abscess. Recommended 
abandoning synthetic mesh for 
the anterior and posterior 
compartment.

SUI, stress urinary incontinence; TVT, tension-free vaginal tape.
*Indicates combined prolapse and incontinence procedures.
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a higher risk of vaginal extrusion, and examination of these series 
appears to support that supposition.119 Most pelvic surgeons 
seem to believe that the risk of vaginal extrusion with a narrow 
piece of a type I monofi lament mesh placed around the mid-
urethra under minimal to no tension is acceptable in most 
patients to prevent urinary incontinence. Whether to use a 
larger portion of the same mesh, which appears to carry a 
signifi cantly higher risk of vaginal extrusion, for repair of the 
anterior compartment in an effort to prevent a recurrence (espe-
cially with a grade 2 or 3 defect), which is often minimally symp-
tomatic, is something that pelvic surgeons need to consider very 
carefully.

MATERIALS USED FOR APICAL SUPPORT

A variety of surgical repairs have been described to resupport the 
vaginal apex. With one exception, these reports are primarily 
transvaginal procedures using the patient’s own tissues for 

support and abdominal sacrocolpopexies (open or laparoscopic) 
that attach the apex of the vagina to the hollow of the sacrum 
with some type of graft. The exception is the transvaginal 
approach of Drs. Raz and Rodriguez, in which the arms of a type 
I polypropylene mesh are attached to the origin of the sacrouter-
ine ligaments. The body of the mesh is carried down to the 
perineum via the posterior vaginal wall.128 With that notable 
exception, we will concentrate on the open abdominal sacrocol-
popexies (OASC) and laparoscopic abdominal sacrocolpopexies 
(LASC) for the remainder of this section.

As we have seen in the anterior compartment, there are a large 
number of variations in how one may perform an abdominal 
sacrocolpopexy (ASC). These variations, along with the reporting 
methodologies, make it very diffi cult to compare series and 
isolate any differences made by the materials themselves. Table 
59-6 summarizes several publications looking at a variety of 
materials used for support. As with slings and in the anterior 
compartment, most of the more recent series are now using a 
large pore, type I polypropylene mesh. At least for the more 

Table 59-6 Synthetic and Biomaterials for Apical Support

Study (Ref. No.) N Graft Material and Technique Follow-up (Mo) Outcome

Snyder et al, 
1991 (137)

147 OASC: 65 Dacron, 78 
polytetrafl uoroethylene

43 (range, 1-204) 93% success; 2.7% graft erosion

Kohli, 1998 (133)  57 OASC: double-thickness 
synthetic mesh (?), 
nonabsorbable braided 
sutures

14 (range, 14-24) 12% vaginal erosion (5 mesh, 2 suture); 
switched to cadaveric fascia lata

Costantini et al, 
1998 (138)

 21 OASC: Gore-Tex 31.6 (range, 12-68) 90% (19/21) success; 2 pulmonary emboli; 
0 erosions

Culligan et al, 
2002 (140)

245 OASC: synthetic mesh 
(unspecifi ed)

13.3 yr  Follow-up by questionnaire or physical 
examination; no apical failure; 15.1% 
failure (most anterior compartment); 
2.4% vaginal mesh erosion

Brizzolara et al, 
2003 (139)

124 OASC: 99 prolene mesh, 25 
allograft fascia; 60 
concomitant hysterectomy, 
64 prior hysterectomy

55.5 (range, 0-74) 1% mesh erosion in patient with previous 
hysterectomy; felt primary ASC at the 
time of hysterectomy was no added risk

Hilger et al, 2003 
(136)

 38 OASC: Marlex mesh 164 (range, 120-204) Questionnaire data plus physical 
examination; 10% reoperation rate 
“prolapse”; 16% “prolapsing tissue”; 
2.6% vaginal mesh erosion

FitzGerald et al, 
2004 (60)

 54 OASC: freeze-dried donor 
irradiated fascia lata

17 (range, 3-54) 83% failure; 16 patients reoperated on 
with only 19% having viable graft 
present at 12 mo

Latini et al, 2004 
(129)

 10 OASC: autologous fascia lata 30.8 (range, 19-42) 30% SUI postoperative by questionnaire; 
0% failure; 0% erosion

Begley et al, 2005 
(134)

 92 OASC and LASC:
• 33 Gore-Tex 29.3 9% erosion rate
• 21 Silicone-coated polyester 

mesh (AMS Triangle)
15.5 19% erosion rate

• 38 Prolene (J&J soft hernia) 9.8 0% erosion
• 14 Fascia 18.6 0% erosion; 1% apical failure rate

Elneil et al, 2005 
(141)

128 OASC and LASC: 
polypropylene (J&J mesh)

19 (range, 1.5-62) Mesh not retroperitonealized; 0% bowel 
complication; 10% apical failure; 2.3% 
vaginal erosion

ASC, abdominal sacrocolpopexy; LASC, laparoscopic abdominal sacrocolpopexy; OASC, open abdominal sacrocolpopexy; SUI, stress urinary 
incontinence.

Ch059-X2339.indd   619 1/31/2008   2:44:14 PM



620 Section 7 FEMALE ORGAN PROLAPSE

recent series, we have to assume that a meticulous vaginal and 
abdominal preparation and intraoperative antibiotics were used. 
Most of the synthetic series used a “Y” confi guration with the 
anterior and posterior leafl ets attached to the respective portions 
of the vaginal wall and the main body of the graft attached to the 
longitudinal ligament of the sacrum or directly to the sacral bone 
with bone anchors. Where possible, we have tried to report the 
type of graft material used, whether the sutures used to attach 
the graft to the vaginal wall were permanent or absorbable, 
and whether failures occurred at the apex or involved other 
compartments.

The only recent report using autologous products was that of 
Latini and colleagues, who performed OASC on 10 patients with 
a mean follow-up of 30.8 months using autologous fascia lata.129 
They described harvesting adequate-size grafts through a 3-cm 
thigh incision and reported no vaginal erosions, apical failures, 
or graft complications as determined by chart review and 
questionnaires.

There are no published reports for biomaterials using xeno-
grafts and only a small number using allografts. The largest series 
to date is that of FitzGerald and associates, who recently updated 
their series of OASC using freeze-dried, irradiated CFL.60 Of 54 
patients undergoing OASC, 83% had experienced failure at a 
mean follow-up of 12 months. At the time of exploration in 16 
patients, viable graft could be found in only 3 patients.

The use of synthetic materials for ASC was fi rst reported in 
1970 when Soichet reported the use of Silastic grafts in two 
patients.130 Feldman and Birnbaum131 reported on the use of 
Tefl on in 1979, and Dewhurst and coworkers132 used Marlex 
mesh in 1980. Since these early reports, a variety of synthetic 
products have been used. In addition to the materials themselves, 
there are several other controversial areas regarding the use of 
synthetics for ASC. The fi rst is the type of sutures used to attach 
the graft to the vagina. In the past, many authors have used a 
permanent braided suture to minimize the risk of failure and to 
provide a suture that the patient and her partner would not feel. 
In 1998, Kohli and colleagues reported a 12% vaginal erosion rate 
using an unspecifi ed type of double-thickness mesh and braided 
sutures.133 Begley’s group, in 2005, reported a 19% erosion rate 
in 21 patients using a silicone polyester mesh attached to the 
vagina with braided permanent suture.134 However, most of the 
abstracts do not specify the type of suture used. A braided suture 
that is placed or erodes into the vagina is a theoretical source of 
infection for the graft. If that graft material has any characteristics 
that do not allow it to resist infection, this could be a cause of 
graft failure.

A second controversy is the effect of a simultaneous hysterec-
tomy at the time of ASC. This could potentially increase the risk 
of infection from vaginal microbes, and, with a fresh suture line 
in the vagina against the graft, it could also theoretically increase 
the risk of vaginal extrusion. In an excellent review of ASCs pub-
lished in 2004, Nygaard and coauthors found the data inconclu-
sive but recommended that the mesh should be attached as far 
from the suture lines in the vaginal apex as possible.135

Addressing the apical failure rate in Table 59-6, one can see 
that, with the exception of the allograft report by FitzGerald’s 
group, it is less than or equal to 10%; the anterior compartment 
appears to be an increasing concern, especially as duration of 
follow-up increases.

As for as longevity, a more recent abstract of a study by Hilger 
and colleagues using Marlex is signifi cant.136 Thirty-eight patients 
underwent OASC and had a mean follow-up of 13.7 years. By 

questionnaire data and chart review, there was a 26% overall 
failure rate, including 10% undergoing reoperation for prolapse 
and 16% who responded that they had “prolapsing” tissue from 
the vagina. It is not noted how many of these failures were apical 
and how many involving other compartments. The vaginal 
erosion rate in this series was 2.6%.

Regarding the vaginal extrusion rate, Begley and coworkers 
examined the use of silicone-coated mesh.134 After noticing 
several vaginal erosions, with a new commercially available sili-
cone-covered polyester mesh (AMS Triangle), they reviewed a 
series of 93 patients undergoing OASC or LASC with various 
materials. Details are shown in Table 59-6, but their vaginal 
erosion rates with the silicone product, Gore-Tex, polypropylene, 
and autologous fascia were 19%, 9%, 0%, and 0%, respectively. 
Among those with the silicone mesh erosions, transvaginal 
attempts at repair were unsuccessful in all patients, who eventu-
ally required open explorations with removal of all mesh. In 
contrast the Gore-Tex erosions were successfully managed by 
partial excision of the mesh via a transvaginal approach in most 
patients.

As to the vaginal extrusion rates in Table 59-6, the rates for 
the specifi c materials ranged from 0% for autologous grafts and 
biografts,60,129,134,139 to 19% with the silicone coated polyester,134 
to 2.3% and 2.6% with the polypropylene (Prolene and Marlex, 
respectively).136,141 In the previously mentioned review by Nygaard 
and associates,135 the following vaginal erosion rates for specifi c 
materials were found: cadaveric fascia or dura mater, 0% (0/88); 
polypropylene (Prolene), , 0.5% (1/211); polyethylene (Mersi-
lene, Johnson & Johnson), 3.1% (25/811); Gore-Tex, 3.4% 
(12/350); and Tefl on (EI Dupont, deMours, and Co.), 5.5% 
(6/119).

In conclusion, it would appear that the risk of vaginal extru-
sion, from an ASC using a type I polypropylene mesh lies some-
where between that of the sling and that of anterior repair. 
Because it is a formidable procedure for the patient to undergo, 
even laparoscopically, we do not believe that most practitioners 
will accept the high failure rate of biomaterials. Additionally, 
regardless of the approach, the morbidity from harvesting autol-
ogous tissue of these dimensions is concerning. At this time, most 
surgeons performing this operation appear to believe that the 
current vaginal extrusion rates with the newer mesh products are 
acceptable in view of the high success rates in terms of apical 
support. Theoretically, there is a small risk to using a braided 
permanent suture to attach this graft material to the vaginal wall, 
and, in a case of a concomitant hysterectomy, it is prudent to 
keep the graft as far from the suture line in the vaginal apex as 
possible.

CONCLUSIONS CONCERNING THE USE OF 
SYNTHETICS AND BIOMATERIALS IN VAGINAL 
RECONSTRUCTIVE SURGERY

Tissue engineering and/or stem cell research may one day render 
the controversies discussed in this chapter obsolete. When that 
day arrives, we will have an unlimited supply of biocompatible, 
healthy, living fascia to use in pelvic reconstruction. Until then, 
it remains incumbent on pelvic surgeons to closely follow the 
literature, to provide informed consent, and to carefully weigh 
the risks and benefi ts of the use of these materials in our 
patients.

Ch059-X2339.indd   620 1/31/2008   2:44:14 PM



 Chapter 59 USE OF SYNTHETICS AND BIOMATERIALS IN VAGINAL RECONSTRUCTIVE SURGERY 621

References

 1. Hu TW, Wagner TH, Bentkover JD, et al: Costs of urinary incon-
tinence and overactive bladder in the United States: A comparative 
study. Urology, 63:461, 2004.

 2. Hunskaar S, Lose G, Sykes D, Voss S: The prevalence of urinary 
incontinence in women in four European countries. BJU Int 
93:324-330, 2004.

 3. Olson AL, Smith VJ, Berstrom JO, et al: Epidemiology of surgically 
managed pelvic organ prolapse and urinary incontinence. Obstet 
Gynecol 89:501-506, 1997.

 4. Ridley JH: The Goebel-Stoeckel sling operation. In MattinglyRF, 
Thompson JD (eds): TeLinde’s Operative Gynecology. Philadel-
phia: Lippincott, 1985.

 5. Goebell R:. Zur operativen beseitigung der angebronen incontien-
tia vesicase. Ztschr Gynak 2:187, 1910.

 6. Aldridge AH: Transplantation of fascia for relief of urinary stress 
incontinence. Am J Obstet Gynecol 44:398-411, 1942.

 7. Ridley JH: Surgical treatment of stress incontinence in women. 
JMA Georgia 94:135, 1955.

 8. Williams TJ, Telinde RW: The sling operation for urinary inconti-
nence using Mersilene ribbon. Obstet Gynecol 19:241-245, 1962.

 9. Moir JC: The gauze hammock operation. J Obstet Gynecol Br 
Commonwealth 75:1-9, 1968.

 10. Morgan JE: A sling operation using Marlex polypropylene mesh for 
treatment of recurrent stress incontinence. Am J Obstet Gynecol 
106:369-377, 1970.

 11. Stanton SI, Bringley GS, Holmes DM: Silastic sling for urethral 
sphincter incompetence in women. Br J Obstet Gynaecol 92:747-
759, 1985.

 12. McGuire EJ, Lytton B: Pubovaginal sling procedure for stress 
incontinence. J Urol 119:82-84, 1978.

 13. Peyrera AJ: A surgical procedure for the correction of stress incon-
tinence in women. West J Surg Obstet Gynecol 67:223, 1959.

 14. Blaivas JG, Jacobs BZ: Pubovaginal sling in the treatment of com-
plicated stress incontinence. J Urol 145:1214-1218, 1991.

 15. Fokaefes ED, Lampel P, Hohenfellner M, et al: Experimental evalu-
ation of the free versus pedicled fascial fl aps for sling surgery of 
stress urinary incontinence. J Urol 157:1039-1043, 1997.

 16. Trockman BA, Leach GE, Hamilton J, et al: Modifi ed Pereyra 
bladder neck suspension: 10 Year mean follow-up in 125 patients. 
J Urol 154:1841-1847, 1995.

 17. Leach GE, Dmochowski RR, Appell RA, et al: Female Stress Urinary 
Incontinence Clinical Guidelines Panel summary report on sur-
gical management of female stress urinary incontinence. The 
American Urological Association. J Urol 158:875, 1997.

 18. Morgan TO Jr, Westney L, McGuire EJ: Pubovaginal sling: 4-Year 
outcome analysis and quality of life assessment. J Urol 163:1845, 
2000.

 19. Chaikin DC, Rosenthal J, Blaivas JG: Pubovaginal fascial sling for 
all types of stress urinary incontinence: Long-term analysis. J Urol 
160:1312-1216, 1998.

 20. Brown SL, Govier FE: Cadaveric versus autologous fascia lata for 
the pubovaginal sling: Surgical outcome and patient satisfaction. 
J Urol 164:1633, 2000.

 21. Wright EJ, Iselin CD, Carr LK: Pubovaginal sling using cadaveric 
allograft fascia for the treatment of intrinsic sphincter defi ciency. 
J Urol 160:759, 1998.

 22. Flynn BJ, Marinkivic SP, Yap WT: Risks and benefi ts of using 
allograft fascia lata for pubovaginal slings [abstract]. J Urol 161:310, 
1999.

 23. Labasky RF, Soper T: Reduction of patient morbidity and cost 
using frozen cadaveric fascia lata for the pubovaginal sling 
[abstract]. J Urol 157:459, 1997.

 24. Buck BE, Malinin TL: Human bone and tissue allografts: Prepara-
tion and safety. Clin Orthop 303:8, 1994.

 25. Gallentine ML, Cespedes RD: Review of cadaveric allografts in 
urology. Urology 59:318-324, 2002.

 26. Simonds RJ, Holmberg SD, Hurwitz RL, et al: Transmission of 
human immunodefi ciency virus type 1 from a seronegative organ 
and tissue donor. N Engl J Med 326:726-732, 1992.

 27. Tomford WW: Current concepts review: Transmission of disease 
through transplantation of musculoskeletal allografts. J Bone Joint 
Surg Am 77A:1742-1754, 1995.

 28. Maeda A, Inoue M, Shino K, et al: Effects of solvent preservation 
with or without gamma irradiation on the material properties of 
canine tendon allografts. J Orthop Res 11:181-189, 1993.

 29. Singla AK: The use of cadaveric fascia lata in the treatment of stress 
urinary incontinence in women. BJU Int 85:264-269, 2000.

 30. Food and Drug Administration: The FDA intraagency guidelines 
for human tissue intended for transplantation. Fed Reg 58:65514-
65521, 1993.

 31. DeDeyne P, Haut RC: Some effect of gamma irradiation on patellar 
tendon allografts. Connect Tissue Res 27:51-62, 1991.

 32. Hinton R, Jinnah RH, Johnson C, et al: A Biochemical analysis of 
solvent-dehydrated and freeze-dried human fascia lata allografts. 
Am J Sports Med 20:607-612, 1992.

 33. Thomas E, Gresham R: Comparative tensile strength of connective 
tissues. Surg Forum 14:442-443, 1963.

 34. Sutaria PM, Staskin DR: Tensile strength of cadaveric fascia lata 
allograft is not affected by current methods of tissue preparation 
[abstract]. J Urol 161:1194, 1999.

 35. Haut RC, Powlison AC: Order of irradiation and lyophilization on 
the strength of patellar tendon allografts. Proceedings of the 35th 
Meeting of the Orthopedic Research Society. J Bone Joint Surg 
13:514, 1989.

 36. Simonds RJ, Homberg SD, Hurwitz RL: Transmission of human 
immunodefi cient virus type 1 from seronegative tissue donor. N 
Engl J Med, 326:726, 1992.

 37. Beck RP, McCormick S, Nordstrom L: The fascia lata sling proce-
dure for treating recurrent genuine stress incontinence of urine. 
Obstet Gynecol 72:699, 1988.

 38. Buck BE, Resnick L, Shah SM, Malinin TI: Human immunodefi -
ciency virus cultured from bone: Implications for transplantation. 
Clin Orthop 251:249, 1990.

 39. Hathaway JK, Choe JM: Intact genetic material is present in com-
mercially processed cadaveric allografts used for pubovaginal 
slings. J Urol 168:1040, 2002.

 40. Brown P: Transmission of spongioform encephalopathy through 
biological products. Dev Biol Stand 93:73-78, 1998.

 41. Sato T, Hoshi K, Yoshino H, et al: Creutzfeldt-Jakob disease associ-
ated with cadaveric dura mater grafts, Japan, January 1979–May 
1996. MMWR Morb Mortal Wkly Rep 46:1066, 1997.

 42. Birch C, Maynes MM: The role of synthetic and biological pros-
theses in reconstructive pelvic fl oor surgery. Cur Opin Obstet 
Gynecol 14:527, 2002.

 43. Crawford JS: Nature of fascia lata and its fate after implantation. 
Am J Ophthalmol 67:900-907, 1969.

 44. Eleftherios FD, Alexander L, Hohenfellner M, et al: Experimental 
evaluation of free versus pedicled fascial fl aps for sling surgery of 
urinary stress incontinence. J Urol 157:1039-1043, 1997.

 45. FitzGerald MP, Mollenhauer J, Brubaker L: The fate of rectus fascia 
suburethral slings. Am J Obstet Gynecol 183:964-966, 2000.

 46. Arnoczky SP, Warren RF, Ashlock MA: Replacement of the 
anterior cruciate ligament using a patellar tendon allograft: An 
experimental study. J Bone Joint Surg Am 68:376-385, 1986.

 47. McGregir HC, Kubdio GB: The behavior of cialit-stored and freeze-
dried human fascia lata in rates. Br J Plast Surg 27:155-164, 1974.

 48. Horstman JK, Ahmadu-Suka F, Norrdin RW: Anteria cruciate liga-
ment fascia lata allograft reconstruction: Progressive histologic 
changes toward maturity. Arthroscopy 9:509, 1993.

 49. Shino K, Inoue M, Horib S, et al: Maturation of allograft tendons 
transplanted into the knee: An arthroscopic and histological study. 
J Bone Joint Surg Br 70:556, 1988.

Ch059-X2339.indd   621 1/31/2008   2:44:15 PM



622 Section 7 FEMALE ORGAN PROLAPSE

 50. Handa VL, Jensen JK, Germain MM, Ostefard DR: Banked human 
fascia lata for the suburethral sling procedure: A preliminary report. 
Obstet Gynecol 88:1045, 1996.

 51. Labasky RF, Soper T: Reduction of patient morbidity and cost 
using frayed cadaveric fascia lata for the pubovaginal sling [abstract 
1794]. J Urol 157(Part 2):459, 1997.

 52. Wright EJ, Iselin CE, Carr LK, Webster GD: Pubovaginal sling 
using cadaveric allograft fascia for the treatment of intrinsic sphinc-
ter defi ciency. J Urol 160:759-762, 1998.

 53. Chaikin DC, Blaivas JG: Weakened cadaveric fascial sling: an unex-
pected cause of failure. J Urol 160:2151, 1998.

 54. Fitzgerald MP, Mollenhauer J, Brubaker L: Failure of allograft 
suburethral slings. BJU Int 84:785, 1999.

 55. Elliott DS, Boone TB: Is fascia lata allograft material trustworthy 
for pubovaginal sling repair? Urology 56:772, 2000.

 56. Carbone JM, Kavaler E, Hu JC, et al: Pubovaginal sling using cadav-
eric fascia and bone anchors: Disappointing early results. J Urol 
165:1605, 2001.

 57. O’Reilly KJ, Govier FE: Intermediate term failure of pubovaginal 
slings using cadaveric fascia lata: A case series. J Urol 167,1356-
1358, 2002.

 58. Crivellaro S, Smith JJ, Kocjancic E, Bresette JF: Transvaginal sling 
using acellular human dermal allograft: Safety and effi cacy in 253 
patients. J Urol 172:1374-1378, 2004.

 59. Owens DC, Winters JC: Pubovaginal sling using Duraderm™ graft: 
Intermediate follow-up and patient satisfaction. Neurourol Urodyn 
23:115-118, 2004.

 60. FitzGerald MP, Edwards SR, Fenner D: Medium-term follow-up 
on use of freeze-dried, irradiated donor fascia for sacrocolpopexy 
and sling procedures. Int Urogynecol J 15:238-242, 2004.

 61. Frederick RW, Leach GE: Cadaveric prolapse repair with sling: 
Intermediate outcomes with 6 months to 5 years of followup. J Urol 
173:1229-1233, 2005.

 62. Kropp BP, Rippy MK, Badylak SF, et al: Regenerative urinary 
bladder augmentation using small intestinal submucosa: Urody-
namic and histopathologic assessment in long-term canine bladder 
augmentations. J Urol 155:2098, 1996.

 63. Vyotik-Harbin SL, Brightman AO, Kraine M, et al: Identifi cation 
of extractable growth factors from small intestinal submucosa. 
J Cell Biol 67:478, 1997.

 64. Palma P, Riccoetto C, Dambros M, et al: Favorable results from the 
porcine small intestinal submucosa in the treatment of stress 
urinary incontinence. BJU Int 90:251, 2002.

 65. Rutner AB, Levine SR, Schmaelzle JF: Processed porcine small 
intestine submucosa as a graft material for pubovaginal slings: 
Durability and results. Urology 62:805, 2003.

 66. Wiedemann A, Otto M: Small intestinal submucosa for puboure-
thral sling suspension for the treatment of stress incontinence: First 
histopathological results in humans. J Urol 172:215, 2004.

 67. Ho KV, Witte MN, Bird ET: 8-Ply small intestinal submucosa 
tension-free sling: Spectrum of postoperative infl ammation. J Urol 
171:268, 2004.

 68. Arunkalaivanan AS, Barrington JW: Randomized trial of porcine 
dermal sling (Pelvicol™ implant) vs. tension-ree vaginal tape 
(TVT) in the surgical treatment of stress incontinence: A question-
naire-based study. Int Urogynecol J 14:17-23; discussion 21-22, 
2003.

 69. Giri SK, Clyne O, Hickey JP, et al: Prospective randomized trail of 
xenograft versus rectus fascia pubovaginal sling in the treatment of 
stress incontinence. BJU Int 93(Suppl 4):56, 2004.

 70. Gandhi S, Kubba LA, Abramov Y, et al: Histopathologic changes 
of porcine dermal implants used for transvaginal suburethral slings. 
J Pelvic Med Surg 10(Suppl 1):S12, 2004.

 71. Cole E, Gomelsky A, Dmochowski RR: Encapsulation of a porcine 
dermis pubovaginal sling. J Urol 170:1950, 2003.

 72. Dora CD, Kimarco DS, Zobitz ME, Elliott DS: Time dependent 
variations in biomechanical properties of cadaveric fascia, porcine 
dermis, procine small intestine submucosa, polypropylene mesh 

and autologous fascia in the rabbit model: implications for sling 
surgery. J Urol 171:1970-1973, 2004.

 73. Williams TJ, Te Linde RW: The sling operation for urinary incon-
tinence using Mersilene ribbon. Obstet Gynecol 19:241-245, 
1962.

 74. Ridley JH: Appraisal of the Goebell-Frangenheim-Stoeckel sling 
procedure. Am J Obstet Gynecol 95:714-721, 1966.

 75. Morgan JE: A sling operation using Marlex polypropylene mesh for 
treatment of recurrent stress incontinence. Am J Obstet Gynecol 
106:369-377, 1970.

 76. Morgan JE, Farrow GA, Stewart FE: The Marlex sling operation for 
the treatment of recurrent stress urinary incontinence: A 16-year 
review. Am J Obstet Gynecol 151:224, 1984.

 77. Stanton SL, Brindley GS, Holmes DM: Silastic sling for urethral 
sphincter incompetence in women. Br J Obstet Gynaecol 92:747, 
1985.

 78. Duckett JRA, Constantine G: Complication of silicone sling inser-
tion for stress urinary incontinence. J Urol 163:1835, 2000.

 79. Ulmsten U, Heriksson L, Jonson P, Varhos G: An ambulatory sur-
gical procedure under local anesthesia for treatment of female 
urinary incontinence. Int Urogynecol J Pelvic Floor Dysfunct 7:81, 
1996.

 80. Shah DK, Paul EM, Amukele S, et al: Broad based tension-free 
synthetic sling for stress urinary incontinence: 5-Year outcome. 
J Urol 170:849-851, 2003.

 81. Rodriguez LV, Raz S: Prospective analysis of patient treated with a 
distal urethral polypropylene sling for symptoms of stress urinary 
incontinence: Surgical outcome and satisfaction determined by 
patient driven questionnaires. J Urol 170:857-863, 2003.

 82. Kobashi KC, Govier FE: Perioperative complications: The fi rst 
140 polypropylene pubovaginal slings. J Urol 170:1918-1921, 
2003.

 83. Wilson TS, Lemack GE, Zimmerman PE: Management of intrinsic 
sphincteric defi ciency in women. J Urol 169:1662-1669, 2003.

 84. Karram MM, Segal JL, Vassallo BJ, Kleeman SD: Complications 
and untoward effects of the tension-free vaginal tape procedure. 
Obstet Gynecol 101(5 Pt 1):929-932, 2003.

 85. Levin I, Groutz A, Gold R, et al: Surgical complications and 
medium-term outcome results of tension free vaginal tape: A pro-
spective study of 313 consecutive patients. Neurourol Urodyn 23:7-
9, 2004.

 86. Tsivian A, Kessler O, Mogutin B, et al: Tape related complications 
of the tension-free vaginal tape procedure. J Urol 171:762-764, 
2004.

 87. Cumberland VH: A preliminary report on the use of prefabricated 
nylon weave in the repair of ventral hernia. Med J Aust 1:143-144, 
1952.

 88. Scales JT: Materials for hernia repair. Proc R Soc Med 46:647-652, 
1953.

 89. Vervigni M, Natale F: The use of synthetics in the treatment of 
pelvic organ prolapse. Curr Opin Urol 11:429-435, 2001.

 90. White TA: The effect of porosity and biomaterial on the healing 
and long-term mechanical properties of vascular prostheses. ASAIO 
J 11:95-100, 1988.

 91. Voyles CR, Richardson JD, Bland SM, et al: Emergency abdominal 
wall reconstruction with polypropylene mesh: Short-term benefi ts 
versus long-term complications. Ann Surg 194:219-223, 1981.

 92. Chin YK, Stanton SL: A follow up of silastic sling for genuine stress 
incontinence. Br J Obstet Gynaecol 102:143, 1995.

 93. Duckett JR, Constantine G: Complications of silicone sling inser-
tion for stress urinary incontinence. J Urol 163:1835, 2000.

 94. Govier FE, Kobashi KC, Committer C, et al: Multi-center prospec-
tive study of a transvaginal silicone coated synthetic mesh sling. 
Urology 66:741-745, 2005.

 95. Barbalias G, Liatsikos E, Barbalias D: Use of slings made of 
indigenous and allogenic material (Gore-Tex) in type III urinary 
incontinence and comparison between them. Eur Urol 31:394, 
1997.

Ch059-X2339.indd   622 1/31/2008   2:44:15 PM



 Chapter 59 USE OF SYNTHETICS AND BIOMATERIALS IN VAGINAL RECONSTRUCTIVE SURGERY 623

 96. Kobashi KC, Dmochowski RR, Mee SL, et al: Erosion of woven 
polyester pubovaginal sling. J Urol 162:2070, 1999.

 97. Bhargava S, Chapple CR: Rising awareness of the complications of 
synthetic slings. Curr Opin Urol 14:317, 2004.

 98. Nilsson CG, Falconer C, Rezapour M: Seven-year follow-up of the 
tension-free vaginal tape procedure for treatment of urinary incon-
tinence. Obstet Gynecol 104:1259, 2004.

 99. Abouassaly R, Steinberg JR, Lemieux M, et al: Complications of 
tension-free vaginal tape surgery: A multi-institutional review. BJU 
Int 94:110, 2004.

100. Delorme E, Droupy S, deTayrac R, Delmas V: Transobturator tape 
(Uratape): A new minimally-invasive procedure to treat female 
urinary incontinence. Eur Urol 45:203, 2004.

101. De Tayrac R, Deffi eux X, Droupy S, et al: A prospective random-
ized trial comparing tension-free vaginal tape and transobturator 
suburethral tape for surgical treatment of stress urinary inconti-
nence. Am J Obstet Gynecol 190:602, 2004.

102. Bhargava S, Chapple CR: Rising awareness of the complications of 
synthetic slings. J Urol 14:317-321, 2004.

103. Volkmer BG, Nesslauer T, Rinnab L, et al: Surgical intervention 
for complications of tension-free vaginal tape procedure. J Urol 
169:570, 2003.

104. Clemens JQ, DeLancey JO, Faerber GJ, et al: Urinary tract erosions 
after synthetic pubovaginal slings: Diagnosis and management 
strategy. Urology 56:589, 2000.

105. Kobashi KC, Govier FE: Management of vaginal erosion of poly-
propylene mesh slings. J Urol 169:2242-2243, 2003.

106. Paraiso MFR, Ballard LA, Walter MD, et al: Pelvic support defects 
and visceral and sexual function in women treated with sacrospi-
nous ligament suspension and pelvic reconstruction. Am J Obstet 
Gynecol 175:1423-1431, 1996.

107. Shull BL, Capen CV, Riggs MW, Kuehl TJ: Preoperative and post-
operative analysis of site-specifi c pelvic support defects in 81 
women treated with sacrospinous ligament suspension and pelvic 
reconstruction. Am J Obstet Gynecol 166:1764-1771, 1992.

108. Shull BL, Ben SJ, Kuehl TJ: Surgical management of prolapse of the 
anterior vaginal segment: An analysis of support defects, operative 
morbidity, and anatomic outcome. Am J Obstet Gynecol 171:1429-
1439, 1994.

109. Moore J, Armstrong JR, Willis SW: The use of tantalum mesh in 
cystocele with critical report of ten cases. Am J Obstet Gynecol 
69:1127-1135, 1955.

110. Julian TM: The effi cacy of Marlex mesh in the repair of severe 
recurrent vaginal prolapse of the anterior mid vaginal wall. Am J 
Obstet Gynecol 175:1472-1475, 1996.

111. Nicita G: A new operation for genitourinary prolapse. J Urol 
160:741-745, 1998.

112. Flood CG, Drutz HP, Waja L: Anterior colporrhaphy reinforced 
with Marlex mesh for the treatment of cystoceles. Int Urogynecol 
J 9:200-204, 1998.

113. Kobashi KC, Mee SL, Leach GE: A new technique for cystocele 
repair and transvaginal sling: The cadaveric prolapse repair and 
sling (CaPS). Urology 56(S6A):9-14, 2000.

114. Kobashi KC, Leach GE, Chon J, Govier FE: Continued multicenter 
followup of the cadaveric prolapse repair with sling. J Urol 
168:2063-2068, 2002.

115. Sand PK, Koduri S, Lobel RW, et al: Prospective randomized trial 
of polyglactin 910 mesh to prevent recurrence of cystoceles and 
rectoceles. Am J Obstet Gynecol 184:1357-1362, 2001.

116. Weber AM, Walters MD, Piedmonte MR, et al: Anterior colpor-
rhaphy: A randomized trial of three surgical techniques. Am J 
Obstet Gynecol 185:1299-1304; discussion 1304-1306, 2001.

117. Milani R, Salvatore S, Soligo M, et al: Functional and anatomical 
outcome of anterior and posterior vaginal prolapse repair with 
Prolene mesh. BJOG 112:107-111, 2005.

118. De Taryac R, Gervaise A, Fernandez H: [Cystocele repair by the 
vaginal route with a tension-free sub-bladder prosthesis] [French]. 
J Gynecol Obstet Biol Reprod 31:597-599, 2002.

119. Staskin DR, Plzak L: Synthetic slings: Pros and cons. Curr Urol 
Reports, 3:414-417, 2002.

120. Groutz A, Chaikin DC, Theusen E, Blaiva JG: Use of cadaveric 
solvent-dehydrated fascia lata for cystocele repair: Preliminary 
results. Urology 58:179-183, 2001.

121. Chung SY, Frank M, Smith CP, et al: Technique of combined 
pubovaginal sling and cystocele repair using a single piece of cadav-
eric dermal graft. Urology 59:538-541, 2002.

122. Clemmons JL, Myers DL, Aguilar VC, Arya LA: Vaginal paravagi-
nal repair with an AlloDerm graft. Am J Obstet Gynecol 189:1612-
1619, 2003.

123. Powell CR, Simsiman AJ, Menefee SA: Anterior vaginal wall 
hammock with fascia lata for the correction of stage 2 or grater 
anterior vaginal compartment relaxation. J Urol 171:264-267, 2004.

124. Gomelsky A, Rudy DC, Dmochowski RR: Porcine dermis interpo-
sition graft for repair of high grade anterior compartment defects 
with or without concomitant pelvic organ prolapse procedures. 
J Urol 171:1581-1584, 2004.

125. Leboeuf L, Mile RA, Kim SS, Gousse AE: Grade 4 cystocele repair 
using four-defect repair and porcine xenograft acellular matrix 
(Pelicol): Outcome measure using SEAPI. Urology 64:282-286, 
2004.

126. Mage P: [Interposition of a synthetic mesh by vaginal approach in 
the cure of genital prolapse.] [French] J Gynecol Obstet Biol 
Reprod 28:825-829, 1999.

127. Migliari R, De Angelis M, Madeddu G, Verdacchi T: Tension-fee 
vaginal mesh repair for anterior vaginal wall prolapse. Eur Urol 
38:151-155, 2000.

128. Rutman MP, Deng DY, Rodriquez LV, Raz S: Restoring the strength 
of the weakened sacrouterine ligaments (SUL) in vaginal vault 
prolapse and repair of pelvic fl oor relaxation with the use of poly-
propolene mesh [abstract 867]. J Urol 173(4):236, 2005.

129. Latini JM, Brown JA, Kreder KJ: Abdominal sacral colpopexy sing 
autologous fascia lata. J Urol 171:1176, 2004.

130. Soichet S: Surgical correction of total genital prolapse with reten-
tion of sexual function. Obstet Gynecol 36:69-75, 1970.

131. Feldman GB, Birnbaum SJ: Sacral colpopexy for vaginal vault pro-
lapse. Obstet Gynecol 53:399-401, 1979.

132. Dewhurst J, Toplis PJ, Shepherd JH: Ivalon sponge hysterosacro-
pexy for genital prolapse in patients with bladder extrophy. Br J 
Obstet Gynaecol 87:67-69, 1980.

133. Kohli N, Walsh RM, Roat TW, Karram MM: Mesh erosion after 
abdominal sacrocolpopexy. Obstet Gynecol 92:999-1004, 1998.

134. Begley JS, Kupferman SP, Kuznetsov DD, et al: Incidence and 
management of abdominal sacrocolpopexy mesh erosions. Am J 
Obstet Gynecol 192:1956-1962, 2005.

135. Nygaard IE, McCreery R, Brubaker L, et al: Abdominal sacrocol-
popexy: A comprehensive review. Am Coll Obstet Gynecol 104:805, 
2004.

136. Hilger WS, Poulson M, Norton PA: Long-term results of abdomi-
nal sacrocolpopexy. 29th Annual Meeting of the Society of Gyne-
cologic Surgeons, Anaheim, CA, March 5-7, 2003.

137. Snyder TE, Krantz KE: Abdominal-retroperitoneal sacral colpo-
pexy for the correction of vaginal prolapse. Obst Gynecol 77:944-
949, 1991.

138. Costantini E, Lombi R, Micheli C, et al: Colposacropexy with Gore-
Tex mesh in marked vaginal and uterovaginal prolapse. Eur Urol 
34:111-117, 1998.

139. Brizzolara S, Pillai-Allen A: risk of mesh erosion with sacral colpo-
pexy and concurrent hysterectomy. Obstet Gynecol 102:306, 
2003.

140. Culligan PJ, Murphy M, Blackwell L, et al: Long-term success of 
abdominal sacral colpopexy using synthetic mesh. 28th Annual 
Meeting of the Society of Gynecologic Surgeons, Dallas, TX, March 
4-6, 2002.

141. Elneil S, Cutner AS, Remy M, et al: Abdominal sacrocolpopexy for 
vault prolapse without burial of mesh: A case series. BJOG 112:486-
489, 2005.

Ch059-X2339.indd   623 1/31/2008   2:44:15 PM



Part A
ANTERIOR VAGINAL WALL PROLAPSE 

Chapter 60

MANAGEMENT OF THE URETHRA IN 
VAGINAL PROLAPSE
Connie S. DiMarco and Nancy B. Itano

One of the greatest challenges to the reconstructive pelvic fl oor 
surgeon is the approach to pelvic organ prolapse (POP) in the 
clinically continent woman. It is controversial whether the 
urethra should be surgically addressed at the time of vaginal 
prolapse repair. It has been proposed that a prophylactic anti-
incontinence procedure be performed concomitantly due to the 
risk of developing stress urinary incontinence (SUI) once the 
vaginal axis has been restored. The counterargument suggests 
that, because only a small percentage of continent women with 
POP develop SUI postoperatively, many patients would undergo 
an unnecessary procedure with this approach. Even the most 
minimally invasive anti-incontinence procedures carry a poten-
tial risk of morbidity to the patient.

EFFECT OF PELVIC ORGAN PROLAPSE ON 
URINARY SYMPTOMS

Moderate and severe pelvic fl oor relaxation can present with a 
variety of lower urinary tract symptoms. Many urinary symp-
toms can be attributed to obstructive voiding. These symptoms 
may include frequency, urgency, nocturia, hesitancy, double-
voiding, sense of inadequate emptying, stranguria, fl ow intermit-
tency, and suprapubic discomfort. Elevated postvoid residual 
volumes can also lead to recurrent or persistent urinary tract 
infections. Hypothetical causes include urethral kinking, urethral 
compression, bladder neck elongation, and detrusor hypocon-
tractility/dysfunction. When severe prolapse involves the bladder, 
patients can also present with ureteral obstruction and 
hydronephrosis.1,2

Patients with POP may be continent or incontinent. Mecha-
nisms for continence in prolapse include urethral obstruction, 
anatomic urethral kinking with descent of the bladder base, and 
abdominal pressure dissipation.3 These mechanisms may also 
contribute to obstructive voiding symptoms. Bergman and col-
leagues4 proposed that, in prolapse, a large cystocele provides a 
“cushion effect” that absorbs some of the intraabdominal pres-
sure, effectively lowering the abdominal pressure placed on the 
continence mechanism (urethral complex). Ghoniem and associ-
ates3 proposed that the only fi xed portion of the lower urinary 
tract in large cystoceles is the distal urethra, supported by the 
pubourethral ligament. They hypothesized that the pubourethral 
ligament may be the only supporting structure that maintains its 

strength in the setting of severe prolapse, allowing for urinary 
continence.

There are many theories on the cause of stress urinary incon-
tinence (SUI), which are beyond the scope of this chapter. 
However, POP is a common coexisting condition, and prolapse 
reduction (surgical or manual) may reveal an underlying incom-
petent urethral continence mechanism.

Pelvic Organ Prolapse

Dietz and coworkers5 reported on 223 vaginal prolapse patients 
with symptoms of lower urinary tract symptoms presenting in 
two urogynecology clinics. Urinary symptoms included SUI in 
64% (142 patients), urge incontinence in 61% (134), frequency 
in 38% (84), nocturia in 38% (84), and obstructive symptoms 
(including stranguria, sense of incomplete emptying, intermit-
tency, and hesitancy) in 56% (124).

Cystocele

Romanzi and colleagues6 prospectively evaluated 60 women with 
various degrees of cystocele and found the following urinary 
complaints (patients could have more than one symptom): fre-
quency/urgency, 35%; urge incontinence, 15%; stress inconti-
nence, 60%; and diffi cult voiding 23%. Women with higher 
stages of anterior prolapse had a statistically greater likelihood of 
obstructive voiding than did those with lower stages of prolapse 
(70% in grades 3/4 versus 3% in grades 1/2). Obstruction was 
defi ned as a maximum detrusor pressure at maximum fl ow 
(PdetQmax) of greater than 25 cm H2O and a maximum fl ow of less 
than 15 mL/sec.

Uterovaginal Prolapse

Patients with uterovaginal prolapse may also present with lower 
urinary tract symptoms. The group at Kaohsiung Medical Uni-
versity7 studied 38 clinically continent and 20 incontinent women 
with stage III/IV complete uterovaginal prolapse. Incontinent 
women were more likely to report urinary frequency, urgency, 
and nocturia. However, the continent women had a higher inci-
dence of voiding hesitancy. Urodynamic parameters between the 
two groups were compared. The women without stress inconti-
nence had signifi cantly higher (PdetQmax), maximum urethral 
closure pressures (MUCP), and urethral-abdominal pressure 
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transmission ratios (Table 60-1). The pressure transmission ratio 
should be 1.0 (ideal) when increases in abdominal pressure are 
transmitted equally to the abdominal transducer (usually rectal 
or vaginal) and the urethral transducer. With rotation of the 
urethra, compressive forces from the abdominal cavity are 
incompletely transmitted to the urethral complex, creating a 
ratio of less than 1.0.

Posthysterectomy Vault Prolapse and Enterocele

Wall and Hewitt8 described urinary characteristics in 19 women 
with complete posthysterectomy vaginal vault prolapse. Symp-
toms of urgency was present in 79% (15 patients) and urge 
incontinence in 63% (12 patients). Occult SUI was demonstrated 
by prolapse reduction with a single-bladed speculum in 47% (9 
patients). Urodynamic parameters included peak fl ow rate (Qmax) 
and PdetQmax. The mean Qmax was 11 mL/sec, and PdetQmax was 
50 cm H2O, meeting the pressure-fl ow parameters for female 
outlet obstruction outlined by Massey and Abrams.9

Rectocele

Even patients with isolated posterior wall support defects can 
have masked SUI. Myers and colleagues10 evaluated 90 patients 
with isolated posterior compartment prolapse, including 28 
with grade III+ rectoceles. Fourteen percent (n = 4/28) demon-
strated SUI when their prolapse was reduced with a split 
Pederson speculum that was not present without prolapse reduc-
tion. The mean decrease in MUCP with rectocele reduction was 
7.0 cm H2O. The authors theorized that severe posterior wall 
defects act to compress and support the anterior wall, artifi cially 
raising the MUCP, increasing functional length, and masking 
SUI.

Women with POP can present with a myriad of urinary symp-
toms. A thorough history must include extensive details of 
voiding habits, including a previous history of incontinence that 
improved with worsening prolapse. As with staging of prolapse 
severity, physical examination fi ndings can vary with bladder 
volume, rectal contents, and position. The Pelvic Floor Disorders 
Network recently published their fi ndings on technique modifi -
cations that can result in intraobserver variability.11 Prolapse was 
graded as more severe in the standing position compared with 
the lithotomy supine position. The type of speculum was not 
standardized. Prolapse severity was consistent using either a split 
speculum or a manual (two-digit) reduction method. Urinalysis 
should be performed to rule out urinary tract infection, and a 
culture with sensitivities can be sent if necessary. A screening 
postvoid residual volume measurement, either by catheterization 
or by bladder ultrasound, is a simple means to identify patients 
with urinary retention.

OCCULT STRESS INCONTINENCE IN PROLAPSE

Many patients with signifi cant POP are continent and demon-
strate SUI only when their prolapse is reduced. There is no “gold 
standard” method for determining whether a patient has occult 
SUI. The incidence of “masked” incontinence varies with the 
method of prolapse reduction, with rates of 25% to 80% reported 
in the literature.12-15

The goal of prolapse reduction is to simulate surgical repair 
and determine whether the patient will be at risk for development 
of postoperative de novo SUI. Potential pitfalls include obstruct-
ing the urethra, which would lower the SUI detection rate, and 
mechanically widening the levator hiatus, which would falsely 
elevate the SUI detection rate (Table 60-2).

Several methods of prolapse reduction to detect occult 
SUI have been described. A positive cough stress test (CST) is 
determined by objective urethral leakage with increased intra-
abdominal pressure. Bladder volumes vary but are commonly 
reported between 150 and 250 mL. Urodynamics can be employed 
to ensure that urinary leakage is not the result of bladder com-
pliance abnormalities or detrusor instability. Fluoroscopy may 
also contribute additional anatomic information.

Pessary

The primary objective of a pessary is to reduce symptomatic 
vaginal prolapse. A pessary can be used temporarily to assess for 
underlying SUI, as described later. Patient satisfaction is also high 
when these devices are used for nonoperative management of 
prolapse. Clemons and associates16 recently studied patient satis-
faction and changes in urinary symptoms among women using 
either a ring or a Gellhorn pessary after 2 months. Of the initial 
100 patients, 73% were successfully fi tted with a pessary. SUI 
improved in 45% of the patients who had incontinence symp-
toms at baseline. Among women without incontinence at base-
line, de novo SUI developed in 21%. Pessaries may be employed 
both in the offi ce setting and in long-term home use to unmask 
SUI.

Placement of a pessary to reduce prolapse requires appropri-
ate sizing. There should be one fi ngerbreadth of room around 
the pessary circumferentially, to prevent compression. Similarly, 
if the pessary is too small, the patient may extrude it when 
attempting to cough or perform a Valsalva maneuver. Some pes-
saries are designed to prevent stress incontinence (e.g., a shelf 
pessary) and should be avoided in this scenario. This requires a 
health care provider who is facile in pessary fi tting and an inven-
tory of pessaries of various shapes and sizes on hand.

In one of the earliest studies, Richardson and colleagues13 
found that 8 (80%) of 10 continent patients with uterine prolapse 
were incontinent after reduction with an infl atable pessary.

Table 60-1 Urodynamic Comparison of Continent and Incontinent Women with Stage III/IV Uterovaginal Prolapse

Parameter Continent Patients (n = 20) Incontinent Patients (n = 38) P Value

PdetQmax (mean, cm H2O) 38 24 .01
MUCP (mean, cm H2O) 84 63 .03
Urethral-abdominal pressure transmission ratio  1.02  0.66 .02

MUCP, maximum urethral closing pressure; PdetQmax, detrusor pressure at maximum fl ow.
From Long CY, Hsu SC, Wu TP, et al: Urodynamic comparison of continent and incontinent women with severe uterovaginal prolapse. J Reprod Med 
49:33-37, 2004.
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Bergman and coauthors4 described the use of a Smith-Hodge 
pessary (size 2 or 3) to reduce prolapse in 67 women without 
symptoms of SUI. Twenty-four patients had a drop in abdominal 
pressure transmission to the urethra (<1.0) with pessary inser-
tion. These patients were identifi ed as having a “high likelihood” 
of developing SUI due to “sphincter weakness.” Seventy-one 
percent (17/24 patients) had objective loss of urine with pessary 
placement. Straining Q-tip urethral angles were similar for 
pessary-supported patients with and without declines in pressure 
transmission. Urethral hypermobility did not seemingly contrib-
ute to pressure transmission.

Versi and associates,12 using a Gehrung pessary, reported on 
49 patients with stage II/III anterior wall relaxation. The radio-
paque edge of the Gehrung pessary allowed visualization of 
pessary position during videourodynamics, ensuring that the 
bladder neck and urethra were not compressed. One of the 49 
patients (2%) could not retain the pessary and was excluded from 
the study. Occult “genuine” SUI was diagnosed if there was fl uo-
roscopic leakage of contrast into the urethra in the absence of 
detrusor activity. Of the 22 patients without symptoms of stress 
incontinence, 26% (7 patients) demonstrated genuine SUI.

A ring pessary may be also be used. Hextall and associates14 
demonstrated that 27% (19/70) of their subjects had objective 
loss of urine only when the ring pessary was placed. Patients 
underwent urodynamics to ensure that detrusor instability was 
not the cause of the incontinence.

Klutke and Ramos published their series on patients who had 
their prolapse reduced with a Gellhorn pessary.17 A positive CST 
was defi ned as urethral leakage in the absence of detrusor insta-
bility on cystometry. All patients with a positive CST underwent 
a concomitant Burch colposuspension or combined needle sus-
pension/culposuspension at the time of anterior-posterior repair. 
Four percent (1/23) of patients in the colposuspension group 
developed de novo SUI, and 30% (7/23) developed de novo 
detrusor instability. In the group with reconstruction only, no 
patients developed de novo SUI, and only 5% (1/20) developed 
de novo detrusor instability.

These studies show that pessaries are an effective means to 
reduce vaginal prolapse in the evaluation of occult SUI. A nega-
tive pessary test can predict which patients may be incontinent 
after prolapse repair.

Vaginal Packing

Vaginal packing does not require special equipment. Adequate 
packing should reduce prolapse without forcing the levator hiatus 
open and without obstructing the urethra. Ghoniem and associ-
ates3 described a method using two rolls of 4 × 4 inch gauze. 
Fluoroscopy confi rmed that the urethra was not compressed. 
Urodynamics confi rmed that leakage was not caused by an unin-
hibited detrusor contraction. Vaginal packing was placed in two 
groups: patients with signifi cant cystoceles (n = 16) and a control 
group of patients without prolapse (n = 10). In the control group, 
vaginal packing did not change MUCP or the proximal urethral 
closing pressure. Packing revealed objective urine loss in 69% 
(11/16) of the patients with prolapse. There was no difference in 
MUCP between those with occult SUI and those without SUI. 
The only difference was a lower proximal urethral closing pres-
sure in those with occult SUI compared to those without SUI. 
The authors concluded that their technique of vaginal packing 
did not alter urethral pressure dynamics.

Split Speculum

The split speculum (posterior speculum blade) is also used as 
part of the physical examination to measure the degree of pro-
lapse, as recommended by the International Continence Society.18 
This is easily performed when the patient is in the supine posi-
tion. A split speculum can be used to reduce prolapse while 
asking the patient to cough or bear down. Urethral leakage can 
be readily visualized. Using a speculum with the patient seated 
or standing is technically more diffi cult. The handle of the split 
speculum may be secured on the perineum (for apical or poste-
rior prolapse) or near the mons pubis (for anterior prolapse). 
Patients are often sitting or standing during urodynamic studies 
to recreate the conditions (i.e., positioning) during which urinary 
symptoms occur. If a Graves speculum (no handle) is used, it 
may need to be held in place manually.

Gallentine and Cespedes19 used gauze packing in conjunction 
with a split speculum to detect occult SUI in patients with 
posthysterectomy vault prolapse. The frequency of occult SUI 
was 50% (6/12 patients). The mean decrease in abdominal leak 
point pressure was 59 cm H2O.

Table 60-2 Detection Rate of Occult SUI after Anti-incontinence Surgery According to Preoperative Status

SUI after Surgery (% [No.])

Study & Ref. 
No. Year Surgery Type N

Detection of 
Occult SUI 
(% [No.])

Incontinent 
Preoperatively

Occult SUI 
Preoperatively

Continent 
Preoperatively 

(No Occult SUI)*

Stanton et al21 1982 Anterior plication 73 69 (20/29) 11 (5/44)
Kayano et al22 2002 Kelly-Kennedy 33 69 (23/33) 61 (14/23)
Chaikin et al23 2000 PVS 24 58 (14/24) 14 (2/14) 0 (0/10)
Gordon et al27 2001 TVT 30 10 (3/30)
Barnes et al24 2002 PVS 38  5 (2/38)
Meschia et al26 2004 TVT 25   4 (1/25)

Anterior plication 25 36 (9/25)
de Tayrac et al25 2004 TVT 40 (19/48)  7 (1/15)  0 (0/11)

No sling 36 (5/14) 13 (1/8)

PVS, bladder neck pubovaginal sling; SUI, stress urinary incontinence; TVT, tension-free vaginal tape.
*Negative cough stress test for occult SUI.
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Cotton Swabs

A swab (such as a Scopette or Procto-swab) may be placed at the 
cuff or in the posterior fornix to reduce prolapse. The non-swab 
end may be taped to the patient’s thigh.

Veronikis, Nichols and Wakamatsu15 prospectively evaluated 
the three techniques of prolapse reduction in 30 patients with 
massive POP. They used an intravaginal swab, a Gellhorn pessary, 
and the posterior blade of a Graves speculum in each patient. The 
pessary was dislodged in fi ve patients and expelled completely in 
three patients during cystometry. The Scopette technique detected 
the highest rate of occult SUI (83%, 25/30). The mean MUCP 
was lower with the Scopette technique compared with use of a 
speculum or pessary and with unreduced prolapse. The swab 
technique diagnosed patients with a low-pressure urethra that 
would have been missed by the other techniques.

OUTCOME STUDIES

All of the techniques described previously attempt to predict 
which patients (among those without stress incontinence symp-
toms) might benefi t from a preemptive anti-incontinence proce-
dure. It is distressing to both the patient and the physician when 
a successful vaginal prolapse surgery is complicated by the devel-
opment of de novo SUI. But this must be tempered by the poten-
tial urinary complications that can result from unnecessary 
procedures, such as de novo urge incontinence, urinary reten-
tion, and mesh erosion.

In addition to the presence of occult SUI, consideration should 
be given to baseline detrusor function. Many patients void by 
means of pelvic fl oor relaxation and/or Valsalva maneuvers, instead 
of a true detrusor contraction. Miller and colleagues20 showed that 
lack of a detrusor contraction was a signifi cant risk factor for 
development of urinary retention after cadaveric fascia lata bladder 
neck pubovaginal sling surgery. Patients with prolapse can have 
complicated voiding patterns. It is possible to void without detru-
sor activity, have incomplete emptying due to urethral kinking, 
and have occult intrinsic defi ciency simultaneously.

Anterior Repairs

In 1982, Stanton and coworkers21 published their prospective 
series of 73 patients who underwent anterior colporrhaphy and 
vaginal hysterectomy for a variety of reasons (prolapse, men-
strual problems, elective sterilization). Eleven percent of patients 
(5/44) who were continent preoperatively developed objective 
evidence of SUI postoperatively, despite undergoing an anterior 
colporrhaphy; 69% (20/29) with SUI symptoms preoperatively 
continued to have SUI symptoms.

Another study, published in 2002,22 sought to evaluate patients 
before and after vaginal hysterectomy combined with a Kelly-
Kennedy anterior plication. Twenty-three of the 33 postmeno-
pausal patients had objective loss of urine preoperatively (69%). 
Three months postoperatively, 14 (61%) continued to show 
objective SUI. The authors concluded that a Kelly-Kennedy 
repair was not indicated in the treatment of SUI.

Traditional Pubovaginal Sling at the Bladder Neck

Chaikin and colleagues23 prospectively evaluated continent 
women undergoing surgical repair of severe urogenital prolapse. 

Pessary testing was performed to unmask sphincteric inconti-
nence. Occult incontinence was discovered in 58% (14/24) of the 
patients. All of these patients underwent a pubovaginal sling 
procedure at the bladder neck in addition to anterior colporrha-
phy. With a mean follow-up of 44 months, 14% (2/14) remained 
incontinent. The authors believed that the pubovaginal sling did 
not increase the risk of de novo urge incontinence. Only one 
woman developed urge incontinence postoperatively. None of 
the patients who remained continent with pessary reduction 
developed SUI. The authors concluded that the pessary test was 
a useful way to unmask clinically relevant SUI.

Barnes and associates24 also reported on the placement of a 
traditional pubovaginal sling tied over the rectus fascia using 
autologous rectus fascia, cadaveric fascia lata, or free vaginal wall 
graft in 38 patients. All patients had occult SUI unmasked by 
vaginal packing or pessary reduction. Concomitant transvaginal 
site-specifi c repairs were performed: cystocele in 100% (38 
patients), rectocele in 50% (19), enterocele in 45% (17), vault 
fi xation in 39% (15), and vaginal hysterectomy in 21% (8). With 
15 months’ mean follow-up, 5% (2/38) of the patients had devel-
oped SUI. De novo urge incontinence occurred in only 9.5% 
(2/38). No patients developed permanent urinary retention, and 
mean the postoperative postvoid residual volume was 25 mL. 
There was only one perioperative complication, which was a 
wound infection. The authors concluded that the performance 
of a simultaneous pubovaginal sling did not cause excessive 
voiding dysfunction or prolonged urinary retention and should 
be considered as a prophylactic anti-incontinence procedure in 
women with occult SUI and severe urogenital prolapse.

Suburethral Synthetic Sling

In a contemporary study from de Tayrac and colleagues,25 
tension-free vaginal tape (TVT) placement was performed at the 
time of transvaginal prolapse repair. Prolapse was reduced 
(although the method of reduction was not stated), and a CST 
was done with a full bladder (300 to 500 mL). Forty percent of 
patients (19/48) had occult SUI once prolapse was reduced; 60% 
(29/48) had complaints of SUI at baseline. Among the patients 
with a positive CST (n = 19), 11 patients underwent TVT plus 
prolapse repair, and 8 had the prolapse repair only. No patient 
(0/11) with occult incontinence developed SUI after TVT. Almost 
one third (27%, n = 3) developed voiding dysfunction. Among 
the 8 patients with a positive CST who did not receive a TVT, 
only 1 developed stress incontinence, and none developed voiding 
dysfunction. Among those patients with baseline symptomatic 
SUI (n = 29), 15 received TVT and 14 did not. Postoperative SUI 
occurred in 1/15 of the TVT group (7%) versus 5/14 (36%) of 
the non-TVT group. Voiding dysfunction occurred in 2 (13%) 
of 15 patients in the TVT group 0 of 14 in the control group.

Researchers from the University of Milan26 randomized 
patients with occult SUI to receive either bladder neck fascia pli-
cation or TVT in addition to prolapse repair. Occult inconti-
nence was detected by a split Sims speculum and a CST. Clinical 
SUI developed in 1 patient with TVT (4%) and in 9 of 25 women 
with fascial plication (36%). The addition of TVT resulted in two 
surgical complications: a recognized bladder perforation and a 
retropubic hematoma. The series was not suffi ciently powered to 
detect a signifi cant difference in de novo urge incontinence, 
although the rate was higher in the TVT group than in the control 
group (12% versus 4%, P = .66). The authors recommended 
prolapse reduction by split speculum technique to detect patients 
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at risk for development of SUI postoperatively, because 36% of 
their patients developed clinically signifi cant SUI.

Gordon and colleagues27 performed a prophylactic TVT in a 
series of 30 consecutive women diagnosed with occult SUI and 
severe prolapse. No patients developed symptomatic SUI, but 
10% (3/30) had positive objective fi ndings of SUI on CST. There 
was a 13% rate of de novo urge incontinence, which is within the 
range reported after TVT in the literature. These patients also 
underwent signifi cant prolapse surgery.

The experience with suburethral slings performed via a trans-
obturator approach is still limited. Published outcomes after 
transobturator sling placement are currently limited to the treat-
ment of clinically signifi cant SUI and do not include occult SUI 
in severe urogenital prolapse.

DISCUSSION

Patients with vaginal prolapse can present with a myriad of 
urinary symptoms. A thorough history, physical examination, 
and method for identifying occult SUI and detrusor function are 
suggested before surgical treatment of vaginal prolapse. Patients 
should still be counseled on the potential risks and benefi ts of 
choosing a concomitant anti-incontinence surgery. Compared 
with traditional procedures (e.g., Burch colposuspension, bladder 
neck pubovaginal slings), newer, minimally invasive midurethral 
slings may have the advantage of less voiding dysfunction with 
no added recovery time when performed along with vaginal pro-
lapse repair.
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Chapter 61

CADAVERIC FASCIAL REPAIR OF CYSTOCELE
Gary E. Leach and Sarah A. Rueff

Traditional anterior colporrhaphy and paravaginal repair of cys-
toceles are associated with recurrence rates as high as 33% and 
71%, respectively.1,2 The fascial defects responsible for anterior 
wall prolapse have been previously described.3 Lateral defects, 
which involve detachment of the endopelvic fascia from the arcus 
tendineous fascia, are more common. Central defects result from 
a break in the pubocervical fascia, the supportive layer between 
the bladder and the vaginal wall. These defects are not mutually 
exclusive; both may be present simultaneously.

Multiple inherent problems exist with anterior colporrhaphy 
and paravaginal repair for anterior vaginal wall prolapse. First, as 
each is described, only one of the potential areas of defect, central 
or lateral, is addressed. Second, each involves reapproximation 
or plication of the patient’s own tissue, which has already shown 
a propensity for weakness. Inevitably, reapproximation of tissue 
occurs under tension and can result in varying degrees of vaginal 
narrowing and unacceptable recurrence rates.

Cystocele repair with nonfrozen cadaveric fascia lata offers 
several advantages. In the technique described here, both central 
and lateral defects are addressed and repaired simultaneously. 
The repair is performed transvaginally and secured without the 
tension that is often necessary in traditional repairs. Avoidance 
of tissue plication results in minimal vaginal narrowing, which is 
especially important for patients who are sexually active. We use 
solvent-dehydrated, nonfrozen cadaveric fascia (Tutoplast, 
Mentor Corp., Santa Barbara, CA) and avoid the use of the 
patient’s inherently weak tissue. Studies have shown that the 
tensile strength and tissue stiffness maintained by the fi ve-step 
preparation process are comparable to those of native autologous 
rectus fascia.4 On the other hand, freeze-dried cadaveric fascia 
has been shown to have less tensile strength and more tissue 
inconsistencies.5

The technique described, cadaveric prolapse repair with sling 
(CaPS), involves prolapse repair and simultaneous placement of 
a transvaginal sling to support the proximal urethra and bladder 
neck. The procedure is performed both in patients who complain 
of preoperative SUI and in those with occult SUI demonstrated 
with prolapse reduction. Controversy has existed in the literature 
regarding the need for prophylactic placement of slings at the 
time of prolapse repair in women who do not complain of SUI. 
However, studies have shown that repairing a cystocele without 
simultaneously supporting the urethra/bladder neck results in 
unacceptable rates of postoperative SUI.6 In addition, clinically 
continent women with genitourinary prolapse and occult SUI are 
considered to be at high risk of developing symptomatic SUI 
once the prolapse is repaired.7,8 Although one may worry that the 
prophylactic placement of a pubovaginal sling at the time of 
prolapse repair in women who do not complain of SUI could 
result in higher rates of postoperative retention, our previous 
published results on the CaPS have not shown this to be the 
case.9-11

PREOPERATIVE EVALUATION

Before repair of prolapse, a thorough history is obtained, which 
should include a gynecologic history, number of vaginal deliver-
ies, and prior anti-incontinence procedures. The severity of a 
patient’s symptoms is ascertained through subjective SEAPI 
scores (Table 61-1),12 and the effect of the incontinence and 
prolapse symptoms on the patient’s quality of life is measured by 
a validated questionnaire.13

A careful physical examination is performed to determine the 
degree of prolapse.

The patient is examined in both the dorsal lithotomy and the 
standing position with a full bladder. The vaginal mucosa is 
inspected for signs of atrophy. The posterior blade of a Graves 
speculum is used to retract the posterior vaginal wall, and the 
patient is asked to cough and to perform Valsalva maneuvers. 
The urethra is examined for hypermobility and stress incon-
tinence, and descensus of the anterior vaginal wall is graded 
using the Baden-Walker classifi cation (Table 61-2).14 Incidental 
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Table 61-1 SEAPI Incontinence Score

Stress-related leakage (“S”) 0 = No urine loss
1 = Loss with strenuous activity
2 = Loss with moderate activity
3 = Loss with minimal activity

Emptying ability (“E”) 0 = No obstructive symptoms
1 = Minimal symptoms
2 = Signifi cant symptoms
3 = Only dribbles or retention

Anatomy (“A”) 0 = No descent with strain
1 = Descent, not to introitus
2 =  Through introitus with 

strain
3 = Through introitus at rest

Protection (“P”) 0 = Never used
1 = Certain occasions
2 = Daily, occasional accidents
3 =  Continually, frequent 

accidents or constant 
leakage

Inhibition (“I”) 0 = No urge symptoms
1 =  Rare urge urinary 

incontinence (UUI)
2 = UUI once/week
3 = UUI at least once/day

From Raz S, Erickson DR: SEAPI QNM Incontinence classifi cation system. 
Neurourol Urodyn 11:187-199, 1992.
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grade 1 cystoceles found in patients who present with other com-
plaints are not routinely repaired. The posterior and apical com-
partments are examined systematically for associated prolapse. 
Apical prolapse may not be evident with the patient in the lithot-
omy position, so it is important to also examine the patient 
standing with two fi ngers in the vagina to evaluate for uterine/
vaginal cuff descensus. A focused neurologic examination is per-
formed to assess for the presence of neurologic defi cits.

Urodynamic evaluation is performed in all patients before 
surgical repair. Evaluation of SUI is performed both with and 
without prolapse reduction. Assessment of underlying bladder 
dysfunction, such as detrusor overactivity, sensory instability, 
poor compliance, or incomplete emptying, is important for doc-
umentation purposes. Patients with elevated postvoid residuals 
are counseled regarding the possible need for intermittent cath-
eterization postoperatively.

An upper urinary tract evaluation with renal ultrasound is 
performed before prolapse repair. This provides a baseline study 
should the patient develop postoperative fl ank pain, and it also 
evaluates for preexisting hydronephrosis secondary to kinking of 
the distal ureters from prolapse.

PREOPERATIVE PREPARATION

Before prolapse repair is performed, the urine is confi rmed to be 
sterile. Patients are taught self-catheterization preoperatively. 
In the event that a patient is unable to learn self-catheterization 
or has documented incomplete emptying preoperatively, con-
sideration of placing a suprapubic tube intraoperatively should 
be made. Preferably, patients with vaginal wall atrophy should 
use estrogen vaginal cream for 4 to 6 weeks before surgery. 
Patients are instructed to use one third of an applicator of estro-
gen three times a week to improve the quality of vaginal tissue 
and postoperative healing properties. A povidone-iodine vaginal 
douche is performed the night before and on the morning of 
surgery. Perioperative antibiotics are given. We prefer to use 
a fi rst-generation cephalosporin, ampicillin, or vancomycin 
(if the patient is allergic to penicillin) combined with an 
aminoglycoside.

Transvaginal repair of associated apical or posterior prolapse 
is performed with the CaPS procedure. A thorough discussion 
of the risks and complications of prolapse surgery is undertaken 
before the operation. Patients are counseled regarding the 
possibility of prolonged or permanent urinary retention, occult 
or recurrent SUI, recurrent anterior prolapse, and recurrent 
or de novo prolapse apically or posteriorly. All patients are 
counseled about the risk of persistent or de novo urgency 
symptoms and that either of these may require treatment in the 
future.

OPERATIVE PROCEDURE

The procedure is performed with the patient in the dorsal lithot-
omy position. A Foley catheter is placed, and a Scott retractor 
(Lonestar, Houston, TX) is secured to the medial buttocks with 
towel clamps. If there is question of an enterocele within the 
anterior prolapse, an iodine-soaked packing is placed within 
the rectum before preparation and draping for the procedure. 
The anterior vaginal wall is infi ltrated with saline, and the Foley 
balloon is palpated at the bladder neck. A midline incision is 
made from the mid-urethra to the cervix or vaginal cuff (Fig. 
61-1). With the use of Metzenbaum scissors, the cystocele is dis-
sected off of the anterior vaginal wall via dissection on the white, 
shiny layer of the inside of the vaginal wall. In the proper plane, 
there should be little or no need for use of bovie cauterization. 
Dissection is continued until the levator complex, consisting of 
the levator ani musculature and pubocervical fascia, is exposed 
bilaterally (Fig. 61-2).

Dissection at the level of the bladder neck is performed for 
sling placement. For the CaPS procedure, the pubic bone is 
cleared bilaterally to allow placement of transvaginal bone 
anchors. In patients with urethral fi xation or scarring from prior 

Table 61-2 Baden-Walker Prolapse Classifi cation

Figure 61-1 A midline incision is made from the mid-urethra to the 
cervix or vaginal cuff.

Figure 61-2 The cystocele is dissected off of the anterior vaginal 
wall laterally to expose the levator complex bilaterally.
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procedures, urethrolysis is performed to free the urethra and 
allow the sling to apply adequate urethral compression.15 Bone 
anchors with polypropylene sutures attached are then placed 
with the use of a transvaginal drill (InFast, American Medical 
Systems, Minneapolis, MN) (Fig. 61-3). The bladder is placed on 
drainage, and the drill is positioned fl ush on the undersurface of 
the pubic bone. The drill is activated, and a change in tone signi-
fi es fi rm placement of the anchor into the bone (Fig. 61-4). The 
drill is removed, and a fi rm pull on the suture should confi rm 
secure anchor placement. Bone anchor placement is repeated on 
the opposite side. Then, 4-0 polydiaxanone sutures (two on each 
side) are placed into the levator complex and tagged for the cys-
tocele repair. A fi fth suture is placed into the vaginal cuff or cervix 
for proximal support (Fig. 61-5).

A 6 × 8 cm piece of nonfrozen cadaveric fascia lata (Tuto-
plast), presoaked in antibiotic solution, is cut along the line of its 
fi bers in a “T” confi guration. The top portion serves as a 2-cm 
wide sling (Fig. 61-6). The edges of the sling portion are folded 

over, because cross-hatching of the fi bers minimizes chances of 
pull through.16 An 18-gauge needle is used to pass the bone 
anchor sutures on one side through the folded edge. The bladder 
neck suture is placed more medially than the distal suture to keep 
the fascia tight against the bladder neck (Fig. 61-7). The sutures 
are tied and secured in place up to the bone. The distal edge of 
the sling is attached to the periurethral fascia with a 2-0 absorb-
able suture to prevent rolling of the edge of the sling toward the 
bladder neck. The free edge of the fascia is folded over, and the 
appropriate position of the contralateral sutures is determined. 
The fascia should lie snug against the urethra without excessive 
tension. In the our experience, the use of a right angle clamp 
placed between the urethra and the sling while deciding proper 
tension can result in the sling’s being tied too loosely. Once the 
proper position is determined, the sutures are passed through the 
folded fascial edge with an 18-gauge needle. The bladder neck 
suture is placed more medial, and the sutures are subsequently 
tied. The fascia is then positioned for cystocele repair. The edge 
of the fascial patch is folded over and held in place with Allis 
clamps on the top and bottom. The previously placed levator 
sutures are passed through the edge of the fascia bilaterally and 

Figure 61-3 A transvaginal drill is used to place bone anchors into 
the pubic bone.

Figure 61-4 The transvaginal drill is placed on the undersurface of 
bone and activated until a change in tone signifi es fi rm placement 
of the bone anchor.

Figure 61-5 Size 1-0 polydioxanone sutures are placed into the 
levator complex bilaterally and the cervix or vaginal cuff proximally 
to provide support for the fascial patch.

Figure 61-6 A 6 × 8 cm piece of cadaveric fascia is cut into a “T” 
confi guration along the line of its fi bers. The top portion serves as a 
2-cm wide sling.
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632 Section 7 FEMALE ORGAN PROLAPSE

tied to reduce the cystocele (Fig. 61-8). Care should be taken to 
avoid excess tension on the levator complex that can occur with 
excess folding of the fascial edge. Lastly, the apical suture within 
the cervix or vaginal cuff is passed through to secure the proximal 
aspect of the fascia in place.

Cystoscopy is performed after the administration of intrave-
nous indigo carmine. Examination with a 70-degree lens is done 
to ensure patency of the ureters and exclude bladder injury. 
Examination with a 0-degree lens is performed to exclude ure-
thral injury. Irrigation with antibiotic-impregnated solution 
should be performed throughout the procedure. Once hemosta-
sis is obtained, redundant vaginal epithelium is trimmed, and the 
incision is closed with a running 2-0 absorbable suture. Care 
should be taken to avoid excess trimming of redundant epithe-
lium as well as excess tension on the vaginal closure, which can 
result in either wound separation or vaginal narrowing postop-
eratively. A Foley catheter and a Betadine-soaked vaginal pack 
are left in place.

The CaPS technique can be modifi ed to accommodate other 
techniques of sling placement and alternative sling materials. We 

are currently investigating the utility of using a synthetic trans-
obturator sling while continuing to use cadaveric fascia for the 
prolapse repair.17 For this modifi cation, the cystocele is dissected 
off of the vaginal wall to the levator complex bilaterally, as 
described earlier. Lateral dissection for the transobturator sling 
is performed before cystocele suture placement. The sling is 
placed using the transobturator technique, and then a 4 × 7 cm 
piece of cadaveric fascia lata (Tutoplast) is folded and attached 
to the levator complex, as described previously (Fig. 61-9). 
Proper sling tension is decided by positioning Metzenbaum scis-
sors between the urethra and the sling and adjusting accordingly 
(Fig. 61-10). The vaginal epithelium is then closed with 2-0 
absorbable suture, and a vaginal pack and Foley catheter are left 
in place.

POSTOPERATIVE CARE

The vaginal packing and Foley catheter are removed on the 
morning of the fi rst postoperative day. Patients are restricted to 
1500 mL of fl uid per day. A voiding trial is given, and residual 
urine measurement is obtained via intermittent catheterization. 
Eighty percent of patients void to completion immediately after 
surgery. If residual urine measurements are greater than 100 mL, 
patients are reinstructed on self-catheterization. If a suprapubic 
tube is placed intraoperatively, residuals are checked in this 
manner. Patients are continued on intravenous antibiotics for 24 
hours postoperatively and then begun on oral antibiotics (cepha-
lexin or fl uoroquinolone) for 1 week to minimize the risk of 
osteitis pubis or wound infection. Patients are routinely dis-
charged on postoperative day 1 with oral analgesics and stool 
softeners in addition to antibiotics. Patients with elevated post-
void residuals are instructed to continue to monitor at home via 
self-catheterization or suprapubic tube until residuals are consis-
tently less than 100 mL. If a patient is unable to learn or is 
uncomfortable performing self-catheterization, she can be dis-
charged home with a Foley catheter and return for a trial of void 
in the offi ce. At the time of discharge, patients are instructed to 

Figure 61-7 The bone anchor sutures are passed through the 
folded edge of the sling portion of the fascia. The bladder neck 
suture is placed more medial to allow the sling to lie tight against 
the bladder neck.

Figure 61-8 The fascial patch is secured to the previously placed 
sutures to repair the cystocele.

Figure 61-9 Modifi cation of the cadaveric prolapse repair with sling 
(CaPS) technique. Cystocele sutures are placed within the levator 
complex, followed by sling passage using the transobturator 
technique. The synthetic sling is retracted superiorly while the fascia 
is attached to the levator sutures to repair the cystocele.
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avoid heavy lifting or straining and to observe pelvic rest (i.e., no 
intercourse, no tampons) for 6 weeks postoperatively.

Patients are seen for follow-up at 1 week, 6 weeks, 6 months, 
12 months, and yearly thereafter. Evaluation consists of urinaly-
sis, postvoid residual urine measurement, and physical examina-
tion, as well as determination of subjective SEAPI scores. Patients 
are also administered a confi dential, validated continence and 
satisfaction questionnaire every 6 to 12 months postoperatively, 
the results of which are entered into a prospective patient 
database.

RESULTS

Incontinence Outcomes

The CaPS procedure has been performed on a total of 340 
patients. Eighty-four percent (287/340) now have at least 6 
months of questionnaire follow-up (range, 6 to 74 months; mean, 
27.4 months). Based on the patient questionnaire response, 
“cure” of incontinence is defi ned as no incontinent episodes 

Figure 61-10 Transobturator sling tension is adjusted with 
Metzenbaum scissors between the sling and the urethra.

postoperatively. “Improved” incontinence is defi ned as greater 
than 50% improvement in incontinent episodes, and “failure” is 
arbitrarily defi ned as less than 50% improvement in incontinent 
episodes. The overall subjective “cured/dry” rate was 29% (82/287 
patients), the “cured/improved” rate was 71% (203 patients), and 
the “failed” rate was 29% (84 patients). In considering the type 
of incontinence present in “failures,” 33 of the 287 patients (11%) 
complained of recurrent SUI, 12 (4%) complained of urge urinary 
incontinence (UUI), and 24 (8%) complained of mixed urinary 
incontinence. The remaining 5% of “failures” (15 patients) 
responded that they were “uncertain” as to their type of inconti-
nence. The time-to-failure is shown in Figure 61-11: 62 (71%) 
of 87 incontinence “failures” occurred after 12 months of 
follow-up.

Of the 160 patients who complained of preoperative UUI, 
51 (32%) experienced persistent UUI postoperatively. Of the 
127 patients with no preoperative UUI, 12 (9.4%) developed de 
novo UUI.

Prolapse Outcomes

With regard to cystocele recurrence, physical examination data 
were available for 325 (96%) of 340 patients with a mean follow-
up of 18.8 months and maximum follow-up of 79 months. The 
symptomatic cystocele cure rate was 94% (306/325 patients). 
Although 42 patients (13%) had some degree of recurrent 
anterior vaginal wall descent, 23 (55%) had asymptomatic 
grade 1 cystocele, for which intervention is not recommended. 
The de novo grade 2-4 rectocele and apical (vaginal vault and 
enterocele) prolapse rates were 9% (19/207) and 7% (19/257), 
respectively.

There were signifi cant changes between preoperative and 
postoperative SEAPI scores, as shown in Table 61-1. Signifi cant 
changes were seen within each domain as well as in the overall 
score. A signifi cant change was also seen in the mean prolapse 
quality-of-life score; with a possible score ranging between 4 and 
20, the mean score decreased from 9.6 preoperatively to 5.5 post-
operatively (P < .01).

As a measure of overall patient satisfaction with prolapse 
repair and continence results, patients were asked to rate their 
satisfaction on a visual analogue scale, with 0 being “not at all 
satisfi ed” and 10 being “completely satisfi ed.” The distribution 
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Figure 61-11 Time interval until “failure” after the cadaveric prolapse repair with sling (CaPS) procedure.
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of scores is seen in Figure 61-12. The mean and median satis-
faction scores were 7 and 9, respectively. Seventy-six percent 
(219/287 patients) had a satisfaction rate of at least 5. When 
patients were asked whether they would have the surgery again, 
208/287 (72%) responded “yes” and 61/287 (28%) responded 
“no.”

No mortalities have occurred with the CaPS procedure. There 
have been seven cases of prolonged urinary retention (>30 days), 
only one of which required urethrolysis. The most common 

complication encountered was intravaginal granulation tissue 
caused by extrusion of Panacryl sutures that were used for cys-
tocele repair early in the patient series. Suture removal and ful-
guration of granulation tissue was performed in the offi ce without 
sequelae. Once use of this suture was discontinued, no further 
granulation tissue developed. With regard to bone anchor fi xa-
tion, there has been one case of osteitis pubis that was managed 
conservatively and no instances of infection requiring bone 
anchor removal.

CONCLUSION

The CaPS procedure, which uses nonfrozen cadaveric fascia lata 
for cystocele repair, has several advantages over traditional ante-
rior repair. Both central and lateral defects can be repaired simul-
taneously, avoiding the use of the patient’s inherently weak 
tissues. The procedure is performed entirely transvaginally, 
resulting in minimal morbidity, and avoids the use of synthetic 
materials in the vagina. Most patients are discharged on postop-
erative day 1. Sling placement at the time of cystocele repair 
allows simultaneous treatment of symptomatic SUI, as well as 
occult SUI demonstrated preoperatively with cystocele reduc-
tion, with minimal risk of urinary retention. Results of prolapse 
repair have been excellent and durable, with a symptomatic cure 
rate of 94% at long-term follow-up. Continence rates with the 
cadaveric fascial sling have been less durable, with failure rates 
approaching 30% at long-term follow-up. In order to improve 
continence results, we are currently exploring other materials and 
approaches to sling placement, as mentioned earlier, and con-
tinue to use cadaveric fascia lata for cystocele repair given its 
excellent long-term results.

Figure 61-12 Distribution of overall postoperative patient 
satisfaction.

References

 1. Kohli N, Sze EHM, Roat TW: Incidence of recurrent cystocele after 
anterior colporraphy with and without concomitant bladder neck 
suspension. Am J Obstet Gynecol 175:1476-1482, 1996.

 2. Benson JT, Lucente V, McClellan E: Vaginal versus abdominal 
reconstructive surgery for the treatment of pelvic support defects: A 
prospective randomized study with long-term evaluation outcome. 
Am J Obstet Gynecol 175:1418-1422, 1996.

 3. Chopra A, Raz S, Stothers L: Pathogenesis of cystoceles: Anterior 
colporrhapy. In Raz S (ed): Female Urology. Philadelphia, WB Saun-
ders, 1996.

 4. Lemer ML, Chaikin DC, Blaivas JG: Tissue strength analysis of 
autologous and cadaveric allografts for the pubovaginal sling. 
Neurourol Urodyn 18:497-503, 1999.

 5. Jinnah RH, Johnson C, Warden K, Clarke HJ: A biomechanical 
analysis of solvent-dehydrated and freeze-dried human fascia lata 
allografts: A preliminary report. Am J Sports Med 20:607-612, 
1992.

 6. Gordon D, Groutz A, Wolman I, et al: Development of postopera-
tive stress urinary incontinence in clinically continent patients 
undergoing prophylactic Kelly plication during genitourinary pro-
lapse repair. Neurourol Urodyn 18:193-198, 1999.

 7. Chaikin DC, Groutz A, Blaivas JG: Predicting the need for anti-
incontinence surgery in continent women undergoing repair of 
severe urogenital prolapse. J Urol 163:531-534, 2000.

 8. Groutz A, Gold R, Pauzner D, et al: Tension-free vaginal 
tape (TVT) for the treatment of occult stress urinary incon-

tinence in women undergoing prolapse repair: A prospective 
study of 100 consecutive cases. Neurourol Urodyn 23:632-635, 
2004.

 9. Kobashi KC, Mee SL, Leach GE: A new technique for cystocele repair 
and transvaginal sling: The cadaveric prolapse repair and sling 
(CaPS). Urology 56:9-14, 2000.

10. Kobashi KC, Leach GE, Chon J, Govier FE: Continued multicenter 
followup of the cadaveric prolapse repair with sling. J Urol 168:2063-
2068, 2002.

11. Frederick RW, Leach GE: Cadaveric prolapse repair with sling: 
Intermediate outcomes with 6 months to 5 years of followup. J Urol 
173:1229-1233, 2005.

12. Raz S, Erickson DR: SEAPI QNM Incontinence classifi cation system. 
Neurourol Urodyn 11:187-199, 1992.

13. Kobashi KC, Gormley EA, Govier F, et al: Development of a vali-
dated quality of life assessment instrument for patients with pelvic 
prolapse [abstract]. J Urol 163:76, 2000.

14. Baden WF, Walker TA: Surgical Repair of Vaginal Defects. Philadel-
phia, JB Lippincott, 1992.

15. Leach GE: Urethrolysis. Urol Clin North Am 2:23-27, 1994.
16. Sutaria PM, Staskin DR: A comparison of fascial “pull-through” 

strength using four different suture fi xation techniques [abstract]. 
J Urol 161:79, 1999.

17. Wein AJ: Transobturator Tape (Uratape): A new minimimally-
invasive procedure to treat female urinary incontinence [abstract]. 
J Urol 172:1214, 2004.

Ch061-X2339.indd   634 1/31/2008   2:48:50 PM



Chapter 62

TRANSABDOMINAL PARAVAGINAL 
CYSTOCELE REPAIR
Danita Harrison Akingba, Michelle M. Germain, 
and Alfred E. Bent

HISTORY

In 1909, Dr. George White described a novel idea for the etiology 
of cystoceles based on his work with cadaver dissection.1 He fi rst 
described the supportive attachments of the vagina. He next illus-
trated how lateral detachment of the pubocervical fascia from the 
arcus tendineous fascia pelvis, or white line, results in cystocele. 
He also outlined the critical steps for the transvaginal paravaginal 
repair of these types of cystoceles. It is clear after reading the peer 
review section following his article that his idea was unique at 
the time and that a fundamental understanding of the three-
dimensional relationship of female pelvic anatomy was lacking.

Three years later, White submitted a treatise in which he 
reviewed the three theories of that period regarding the etiology 
of cystocele2:

1. Cystocele is due to thinning out of the anterior vaginal wall 
and thus a hernia.

2. Ligaments suspend the bladder, like the stomach.
3. The bladder descends because its ligamentous attachments 

to the uterus and obliterated hypogastric arteries have been 
stretched or broken during labor.

In his paper, White rejected each of these theories based on clini-
cal examination fi ndings, lack of histologic and anatomic evi-
dence to support the theories, and, fi nally, the fact that not all 
women having hysterectomy developed cystoceles.

White again described his technique for vaginal paravaginal 
repair for the management of cystocele. He acknowledged that 
the vaginal approach was more diffi cult because of limited visibil-
ity, but he believed that the surgical approach for treatment of 
cystocele should remain vaginal because of the then-widespread 
practice of concurrent perineorrhaphy. He conceded that, “to 
incise the peritoneum at the side of the bladder, push the bladder 
aside until the white line comes into view, then by the aid of an 
assistant’s fi nger in the vagina, suture the anterior lateral side of 
the vagina to the white line, and close the peritoneum” may be 
“the easiest and simplest way to accomplish this.”2 However, he 
believed that the abdominal approach was seldom indicated, 
unless the patient suffered from procidentia. In that case, the 
patient would be best served by concurrent restoration of the 
broad and uterosacral ligaments.

White’s papers were largely forgotten for the next 70 years. 
Historically, it is not clear why his ideas were not readily accepted. 
Perhaps it was because the approach was diffi cult to perform, or 
because his peers lacked a profi cient understanding of the lateral 

fascial defects and their role in anterior vaginal wall prolapse. 
Even more signifi cant was the almost simultaneous publication 
of Howard Kelly’s treatise on cystocele, its repair, and the treat-
ment of stress incontinence.3 The Kelly plication is straightfor-
ward in its conceptualization and technically easier to perform. 
Failures of the Kelly plication in a large number of cystocele 
repairs led to a series of “new” techniques for the repair of lateral 
anterior wall defects, including work by John C. Burch and 
Cullen Richardson.4,5

In 1961, Burch reported his experience with colposuspension 
in the treatment of stress incontinence. He attached the paravagi-
nal fascia to the white line of the pelvis in the fi rst seven of his 
patients. He wrote that the maneuver “produced a most satisfac-
tory restoration of the normal anatomy of the bladder neck  .  .  .  and 
a surprising correction of most of the cystocele  .  .  .  overcoming 
the anterior cystocele involving the neck of the bladder, but also 
the posterior cystocele involving the base of the bladder.”4 Despite 
such positive results with correction of both urethral hypermo-
bility and bladder prolapse, Burch believed that the white line 
held sutures poorly and therefore sought another fi xation point. 
Subsequently, he chose Cooper’s ligament as the point of 
fi xation.

In 1976, Richardson, Lyon, and Williams published a “new” 
look at pelvic relaxation. They outlined the technique for trans-
abdominal paravaginal repair—echoing the descriptions of White 
and Burch. They also identifi ed the four areas of defects or breaks 
in the pubocervical fascia, in their order of occurrence5:

1. Lateral (paravaginal), where the pubocervical fascia attaches 
to the arcus tendineous fascia pelvis or white line

2. Transverse, in front of the cervix, where the pubocervical 
fascia blends into the pericervical ring of fi bromuscular 
tissue (or at the cuff in a woman who has had a 
hysterectomy)

3. Central, on anterior vaginal wall between the lateral 
margins of the vagina

4. Distal, where the urethra perforates the urogenital dia-
phragm (Fig. 62-1)

Sixty-seven percent of their patients had paravaginal defects. 
Typically, today, no clinical distinction is made between central 
and distal tears. In addition, no effort is usually made intraopera-
tively to distinguish among these types of defects, because Kelly-
type plication procedures have been performed for both for years 
with good results. However, transverse defects require reapproxi-
mating the tears in the fascia.

635
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ANATOMY

The pubocervical fascia (or endopelvic fascia), a trapezoid-
shaped, fi bromuscular band of tissue, supports the urethra, 
bladder, and uterus anteriorly (Fig. 62-2). Its lateral border 
extends from a point just anterior to the ischial spines, along the 
arcus tendineous fascia pelvis or white line, to the pubic ramus 
anteriorly. Posteriorly, it reaches the cervix or vaginal cuff at the 
level of the base of the broad ligament and cardinal-uterosacral 
ligaments and reaches across toward the ischial spines.

Anterior vaginal wall prolapse results from herniation of the 
pelvic organs normally supported by the pubocervical fascia into 
the vaginal lumen. Many gynecologists believe that identifi cation 
and repair of defects in this fascia are essential to achieve success-
ful anterior colporrhaphy. However, the existence of fascial tissue 
between the vagina and bladder or vagina and rectum has never 
been proven histologically.6-9 To examine the histology of surgical 
fascia used during anterior colporrhaphy, to compare it to recto-
vaginal fascia, and to determine the consistency with which this 
tissue is diagnosed surgically, Farrell and his colleagues examined 
the fascia of women who were scheduled to undergo a primary 
surgical correction of pelvic organ prolapse.9 Biopsies taken of 
surgically identifi ed pubocervical fascia and rectovaginal fascia 
during colporrhaphy failed to identify a distinct fascial layer. 
Instead, histologic examinations of tissue identifi ed as fascia 
intraoperatively showed it to be indistinguishable from deep 
vaginal wall connective tissue.

It is possible to have both central and lateral defects concur-
rently. Lateral detachment of the pubocervical fascia may occur 
if the entire arcus pulls away from the pelvic sidewall (Fig. 62-3). 
Alternatively, the entire arcus may remain attached to the side-
wall while the pubocervical fascia pulls away.27 Finally, the arcus 
could split, with a portion remaining attached to the pubocervi-
cal fascia medially and another portion remaining attached to the 
pelvic sidewall laterally (Fig. 62-4).

Most anterior compartment prolapse results from lateral 
detachment of the pubocervical fascia.5 Although Richardson 
and colleagues were not the fi rst to publish on the anatomic 
concept of paravaginal defects, they popularized the concept of 
discrete isolated fascial defects in the mid-1970s. Based on this 
work, the overall incidence of paravaginal defects was 67%, with 
the great majority being right-sided defects. Some years later, 
Barber and Cundiff conducted a retrospective chart review of 70 
patients with a preoperative diagnosis of paravaginal defect.10 
Sixty-three percent (44/70) were believed to have unilateral or 
bilateral paravaginal defects preoperatively, based on clinical 
examination. The intraoperative fi ndings confi rmed the preva-
lence of paravaginal defects as just 42%.

Paravaginal defects

Central defect

Transverse
defect

Distal defect

Figure 62-1 The four locations of breaks in pubocervical fascia: 
lateral (perivaginal), where the pubocervical fascia attaches to the 
arcus tendineous fascia pelvis or white line; transverse, in front of 
the cervix, where the pubocervical fascia blends into the pericervical 
ring of fi bromuscular tissue (or at the cuff in a woman who has 
had a hysterectomy); central, on the anterior vaginal wall between 
the lateral margins of the vagina; and distal, where the urethra 
perforates the urogenital diaphragm. (From Richardson AC: 
Operative Techniques in Gynecologic Surgery. Philadelphia, WB 
Saunders, 1996.)

Pubocervical fascia

Rectovaginal 
fascia

Arus tendoneous
fascia pelvis

Levator arcus

Figure 62-2 The arcus tendineous fascia pelvis extends from the 
inferior margin of the pubic symphysis to the ischial spine parallel 
to the levator arcus. Anteriorly, the bladder has been cut away. 
A cross-section through the vagina reveals the apposition of the 
rectovaginal fascia to the rectum and perirectal space. (From 
Richardson AC: Operative Techniques in Gynecologic Surgery. 
Philadelphia, WB Saunders, 1996.)

Levator arcus

Arcus tendoneous
fascia pelvis

Figure 62-3 The arcus tendineous fascia pelvis has separated 
entirely off the pelvic sidewall. (From Richardson AC: Operative 
Techniques in Gynecologic Surgery. Philadelphia, WB Saunders, 
1996.)
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compartment is examined at rest and with maximum Valsalva 
maneuver. It is important to restore normal anatomy, so a ring 
forceps, Baden-Walker defect analyzer, or a wooden tongue 
blade should be used to gently elevate the lateral vaginal sulci, 
angling parallel to the white line (Fig. 62-5). Each side is 
checked separately, and then both together by elevating both sulci 
while the patient bears down. Bilateral paravaginal defects 
are corrected with this maneuver; central defects will prolapse 
around the elevating device. Suspected central defects should 
be supported with these instruments during Valsalva maneuver. 
If anterior prolapse is only partially reduced by either maneuver, 
then the patient is thought to have both paravaginal and central 
defects.

Paravaginal defects can be misdiagnosed. Barber and Cundiff 
found that the sensitivity of physical examination for the detec-
tion of right-sided paravaginal defects was 94% and the specifi c-
ity was 54%. The positive predictive value of clinical examination 
was 65%, and negative predictive value was 91%. For left-sided 
defects, the sensitivity, specifi city, positive predictive value, 
and negative predictive value were 90%, 50%, 57%, and 88%, 
respectively.10

Ultrasound and magnetic resonance imaging have both been 
used for the diagnosis of paravaginal defects.11-13 However, given 
the time and expense of these tests, they are not recommended 
for routine diagnosis of paravaginal defects in the urogynecolo-
gist’s offi ce. The clinical examination remains the standard for 
diagnosis.

Arcus tendoneous
fascia pelvis

Figure 62-4 The arcus tendineous fascia pelvis has split down the 
middle, leaving some of its remnants attached to the pubocervical 
fascia and some still attached to the pelvic sidewall. (From 
Richardson AC: Operative Techniques in Gynecologic Surgery. 
Philadelphia, WB Saunders, 1996.)

A

Bulging anterior
vaginal wall

B
Figure 62-5 A, Cystocele defect seen protruding through the introitus. B, Lateral cystocele defect reduced with ring forceps placed laterally 
to elevate the pubocervical fascia toward the ischial spines. (From Retzky SS, et al. Urinary incontinence in women. Summit, NJ: Clinical 
Symposia Ciba-Geigy Corp, 47(3):22, 1995; adapted from Plate 11. Copyright 1995 ICON Learning Systems, LLC, a subsidiary of 
MediMedia USA Inc.)

Diagnosis

A thorough physical examination in the offi ce is the principal 
method of diagnosis of paravaginal defects. The patient is exam-
ined in the dorsal lithotomy position. With gentle downward 
traction of the posterior blade of the speculum, the anterior 
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TRANSABDOMINAL REPAIR

In 1976, Richardson described the transabdominal paravaginal 
repair. Although modifi cations have been described, the standard 
accepted technique has not been altered signifi cantly from his 
original description. The patient is placed in low lithotomy posi-
tion, and a Foley catheter is passed transurethrally. The bladder 
should be drained for adequate exposure and visualization into 
the retropubic space. If the patient has a uterus, the hysterectomy 
is performed fi rst and the peritoneum is closed before proceeding 
with the paravaginal repair. A Pfannenstiel fascial incision is used 
most often. The rectus muscles are divided in the midline and 
held laterally by a self-retaining retractor. As with the Burch 
procedure, care must be taken to avoid injury to the inferior 
epigastric vessels. The space of Retzius is entered bluntly and 
developed cautiously under direct visualization to avoid injuring 
the large veins in this space. If the patient has had a prior 
Burch procedure, this space may be diffi cult to develop atrau-
matically (Fig. 62-6). Hemoclips are often required to maintain 
hemostasis.

Once the space is fully developed, the retropubic anatomy 
may be visualized, including the pubic symphysis, the bladder 
neck in the midline, and the obturator neurovascular bundles 
and Cooper’s ligament laterally. The obturator fossa can usually 
be identifi ed fi rst by palpation, because it feels like a vertically 
positioned buttonhole. Care should be taken while dissecting 
around this fossa to avoid damaging the obturator nerve, artery, 
and vein. Finally, the white line is identifi ed along the pelvic 
sidewall as it travels from the inferior border of the pubic sym-
physis to the ischial spine. Further, blunt dissection using a 
sponge on a stick or Kittner may be required to remove adipose 
tissue adherent to the pubocervical fascia.

The surgeon’s fi ngers are placed inside the vagina to elevate 
the lateral sulcus and aid in demonstrating the white pubocervi-

cal fascia and the superior extent of the vagina (Figs. 62-7 and 
62-8). It is important to plan suture locations before actual place-
ment, to avoid undue lateral tension on the vaginal wall when 
the sutures are tied. Synthetic, nonabsorbable sutures are used. 
The fi rst suture is placed laterally, near the apex of the vagina, 
through the paravesical portion of the pubocervical fascia or the 
detached white line if it is visible. The needle is then passed 
through the ipsilateral obturator internus fascia around the arcus 
tendineus fascia pelvis (white line) at its origin, 1 cm anterior to 
the ischial spine. Three to fi ve sutures are placed sequentially 
through the pubocervical fascia, distal to the prior fi xation point, 
and attached to the white line or obturator fascia at a correspond-
ing level from the ischial spine to the lateral pubic symphysis. If 
the patient has bilateral paravaginal defects, the same technique 
is used on the opposite side. Sutures are usually tagged and held 
until cystoscopy is performed with the sutures both relaxed and 
under tension, to ensure the integrity of the bladder and the 
normal function of both ureters. Gelfoam may be placed into the 
space of Retzius for hemostasis and to aid scarifi cation of this 
space. Finally, the sutures are tied so that the lateral vaginal walls 
are in direct contact with the obturator fascia and arcus tendineus 
fascia pelvis.

LAPAROSCOPIC REPAIR

Laparoscopic pelvic fl oor repair was described in 1995.14 The 
laparoscopic paravaginal repair is similar to the laparoscopic 
Burch procedure. The patient is positioned in low lithotomy 
position, and a Foley urethral catheter is placed into the bladder. 
The Foley catheter should be clamped in order to partially distend 
the bladder and demarcate its boundaries. Some surgeons pass 
30 mL of diluted methylene blue or indigo carmine transure-
thrally and clamp the urethral catheter so that any iatrogenic 

Figure 62-6 Visualization of the entire space of Retzius. (From Richardson AC: In Gershenson DM, Aronson MP (eds): Operative Techniques 
in Gynecologic Surgery. Philadelphia, WB Saunders, 1996, p 71.)
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Figure 62-8 All sutures are held and tied down 
after cystoscopy confi rms the integrity of the 
bladder. (From Richardson AC: In Gershenson 
DM, Aronson MP (eds). Operative Techniques in 
Gynecologic Surgery. Philadelphia, WB Saunders, 
1996, p 72.)

cystotomies are recognized immediately by expression of blue 
into the operative fi eld.

Placement of trocar ports is left to the discretion of the 
surgeon. The space of Retzius is entered by making a transverse 
incision 2 inches above the pubic symphysis, spanning all three 

obliterated umbilical ligaments, cephalad to the dome of the 
bladder. The bladder is then drained. The space of Retzius is dis-
sected bluntly until the retropubic anatomy is clearly visualized. 
Some advocate removal of retropubic adipose tissue to aid in 
scarifi cation.15 The pubic symphysis and bladder neck are noted 

Figure 62-7 With one fi nger inside the vagina elevating the lateral sulcus (insert), a full-thickness bite of the pubocervical fascia is taken. 
The needle is then passed through the ipsilateral obturator internus fascia around the arcus tendineous fascia pelvis. Sutures are placed from 
cephalad to caudad.

Ch062-X2339.indd   639 2/4/2008   5:24:35 PM



640 Section 7 FEMALE ORGAN PROLAPSE

in the midline, and the obturator neurovascular bundle, Cooper’s 
ligament, and the white line are noted along the pelvic sidewall. 
The obturator fossa is identifi ed.

With the operator’s fi ngers elevating the superior lateral sulcus 
of the vagina, the fi rst suture is placed near the apex of the vagina, 
through the paravesical portion of the pubocervical fascia or the 
detached white line if it is visible. The needle is then passed 
through the ipsilateral obturator internus muscle and fascia and 
the white line at its origin, 1 cm anterior to the ischial spine. The 
lateral wall suture technique is facilitated by moving the fi ngers 
in the vagina medially to open up the sidewall compartment; this 
readily exposes the ischial spine and white line. The same tech-
nique is used in the open procedure. Three to fi ve sutures are 
placed sequentially through the pubocervical fascia distal to the 
prior fi xation point on each side, but in this case the sutures are 
tied as they are placed, using an extracorporeal knot-tying tech-
nique without a suture bridge. Often, the third and fourth sutures 
are placed through Cooper’s ligament to support the bladder 
neck (Burch), and there is usually no room for a fi fth suture. 
Cystoscopy verifi es integrity of the bladder and the normal func-
tion of both ureters.

Laparoscopic paravaginal repair requires great skill, dexterity, 
and ingenuity. The learning curve for laparoscopic Burch or 
paravaginal repair is 20 to 30 procedures. There are many modi-
fi cations to laparoscopic repair, but ideally the laparoscopic 
method should be exactly the same as the open method to achieve 
the same result. The laparoscope is a vehicle for performing a 
repair and should not be a reason to modify a technique. Seman 
and his colleagues described two modifi cations to the laparo-
scopic paravaginal repair16: simultaneous Burch colposuspension 
and paravaginal repair and the modifi ed paravaginal repair, in 
which the sutures are placed caudad to cephalad and each one 
includes a third bite of the ipsilateral iliopectineal (Cooper’s) 
ligament. The use of mesh as a bridge between Cooper’s ligament 
and the endopelvic fascia has also been described in the litera-
ture.17 However, there is a paucity of good data regarding long-
term success and feasibility of this approach.

COMPLICATIONS

Good surgical technique should be used in gaining exposure to 
the retropubic space. Damage to the large veins coursing along 
the detrusor muscle can cause massive hemorrhage. Anatomi-
cally, there are few structures along the pelvic sidewall that con-
tribute to complications. The obturator neurovascular bundle 
lies anterior to the white line, and dissection should be limited 
to the medial aspect of the neurovascular bundle. Cadaver dis-
section of the tissues underlying and adjacent to the white line 

reveals that there are no neurovascular structures along the white 
line, obturator fascia, or levators that preclude taking a full bite 
of tissue.18

Unlike procedures that create a compensatory distortion of 
normal anatomy, the paravaginal repair typically does not lead 
to postoperative problems of de novo detrusor instability or 
long-term urinary retention. Shull and Baden reported the rate 
de novo detrusor instability in their patients to be 6% in 1989. 
Published data reporting objective outcomes and complications 
of the paravaginal repair are scarce. A review of the literature 
revealed several articles that comment on complications. Post-
operative infections, such as cystitis and wound infection, ranged 
from 0% to 11%; and pneumonia was reported in 4% of 
patients.5,19-21 Miklos and Kohli reviewed the outcomes for 171 
consecutive patients who underwent laparoscopic Burch proce-
dure, paravaginal repair, or both concurrently. Cystotomies were 
noted in 2.3% of patients.22 C. Y. Liu reported no lower urinary 
tract injuries, retropubic hematomas, or abscess formation with 
laparoscopic repair of paravaginal defects.15

OUTCOMES

Few studies have examined the long-term anatomic success of 
abdominal paravaginal repair. Much of the data focuses on cor-
rection of stress urinary incontinence rather than resolution of 
anterior vaginal wall prolapse. Shull and Baden reported that 
97% of patients treated with paravaginal repair for lateral ante-
rior defects and stress urinary incontinence had no postoperative 
complaints of stress incontinence.19 Colombo and his group had 
more sobering results.23 In 1996, they published the only pro-
spective, randomized, controlled trial comparing Burch colpo-
suspension to paravaginal repair for the treatment of stress 
urinary incontinence. The objective cure rate was 100% for Burch 
and 61% for paravaginal repair. Bruce and associates had similar 
results, with a 72% cure rate for paravaginal repair.24 Paravaginal 
repair alone should not be offered for the treatment of stress 
incontinence. The standard of care for the treatment of stress 
incontinence remains a Burch or a sling procedure.

There are no good studies directly comparing abdominal 
paravaginal repair with laparoscopic or vaginal paravaginal repair 
for the treatment of anterior vaginal wall prolapse. The recur-
rence rate for cystocele has been reported to be 5% to 50%. 
Failure rates for paravaginal repair reported in several retrospec-
tive studies range from 5% to 13%.15,20,21,25 De novo enterocele 
and cuff prolapse developed in 6% of patients who had abdomi-
nal paravaginal repair.19 As far as we know, no studies have 
reviewed long-term major or minor complication rates of lapa-
roscopic paravaginal repair alone.
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Chapter 63

ANTERIOR COLPORRHAPHY FOR 
CYSTOCELE REPAIR
Tristi W. Muir

Pelvic organ prolapse is common in women. The anterior wall of 
the vagina primarily provides support for the bladder and urethra. 
If the support for the bladder sags, a cystocele results. The lifetime 
risk of undergoing an operation for prolapse or urinary inconti-
nence has been estimated to be 11.1%.1 Of the women undergo-
ing surgery for prolapse with and without urinary incontinence, 
48% had an anterior colporrhaphy included in their surgical 
management. This chapter discusses the anatomy and possible 
causes of anterior wall prolapse. A discussion of an anterior col-
porrhaphy for surgical repair of a cystocele is presented.

ANATOMY AND PATHOLOGY

The anterior vaginal wall is the trapezoid of fi bromuscularis and 
provides support to the bladder and urethra. At the apex, the 
broad portion of the trapezoid, the anterior vaginal wall has sus-
pensory support provided by the cardinal-uterosacral ligaments. 
The lateral support is provided by a condensation of connective 
tissue over the levator ani muscles, the arcus tendineus fascia 
pelvis. The arcus tendineus fascia pelvis extends from the poste-
rior, inferior aspect of the pubic bone to the ischial spine (Fig. 
63-1). Nichols and Randall proposed that a cystocele is an end 
result of either distention (overstretching of the fi bromuscularis 
of the anterior vaginal wall) or displacement (breaks in the 
connective tissue).2 In 1976, A. Cullen Richardson popularized 
the “site-specifi c” approach to identifying specifi c breaks in the 
connective tissue and repairing those defects.3

Apical loss of support of the anterior vaginal wall may occur 
with an apical, transverse separation of the anterior vaginal fi bro-
muscularis with the cardinal-uterosacral ligaments. As abdomi-
nal pressure is placed on the lateral connective tissue attachments, 
these attachments may fail, allowing the anterior vaginal wall to 
swing toward the hymen (Fig. 63-2). John DeLancey made surgi-
cal observations in 71 women undergoing a retropubic procedure 
for anterior wall prolapse and stress urinary incontinence.4 He 
found that 88.7% of these women had a paravaginal defect and 
that the area of detachment was at the apex near the ischial spine. 
Detachment from the back of the pubic bone was rare. Although 
the majority of women with anterior wall prolapse and stress 
urinary incontinence may have a paravaginal loss of connective 
tissue support, the support for the anterior wall of the vagina is 
much more complex than a list of fascial attachments.

The support for the pelvic organs is maintained by the interac-
tion of connective tissue attachments and innervated, intact 
pelvic fl oor musculature. The levator ani muscles provide the 
primary support for the pelvic fl oor. The pelvic organs are sup-
ported within the abdominal cavity, and the levator hiatus, 
through which the urethra, vagina, and rectum pass, is closed. 

The etiology of pelvic organ prolapse is thought to be multifacto-
rial, including abnormalities of connective tissue, pelvic fl oor 
muscles, and/or the innervation to the pelvic fl oor. Norton5 used 
the analogy of a boat in a dry dock to describe the interplay 
of the functioning pelvic fl oor and connective tissue supports 
(Fig. 63-3). The pelvic fl oor muscles (primarily the levator ani 
muscles) play the supporting role of the water. When the water 
level is adequate, little stress is placed on the ropes (connective 
tissue supports) keeping the boat in place. However, if the water 
level is dropped, the ropes will not be able to hold the boat for 
long. If the levator ani muscles no longer are able to maintain a 
closed levator hiatus, the stress of maintaining the pelvic organs 
is placed on the connective tissue supports. Direct damage to the 
levator ani muscle or to its innervation may open the hiatus and 
place the burden of support on the connective tissue of the pelvic 
organs. Prior damage to the connective tissue support of the 
anterior vaginal wall may be evident only in light of the loss of 
levator ani function.

DeLancey and Hurd clinically determined that the levator 
hiatus is larger in women with prolapse than in those without 
prolapse.6 Magnetic resonance imaging (MRI) confi rmed that the 
size of the levator hiatus and levator symphysis gap increases with 
increasing stage of prolapse.7 Lennox Hoyte and colleagues evalu-
ated the change in morphology of the levator ani muscles with 
two- and three-dimensional MRI images.8 They demonstrated 

642

Figure 63-1 Apical and sidewall connective tissue support of the 
anterior vaginal wall as viewed in the retropubic space. ATFP, arcus 
tendineus fascia pelvis; IS, ischial spine; USL, uterosacral ligaments.
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that women with prolapse have signifi cantly more levator ani 
degradation, laxity, and loss of the integrity of the sling portion 
of the levator ani compared with asymptomatic controls. This 
change may be occur as a result of direct muscle damage associ-
ated with childbirth or chronic straining or damage to the inner-
vation of the pelvic fl oor.

Abnormalities in the histology of connective tissue have also 
been described in women with prolapse. Abnormalities of colla-
gen synthesis may derive from an intrinsic abnormality of colla-
gen synthesis (due to abnormal collagen, an imbalance between 
synthesis and degradation, or an imbalance between collagen 
types). The environment (e.g., excessive straining) may also con-
tribute to the condition of the connective tissue. Error in the 
repair of damaged ligaments and fascia or lack of remodeling in 
mature collagen may occur. Dietz and colleagues examined 
bladder neck descent in nulliparous twins.9 A signifi cant genetic 
contribution was proposed to contribute to the phenotype of the 
bladder neck mobility.

SIGNS AND SYMPTOMS

A woman with anterior wall prolapse may be asymptomatic, or 
she may present with symptoms related to a vaginal mass with or 
without changes in sexual and urinary function. Pelvic pressure, 
heaviness, or a bulge may occur. Women often feel that their 
symptoms are more signifi cant as the day progresses and gravity 
allows the prolapse to fully descend. The bladder follows the 
anterior vaginal wall as it descends through the genital hiatus in 

women with an anterior wall bulge. Because the distal urethra 
remains fi xed under the pubic symphysis, voiding diffi culties due 
to obstruction may arise. Women who have to manually reduce 
their prolapse to empty their bladder are likely to have more sig-
nifi cant prolapse than those who do not.10 This obstructive effect 
on the urethra may protect a woman from leaking urine with 
abdominal stress (occult incontinence). Women with anterior 
wall prolapse extending more than 1 cm beyond the hymen are 
less likely to describe stress urinary incontinence than those will 
lesser prolapse.10 Sexual function has also been examined in 
women with prolapse and appears to be similar to that in women 
without prolapse.10,11

The goal of the physical examination is to recreate the woman’s 
symptoms. A validated measure of pelvic organ prolapse is the 
pelvic organ prolapse quantifi cation (POPQ) method.12 Mea-
surement of the descent of the anterior vaginal wall is made at 
maximal strain. If a woman describes prolapse more signifi cant 
than that observed in the supine or sitting positions, a standing 
examination may be employed. The woman’s position and the 
degree of bladder distention (empty or full) should be docu-
mented. A full bladder may help to recreate the patient’s most 
prominent symptoms of vaginal bulging.

Bob Shull described a method to evaluate the anterior vagina 
for site-specifi c defects.13 Curved ring forceps are placed in the 
vagina, supporting the lateral anterior vaginal wall to the ischial 
spine. The patient is asked to bear down in a Valsalva maneuver. 
If the anterior vaginal wall prolapse is reduced, a paravaginal 
defect is diagnosed. A bilateral and a unilateral paravaginal defect 
may be differentiated with alternating unilateral paravaginal 

BA
Figure 63-2 Pelvic fl oor disorders: the role of fascia and ligaments. The water represents functioning pelvic fl oor muscles, and the ropes are 
the connective tissue supports. A, With water in the dock (functioning pelvic fl oor muscles), the ropes can maintain the position of the boat 
(connective tissue supports the position of the pelvic organs). B, With loss of the water (loss of function of the pelvic fl oor muscles), the 
support of the boat (pelvic organs) is maintained only by the ropes (connective tissue). (From Norton PA: Pelvic fl oor disorders: The role of 
fascia and ligaments. Clin Obstet Gynecol 36:926-938, 1993.)
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support. If the anterior vaginal wall continues to balloon forward 
despite paravaginal support, a midline defect is diagnosed. A 
superior or high transverse defect may be suspected if the pro-
lapse is reduced with apical support. Loss of rugation at one of 
these sites is also thought to be associated with localization of the 
defect. Whiteside and colleagues evaluated the inter-examiner 
and intra-examiner reliability of site-specifi c defect examina-
tion.14 They found that there was poor examiner concordance for 
the presence of superior, paravaginal, or central defects. Not 
surprising is that the reliability of the examination increased with 
stage of prolapse.

Evaluation of urinary function is important in women with 
anterior wall prolapse. A postvoid residual volume may be mea-
sured by an in-and-out catheterization, or an ultrasonic determi-
nation may be made with a bladder scan.15 A test for hypermobility 
of the urethra may be performed with a sterile, lubricated cotton 
swab (Q-tip test). The cotton swab is inserted into the urethra to 
the level of the bladder neck. Measurement of the resting and 
straining angles from the horizontal axis may be obtained with a 
goniometer. Hypermobility of the bladder neck is determined if 
the difference between the resting and straining angles is more 
than 30 degrees. For patients with stage 3 or 4 anterior wall pro-
lapse, urodynamic assessment with prolapse reduction has been 

suggested to identify those women with occult urinary inconti-
nence. The method of prolapse reduction (pessary, rolled gauze, 
tampons, ring forceps) has not been standardized, and the reli-
ability of this test has not been established.

TECHNIQUE

The anterior colporrhaphy involves a plication of the fi bromus-
cularis of the anterior vaginal wall. This procedure serves to 
“tighten up” the overdistended support of the anterior vaginal 
wall or repair a midline defect. The patient is in the dorsal lithot-
omy position with the legs elevated. A single dose of perioperative 
antibiotics is administered. A weighted speculum is placed in the 
vagina, and a 16-Fr Foley catheter is inserted into the bladder. 
The epithelium of the anterior vaginal wall is incised in the 
midline and dissected away from the underlying fi bromuscularis 
or “pubocervical fascia.” Hydrodissection of the vaginal epithe-
lium away from the underlying fi bromuscularis with saline or an 
anesthetic/vasoconstrictive agent may facilitate the dissection. 
With traction and countertraction, the dissection is carried later-
ally to the levator ani muscular sidewall. It is important to con-
tinue the dissection to the apex of the anterior vaginal wall. If an 

Figure 63-3 Connective tissue support of the anterior vaginal wall. A, Intact connective tissue support. B, Loss of apical and paravaginal 
support (beginning at the ischial spines) allows the anterior vaginal wall to swing toward the introitus. (From DeLancey JOL: Fascial and 
muscular abnormalities in women with urethral hypermobility and anterior vaginal wall prolapse. Am J Obstet Gynecol 187:93-98, 2002).
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anti-incontinence procedure is included in the woman’s surgery, 
the anterior wall dissection typically spares the mid-urethra and 
distal urethra. This area may be palpated with a Foley catheter in 
place. If the surgeon wishes to provide improved support under-
neath the urethra and bladder for treatment of a distal anterior 
wall prolapse (urethrocele), the dissection is continued distally 
toward the inferior aspect of the public bone.

A plication underneath the urethra and bladder neck (a Kelly 
plication) may be performed to provide a shelf of support under-
neath the urethra. The fi bromuscularis associated with the infe-
rior portion of the pubic bone, just lateral to the urethra, is 
grasped bilaterally. Interrupted sutures are placed to reapproxi-
mate this tissue underneath the urethra, creating a posterior ure-
thral shelf of support. A separate suture is placed plicating the 
fi bromuscularis underneath the bladder neck. Continuation of 
the midline plication is performed, reducing the width of the 
fi bromuscular wall of the anterior vagina with interrupted sutures 
(Fig. 63-4).

Attention should be directed to the length of the anterior 
vaginal wall. In some women with prolapse, an elongated 
(stretched out) vaginal wall is present. Vertically oriented plica-
tion sutures tend to shorten the length of the fi bromuscularis.16 
However, some women, particularly those with recurrent pro-
lapse, may have a shortened anterior segment. Horizontally ori-
ented plication sutures will preserve the vaginal length of the 
anterior segment. More than one row of plicating sutures may be 
required to reduce anterior wall prolapse in women with stage 3 
or 4 prolapse. The aggressiveness of the plication and the longev-
ity of the sutures are dependent on the surgeon’s preference. 
Anne Weber and colleagues described a standard plication and 
an “ultralateral” plication as two different procedures in a pro-
spective, randomized trial.17 Placement of the plication sutures 
should be tailored to the prolapse anatomy of the patient.

The apex of the plicated fi bromuscularis of the anterior vaginal 
wall must be suspended to the apical support of the vagina. If the 
woman has a well-supported apex, reattachment of the apical 

portion of the repair should be performed. If the woman is 
undergoing a concomitant apical suspension procedure, the 
apical portion of the anterior colporrhaphy should be attached 
to the suspension sutures. Without apical suspension of the 
fi bromuscularis, the anterior vaginal wall will continue to sag 
down toward the introitus.

After plication and suspension of the anterior fi bromuscu-
laris, the vaginal epithelium may be trimmed and closed with 
absorbable suture. The surgeon should be cautious not to 
overtrim the vaginal epithelium (particularly in the postmeno-
pausal woman with vaginal atrophy). A vaginal pack and Foley 
catheter are placed for 2 to 24 hours postoperatively. Voiding 
trials should be performed postoperatively to ensure that the 
patient is able to void to completion. Hakvoort and colleagues 
found that removal of the Foley catheter on the morning after 
surgery, rather than on postoperative day 4, was associated with 
fewer days requiring catheter drainage and a lower incidence of 
urinary tract infections.18

SURGICAL OUTCOMES

The anterior colporrhaphy has been performed for more than a 
century, but few studies have reported the effi cacy of the proce-
dure for the treatment of anterior wall prolapse. Most studies 
have addressed the effi cacy (or lack thereof) of the anterior 
colporrhaphy in the management of stress urinary incontinence. 
The anatomic cure rate of the procedure for treatment of anterior 
vaginal wall prolapse varies between 30% and 97% (Table 
63-1).17,19-22

Clark and colleagues monitored a cohort of women who had 
undergone anterior colporrhaphy and found that 7% underwent 
a reoperation by 71 months.23 Risk factors for recurrent anterior 
wall prolapse include age less than 60 years and preoperative 
stage 3 or 4 prolapse.24
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Figure 63-4 Anterior colporrhaphy with Kelly plication.
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COMPLICATIONS

Complications of anterior colporrhaphy include injury to the 
surrounding organs, deterioration of bladder or sexual function, 
and recurrence of prolapse. The routine risks of surgery inclusive 
of blood transfusion are uncommon with this procedure (blood 
transfusion occurred in 3 of 519 women undergoing prolapse 
surgery that included an anterior colporrhaphy, most often 
linked to other prolapse procedures).25

Injury to Ureters, Bladder, and Urethra

Injury to the lower urinary tract may occur during an anterior 
colporrhaphy. Kwon and colleagues reported a 2% incidence of 
ureteral obstruction during 346 anterior colporrhaphies, making 
this procedure the most common cause of unsuspected intra-
operative injury to the lower urinary tract in their pelvic recon-
structive procedures.26 The cause was thought to be an aggressive 
lateral plication of the fi bromuscularis, which kinked the ureter 
at the ureterovesical junction. A case report of bilateral ureteric 
obstruction after an anterior colporrhaphy has been described.27 
Additionally, recurrent postoperative urinary tract infections 
may occur because of an unrecognized intravesical suture.28 
R. Peter Beck reported 2 cases of urethrovaginal fi stula among 
519 women undergoing anterior colporrhaphy for prolapse with 
or without urinary incontinence.25 Of note, in an attempt to 
improve the surgical cure of stress incontinence, Beck’s group 
modifi ed the bladder neck plication by attempting to be more 
aggressive in differential support of the urethra (to a higher 
retropubic position) compared with the bladder base. This 
more aggressive plication technique may result in ischemia 
or occult injury to the urethra. These cases suggest a role for 
universal cystoscopy in patients undergoing anterior colporr-
haphy to identify and correct injury to the ureters, bladder, or 
urethra.

De Novo Urinary Symptoms

De novo urinary incontinence or voiding dysfunction is a known 
complication of prolapse and incontinence procedures. The risk 
of postoperative de novo urinary incontinence for women under-
going an anterior colporrhaphy for anterior wall prolapse is 10% 
(5% for stress urinary incontinence, 4% for overactive bladder 
with incontinence, and 1% for mixed urinary incontinence).25 De 
novo detrusor overactivity may be the result of a number of pos-
sible postoperative changes, including outlet obstruction, and 
changes in detrusor innervation.

Most women who undergo an anterior colporrhaphy are able 
to obtain postvoid residuals of less than 100 mL by 1 week.25 

However, urethral obstruction leading to irritative voiding symp-
toms after an anterior colporrhaphy with Kelly plication has been 
described.29 Aggressive plication under the urethra is thought to 
be the culprit. In some cases, a band of constriction may be pal-
pated by vaginal examination. A vaginal approach to release of 
the area of constriction may be curative.

Evaluation of the effect of anterior wall dissection on innerva-
tion of the urethral sphincters was performed by measuring the 
terminal motor latency of the perineal branch of the pudendal 
nerve. Zivkovic and colleagues found that there was not a signifi -
cant difference between preoperative and postoperative perineal 
nerve terminal motor latencies in women undergoing an anterior 
colporrhaphy without a needle urethropexy.30

Sexual Function

Sexual function in women is a complicated issue, one that may 
be further complicated by the presence of prolapse or inconti-
nence. Many sexually active women with prolapse or inconti-
nence describe preoperative dissatisfaction with their sex lives 
due to a variety of reasons, inclusive of decreased libido, vaginal 
prolapse, and fear of urinary incontinence with intercourse. 
Rogers and colleagues evaluated the sexual and continence func-
tions in women preoperatively and postoperatively.31 They found 
that sexual function scores declined from their preoperative 
values at 3 and 6 months after surgery, despite an improvement 
in incontinence impact scores. Gungor and colleagues also 
described a deterioration in sexual function, primarily related to 
dyspareunia, in 8 (18%) of 44 sexually active women who under-
went an anterior colporrhaphy coupled with a posterior colpo-
perineorrhaphy.32 However, they found an improvement in 20 
(67%) of 30 sexually active women who preoperatively had dis-
satisfaction in their sexual life.

Sexual function remains a complicated issue in the postopera-
tive period. Patients should be counseled that their sexual func-
tion has the potential to improve, remain unchanged, or 
deteriorate after prolapse surgery. In the operating room, the 
surgeon should make every effort to maintain vaginal caliber, to 
reduce the likelihood of postoperative dyspareunia.

ANTERIOR COLPORRHAPHY WITH KELLY 
PLICATION AS AN INCONTINENCE PROCEDURE

Most of the studies evaluating the postoperative results of ante-
rior colporrhaphy with Kelly plication have used cure of stress 
urinary incontinence as the measure of success. Anterior colpor-
rhaphy with Kelly plication has not been found to be as effective 
as retropubic urethropexy for the treatment of urinary inconti-

Table 63-1 Effi cacy of Anterior Colporrhaphy

Study (Ref. No.) Year No. Patients Mean Follow-up Anatomic Cure (%)

Goff (19) 1933  86* 1-8 yr 93
Stanton et al (20) 1982  73 3 to 24 mo 89
Porges & Smilen (21) 1994 486 (388 with follow-up) 31 mo 97
Colombo et al (22) 2000  33 8-17 yr 97
Weber et al (17) 2001  57† 23 mo (median) 37

*Study included 31 patients who underwent excision of the vaginal wall and 55 patients with overlapping fi bromuscularis.
†Study included both patients who underwent “standard” plication and patients who underwent an “ultralateral” plication.
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nence, and it has largely been abandoned as a method of opera-
tive management of urinary incontinence.33-35

CONCLUSIONS

Anterior wall prolapse most likely develops after loss of levator 
ani function (through direct muscle damage or nerve damage) 
and breaks or attenuation of connective tissue supports. Our 
surgical approach to repair of prolapse focuses on connective 
tissue support until a time in the future when muscle and nerve 
regeneration are feasible. The anterior colporrhaphy has been a 
part of the surgeon’s armamentarium for more than a century. 
The key to support of the anterior vaginal wall is apical support. 
Because the anterior vaginal wall rarely loses distal support at the 
posterior aspect of the pubic bone, does it matter, if the other 

end of the fi bromuscularis hammock of support is reestablished 
at the apex, how the “sag” is taken out (anterior colporrhaphy 
versus paravaginal repair)? Even those who advocate paravaginal 
repair often perform a concomitant anterior colporrhaphy.36,37 
There are no studies comparing the site-specifi c approach to 
repair of the anterior vaginal wall, using a paravaginal defect 
repair with or without a midline defect repair (colporrhaphy), to 
an anterior colporrhaphy alone. The addition of graft materials 
in an attempt to decrease the likelihood of recurrent prolapse has 
been described. Comparative studies are needed to determine the 
risks and benefi ts of this practice.

Anterior wall prolapse is often associated with bladder dys-
function. Preoperative evaluation of bladder function may be 
necessary, especially in patients with stage 3 or 4 anterior wall 
prolapse. Sexual function is a complex issue. Maintenance of 
vaginal caliber is important in sexually active women undergoing 
surgical management.
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Chapter 64

TRANSVAGINAL PARAVAGINAL REPAIR OF 
HIGH-GRADE CYSTOCELE
Donna Y. Deng, Matthew P. Rutman, Larissa V. Rodriguez, 
and Shlomo Raz

Anterior compartment defect or cystocele is defi ned as anterior 
vaginal wall relaxation or prolapse with or without urethral 
hypermobility. It represents one of the most common types of 
genital organ prolapse. Cystoceles have been described by several 
different classifi cation systems and were previously categorized 
based on the relative degree of bladder descent and anatomic 
defect. More recently, the International Continence Society (ICS) 
has accepted standardization of the terminology for prolapse of 
the lower urinary tract.1 To ensure consistency, examiners must 
note the conditions of the examination fi ndings, such as rest, 
strain, or supine positioning. This chapter concentrates on repair 
of the high-grade cystocele that has prolapsed past the vaginal 
introitus—grade 3/4 in the Baden-Walker classifi cation or 
stage 3/4 in the pelvic organ prolapse quantifi cation (POPQ) 
terminology.

The natural history of a cystocele is a continuous progression 
from mild to severe prolapse, but the actual risk of progression 
is unknown. In some patients, the progression is rapid; in others, 
it can be insidious, taking many years. Most lesser degrees of 
prolapse (stages 1 and 2) are asymptomatic except when accom-
panied by urinary incontinence. Pelvic prolapse does not spon-
taneously regress, nor does it become symptomatic until the 
descent reaches the introitus.2 Cystoceles with an isolated central 
defect represent only 5% to 15% of all cystoceles, whereas a 
lateral paravaginal defect is present in 70% to 80% of patients. 
Stage 4 cystoceles usually manifest with both defects. Proposed 
risk factors for the development of a cystocele have included 
diffi cult or prolonged vaginal deliveries, elevated body mass 
index (BMI), parity, menopause, and previous vaginal surgery.

Cystocele may occur as an isolated defect. However, it is most 
commonly associated with prolapse of other genital organs, such 
as rectocele, enterocele, and uterine descensus. Michael and col-
leagues3 observed a simultaneous enterocele in 35%, rectocele in 
63%, and uterine prolapse in 38% of patients with grade 4 cys-
toceles. Therefore, in cases of severe anterior compartment pro-
lapse, all of the compartments must be corrected. Treatment 
must involve a thoughtful and thorough evaluation plus a strong 
knowledge of pelvic fl oor anatomy The goals of surgery must 
be to restore vaginal depth, vaginal axis, the levator hiatus, 
and bladder and bowel function, while also preserving sexual 
function.

ANATOMY

In a well-supported woman in the standing position, the vagina 
forms an inverted “C” shape with two distinct vaginal angles. 
This can be demonstrated on a midsagittal pelvic magnetic 

resonance image in a patient with normal anatomy. The distal 
vaginal canal forms a 45-degree angle from the vertical plane, 
whereas the proximal vagina lies more horizontally over the 
posterior levator plate, forming an angle of 110 degrees. The 
upper vagina is held over the levator plate by the cardinal and 
uterosacral ligaments, and the angle is maintained by a strong 
levator plate and the anterior traction of the levator sling and 
prerectal fascia.

The bony pelvis is a scaffold from which the pelvic structures 
draw their support. The pelvis can be divided into posterior and 
anterior regions by a line traversing the ischial spines. The sacro-
spinous ligaments are true ligaments in that they span between 
bony structures, arising from the posterior aspect of the ischial 
spines and connecting with the anterolateral sacrum and coccyx, 
providing a broad support for the posterior pelvis. A linear fascial 
condensation arising from the obturator internus muscle, the 
arcus tendineus, extends from the ischial spine to the lower 
portion of the pubic symphysis. The arcus tendineus is also the 
insertion point for the semilunar-shaped levator muscles, and it 
provides the musculofascial support for a large portion of the 
anterior pelvis.

The pelvic diaphragm is the superior layer of striated muscle 
and fascia that provides the inferior support for the pelvic viscera. 
The levator ani muscle group, composed of the pubococcygeus 
and iliococcygeus, is a broad muscular structure that originates 
on each side from the arcus tendineus of the obturator fascia and 
the inner surface of the pubis anteriorly and sweeps medially to 
join its contralateral partner in the midline. The levator ani 
thereby forms a broad hammock upon which the bladder, proxi-
mal vagina, and intrapelvic rectum lie. The vagina, rectum, and 
urethra traverse the pubococcygeus through a funneled hiatus. 
Pubococcygeal muscle fi bers entering this “U”-shaped levator 
hiatus form the external sphincter of the urethra. Medial fi bers 
of the pubococcygeal portion of the levator, sometimes referred 
to as the puborectalis, travel posteriorly along the urethra, vagina, 
and rectum and fuse anterior to the rectum, forming part of the 
perineal support deep to the perineal body. Refl ex and active 
contraction of the pubococcygeus elevates the urethra, vagina, 
and rectum, thereby helping to compress the lumens of these 
structures.

Like the pubococcygeus, the iliococcygeus arises from the ten-
dinous arc, but it sweeps more posteriorly and unites with the 
contralateral iliococcygeus in the median raphe posterior to 
the rectum. The coccygeus extends from the ischial spine to the 
lateral aspect of the sacrum and coccyx, overlying the sacrospi-
nous ligament. The coccygeus is a thin muscle that overlies the 
strong and fi brous sacrospinous ligament. These two structures 
are identically shaped, and when they are encountered during 
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surgical procedures, they are approached as a single complex 
useful for fi xation of the vaginal vault. It is important to realize 
that the pudendal neurovascular bundle runs in the lateral inser-
tion of the sacrospinous ligament, near the ischial spine.

The pelvic diaphragm has investing connective tissue that is 
often referred to as “fascia”; it is, however, less organized and less 
distinct than traditional fascia (e.g., rectus abdominis fascia). 
This visceropelvic fascia consists of collagen, smooth muscle, and 
elastin. Microscopic studies suggest that it may be histologically 
indistinct from the deep vaginal wall and not a separate “fascia.”4 
In our discussion of the musculofascial support, we will continue 
to refer to this tissue as “fascia” for the sake of accepted nomen-
clature. The pelvic fasciae have been given a confusing array of 
appellations by anatomists and surgeons interested in female 
pelvic organ prolapse. To add to the confusion, the strength of 
pelvic fasciae can differ signifi cantly among individuals and races, 
and these differences may predispose some individuals to pelvic 
prolapse.5

The pelvic fascia consists of two leaves—the endopelvic fascia 
(abdominal side) and the perivesical fascia (vaginal side). The 
urethra, bladder, vagina, and uterus are all contained within these 
two layers of fascia. The two leaves fuse laterally to insert along 
the arcus tendineus. The pelvic fascia can be divided, distally to 
proximally, into four specialized areas; these areas play important 
roles in pelvic support and during surgical reconstruction of the 
female pelvis. They are not true ligaments; rather, they are con-
densations or a meshwork of connective tissue and smooth 
muscle that invests the visceral neurovascular pedicles.1,6 The so-
called pubourethral ligaments attach to the lower portion of the 
pubis and insert on the proximal third of the urethra; they are 
analogous to the puboprostatic ligaments in the male.2 The ure-
thropelvic ligaments provide support of the proximal urethra to 
the lateral pelvic sidewall.3 The vesicopelvic fascia is the region 
of the pelvic fascia that attaches and supports the bladder base to 
the arcus tendineus. Finally, the vesicopelvic ligaments are all 
of the structures that support the bladder to the lateral pelvic 
wall. Weakness in the vesicopelvic fascia results in cystocele 
formation.

Cystoceles are generally classifi ed as being caused by a central 
defect or a lateral defect. A central defect manifests as a midline 
weakness. There is good lateral support, but central herniation 
of the bladder base into the vagina occurs through a separation 
or attenuation of the vesicopelvic fascia (with separation of the 
cardinal ligaments). A lateral defect occurs when there is weak-
ness or disruption of the lateral (paravaginal) attachments of the 
vesicopelvic ligaments to the arcus tendineus fascia pelvis. High-
grade cystoceles tend to involve a combination of lateral and 
central defects with urethral hypermobility.4 The cardinal-
sacrouterine ligament complex attaches to the bladder base 
and cervix (or vaginal vault, if reapproximated during the 
hysterectomy).

PATHOPHYSIOLOGY

Pelvic organ prolapse is prevented by several mechanisms. The 
most important support is from the continuous contraction of 
the levator ani pelvic muscles. The activity of skeletal muscle is a 
combination of basic tone, refl ex contraction or relaxation, and 
voluntary contraction or relaxation. The basic tone of the skeletal 
musculature is similar to that in other areas of the body. Muscles 
of the pelvic diaphragm contain type I (slow-twitch) fi bers, which 

provide tonic support to pelvic structures, and type II (fast-
twitch) fi bers, for sudden increases in intra-abdominal pressure.7 
The continuous contraction closes the urogenital hiatus and 
forms a shelf for the pelvic organs to rest upon. Patients with 
multiple deliveries exhibit widening and descent of the levator 
plate. The musculature becomes less important and the “fascial” 
structures become the more important elements of support as 
the organs cross the pelvic fl oor.

Innervation of the muscles is primarily derived from the 
ventral rami of the second, third, and fourth sacral nerve roots. 
These pelvic somatic efferent nerves travel on the pelvic surface 
of the levator ani in close association with the rectum and 
are separated from the pelvic autonomic plexus by the endopelvic 
fascia. They supply the levator ani and extend anteriorly to the 
striated urethral sphincter.8,9 Static support is provided by 
the investing connective tissue layers. Under normal con-
ditions, the levator ani contract, and the ligaments and 
fasciae are under minimal stress. The fasciae stabilize the pelvic 
organs.

Because of the complexity of pelvic organ support, the cause 
of vaginal prolapse is likely to be multifactorial, including myo-
pathic or neuropathic disorders, aging, atrophy, chronic increase 
in abdominal pressures, multiple deliveries, hysterectomy, and 
hormonal changes. Poor function of the levator ani muscles may 
result from direct myopathic injury or from an abnormality of 
innervation. Loss of tonic contraction causes the urogenital 
hiatus to widen, increasing the risk of organ prolapse. Pelvic 
relaxation decreases the angulation of the mid-vagina, so the 
upper vagina does not lie fl at against the pelvic fl oor plate. Instead 
of an inverted “C” confi guration, the vagina becomes vertically 
oriented and can more easily intussuscept on itself. The reason 
for neuropathy in a healthy woman is not clear. Childbirth has 
been suggested as the cause of pelvic denervation, but studies in 
this area have shown that uncomplicated childbirth creates only 
transient neurologic damage to the pelvic fl oor that is restored 
after two postpartum months.10 The pelvic fl oor neuropraxia 
related to vaginal delivery is associated with multiple births, pro-
longed labor, high birth weight, and traumatic deliveries. Other 
risk factors for neurologic damage are congenital abnormalities, 
aging, chronic constipation (abdominal straining), and perineal 
laxity.11,12 In a study of 50 women with prolapse, Sharf and associ-
ates performed electromyography of the levator ani and found 
evidence of denervation in half of the patients.10 Other studies 
have also confi rmed evidence of neurologic damage to the uro-
genital muscles in pelvic prolapse.13,14

The connective tissue of the pelvic fl oor, the endopelvic fascia, 
can be described as a group of collagen fi bers interlaced with 
elastin, smooth muscle cells, fi broblasts, and vascular structures. 
These structures may be weakened by pregnancy, parturition, 
lack of estrogen, aging, diet, chronic straining, and certain con-
nective tissue disorders (e.g., Ehlers-Danlos syndrome, Marfan’s 
syndrome).15 However, intrinsic collagen abnormalities and 
other individual predisposing factors, such as genetics, differ-
ences in pelvic architecture, inherent quality of the pelvic mus-
culature, and tissue response to injury, might explain why many 
patients with known risk factors do not develop prolapse and 
many patients without risk factors do.

Correction of a cystocele alone, without addressing the entire 
pelvic fl oor laxity and alignment, may further alter the vaginal 
axis as the bladder and vesicopelvic fascia are brought anteriorly. 
This may increase the likelihood of uterine prolapse, enterocele, 
and rectocele formation.
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EVALUATION

Symptoms

Cystoceles are often asymptomatic until pelvic organ prolapse is 
severe. The most common complaint related to anterior com-
partment prolapse is vaginal bulging, with or without suprapubic 
pressure and pain. Other symptoms include urgency, frequency, 
urge incontinence, recurrent urinary tract infections, back pain, 
renal failure, staghorn calculi, and urinary retention. Obstructive 
voiding symptoms are caused by urethral kinking that occurs 
when the bladder descends beyond the pubic ramus but the 
urethra remains fi xed. This is commonly seen in the setting of 
previous surgery (bladder neck suspension, urethropexy, sling).3 
Patients may describe using unusual positions to void, such 
as pelvic tilting, squatting, or standing. In contrast, patients 
with concomitant urethral dysfunction may present with stress 
urinary incontinence, especially when the cystocele is manually 
reduced.

Clinical Evaluation

There are critical points in the evaluation of a cystocele that must 
be answered before treatment. The degree of cystocele and other 
concurrent bladder symptoms (e.g., stress incontinence, detrusor 
overactivity) and ability to empty the bladder to completion 
should be known. Surgical planning is also affected by the need 
to preserve sexual function and vaginal depth. The overall health 
of the patient must be considered, as well as the quality of vaginal 
tissue, presence of associated prolapse, bowel and bladder func-
tion, hormonal status, and presence of urinary tract infection. It 
is also important to assess the impact of the symptoms on the 
patient’s quality of life.

Physical Examination

A thorough physical examination should be done while the 
patient has a full bladder, at rest and with straining, in both the 
standing and supine positions. The goal of examination is to 
determine the degree of prolapse, the specifi c anatomic defects, 
and the presence of concomitant organ prolapse. Straining and 
standing should accentuate the degree of descent. In the supine 
position, the origin of prolapse should be determined. With a 
half-speculum blade, the posterior vaginal wall is retracted; the 
patient is asked to strain while the anterior defect is evaluated. 
An isolated central defect is identifi ed as bulging in the central 
region of the vagina (midline) with loss of vaginal rugae. However, 
in older patients, loss of vaginal rugae alone can be caused by 
smooth muscle atrophy of the vaginal wall. A lateral defect is 
identifi ed by loss of the lateral vaginal sulci as the vesicopelvic 
fascia attenuates from the arcus tendineus fascia pelvis. There will 
be loss of the “M” vaginal profi le (coronal view) and sliding 
herniation of the bladder into the vagina. After the anatomic 
defects have been characterized, it is important to reduce the 
cystocele in order to elicit occult stress urinary incontinence and 
hypermobility. Similarly, we retract the anterior vaginal wall to 
determine the presence of any posterior defect. A digital rectal 
examination assesses rectal tone, presence of impacted stool, 
attenuation of the prerectal fascia, and perineal laxity. With the 
use of both blades of speculum, the vaginal vault or cervix 
can be examined for uterine descent, vault prolapse, and 
enterocele.

The ICS approved the POPQ validated system for describing 
pelvic organ support.1 Six points (two on the anterior vaginal 
wall, two in the superior vagina, and two on the posterior vaginal 
wall) are located with reference to the plane of the hymen. The 
system assigns negative numbers (in centimeters) to structures 
that have not prolapsed beyond the hymen and positive numbers 
to structures that protrude. With specifi c reference to the ante-
rior compartment, point Aa is located in the midline of the 
anterior vaginal wall, 3cm proximal to the external urethral 
meatus. Point Ba represents the most dependent position of any 
part of the upper anterior vaginal wall, from the vaginal cuff or 
fornix to point Aa. Point C represents either the most distal edge 
of the cervix or the leading edge of the vaginal cuff after total 
hysterectomy. This system allows objective and reproducible 
documentation of the degree of prolapse.

Imaging Studies

In the setting of a large introital bulge, it may be diffi cult to dif-
ferentiate between a severe cystocele, an enterocele, and a high 
rectocele by physical examination only.16 Imaging studies should 
be done to specifi cally identify which organs are prolapsing. 
An ideal imaging study should provide precise information 
about which structures are prolapsed, the presence of urinary 
retention and obstruction, urethral hypermobility, and urinary 
incontinence.

Cystourethrography
For a cystourethrogram, the patient should be upright with a full 
bladder. Films should be taken during both rest and strain. This 
examination provides information about bladder position, 
bladder neck funneling, urethral mobility, stress incontinence, 
and postvoid residual volumes. The presence of a rectocele 
can also be inferred if bowel gas is identifi ed below the pubic 
symphysis. This examination is static and does not provide 
information about other pelvic organs or soft tissues of the pelvic 
fl oor.

Dynamic Fluoroscopy
Dynamic fl uoroscopy (colpocystodefecography, vaginography) 
relies on making the organs of interest (bladder, vagina, rectum) 
radiopaque and studying their positional changes with straining 
under fl uoroscopy. This is a dynamic examination done with the 
patient upright. Standing recreates the setting in which the patient 
experiences maximal vaginal bulging. For this procedure, con-
trast paste must be placed into the vagina and rectum, which can 
be uncomfortable. Vaginography and defecography are little used 
now, given the increasing experience and precision of magnetic 
resonance imaging (MRI).

Ultrasonography
Ultrasound is an attractive imaging modality because it is easy to 
perform, is minimally invasive, and avoids radiation exposure. 
Tubo-ovarian and renal disease can also be assessed during the 
same examination. There is evidence that ultrasound is useful in 
evaluating bladder neck hypermobility; however, transvaginal 
imaging for pelvic prolapse does not provide adequate visualiza-
tion of the soft tissues.17 Translabial ultrasound can be used to 
quantify prolapse, although it appears to be better for the anterior 
compartment and uterine descent than for the posterior com-
partment.18 This is not an imaging modality often used for 
prolapse.
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Dynamic Magnetic Resonance Imaging
MRI is becoming a standard in the evaluation of pelvic prolapse. 
It is performed quickly, without contrast or ionizing radiation, 
and permits visualization of the soft tissues as well as the upper 
urinary tract. Gousse and colleagues30 showed that, in compari-
son with fi ndings at surgery, MRI had 100% sensitivity, 83% 
specifi city, and a positive predictive value of 97% in assessing 
cystoceles. Compared with colpocystodefecography, MRI does 
not require intravesical catheterization, does not require con-
trast, is fast, and is noninvasive. The drawback is that MRI may 
underestimate the extent of cystocele and enterocele, because the 
examination must be performed with the patient in the supine 
position, which diminishes the downward forces that can be gen-
erated with abdominal straining.19,20 Standing MRI is the ultimate 
modality in obtaining an even more precise study for prolapse.

Videourodynamics
A urodynamic study can be done with or without video assis-
tance. Both methods provide information about bladder compli-
ance, capacity, sensation of fi lling, detrusor instability, and 
contractility. An advantage in performing videourodynamics 
is the additional information gained in terms of anatomy 
by monitoring the position and funneling of the bladder neck 
during fi lling and straining. The choice to use fl uoroscopy 
should be based on cost, availability, and familiarity with this 
method.

The importance of documenting the presence of urinary 
incontinence in patients with large cystoceles is controversial. 
The incidence of occult stress urinary incontinence is believed to 
be as high as 22% to 80% among patients with high-stage vaginal 
vault prolapse.21 Because of the frequent masked urinary incon-
tinence and the high incidence of postoperative de novo stress 
incontinence, many surgeons routinely perform a concomitant 
anti-incontinence procedure along with anterior vaginal recon-
struction, independent of the continence status. A study by 
Barnes and colleagues22 retrospectively reviewed the charts of 38 
women who had grade 3/4 prolapse without signifi cant symp-
toms of stress incontinence. None of the patients demonstrated 
stress incontinence during physical examination or videourody-
namics studies until the prolapse was mechanically reduced. All 
patients subsequently had documented stress incontinence, with 
a mean abdominal leak point pressure of 86 cm H2O. All patients 
then underwent surgical repair of the prolapse with placement of 
a pubovaginal sling. None of the patients developed permanent 
retention. Recurrent stress incontinence occurred in 5% of the 
patients. On the other hand, Chaikin and colleagues23 evaluated 
24 “continent” women with severe cystocele. They used a pessary 
to reduce the cystocele during urodynamic studies and docu-
mented incontinence in only 58% of patients. The patients with 
overt incontinence received an anti-incontinence procedure, 
and the others did not. With a mean follow-up of 47 months, 
none of the patients treated only by colporrhaphy developed 
incontinence. The authors recommended concomitant anti-
incontinence procedures only for patients with overt leakage 
(after the cystocele is reduced). To improve the sensitivity of the 
urodynamic test to reveal urinary incontinence, a pessary or 
vaginal pack can be used to reduce the cystocele.24,25 However, if 
there is signifi cant pelvic fl oor relaxation, a pessary may not be 
able to prevent the prolapse, and it can cause artifi cial urethral 
kinking. Additionally, there is no proven correlation between 
pessary reduction and the reduction obtained with surgery. 

Therefore, the results of urodynamic testing with a pessary in 
place cannot be equated with the urinary symptoms after the 
surgical repair.

Determining the presence of bladder instability is important 
in preoperative counseling, because it can affect the postoperative 
result. In most cases (60% to 80%), urgency resolves after 
surgery.26 However, some patients have no change in urgency or 
a worsening of their urgency with sling placement and/or bladder 
neck elevation. Urodynamic studies may also suggest urinary 
obstruction with elevated voiding pressure, low urinary fl ow, or 
radiographic evidence of urethral kinking.

Cystourethroscopy
Cystourethroscopy is performed to rule out concurrent intraure-
thral or intravesical pathology such as bladder carcinoma, ure-
thral diverticulum, stones, or foreign bodies (i.e., suture material) 
from previous surgery. Cystoscopic illumination can also be used 
to differentiate an enterocele from a cystocele.27 A pelvic exami-
nation is performed with the cystoscope in the bladder. The 
bladder transilluminates through the anterior vaginal wall so that 
the extent of the bladder prolapse is demarcated. We assess 
bladder neck competence both at rest and during straining. Cys-
tourethroscopy can also be used as a bedside urodynamic exami-
nation, assessing fi lling sensation, postvoid residual volume, and 
visual cystometrics for bladder contractions. With a full bladder, 
a supine Valsalva stress test can be performed, looking for ure-
thral leakage.

Upper Urinary Tract Evaluation
Patients with a stage 4 cystocele should have upper tract imaging, 
because there is a 4% to 7% incidence of moderate hydrouretero-
nephrosis among patients with severe vaginal prolapse.28,29 This 
risk is greater in patients with procidentia than in those with vault 
prolapse. Ultrasonography, excretory urography, computed 
tomography, or MRI may be used. An advantage of MRI is the 
ability to evaluate the upper urinary tract, tubo-ovarian disease, 
and pelvic organ prolapse simultaneously.

Laboratory Evaluations

Patients must have sterile urine before proceeding with an opera-
tive procedure. In preparation for surgery, we routinely obtain a 
complete blood count, basic metabolic panel, and coagulation 
profi le in addition to the urine culture.

SURGICAL REPAIR

The goal of repair is to restore pelvic anatomic support of the 
anterior vaginal wall. This is rarely an independent surgery. 
Often, surgery entails addressing incontinence as well as prolapse 
of the uterus and posterior compartment. The end result must 
restore anatomy and function by restoring the normal vaginal 
axis and depth and preserving urinary, bowel, and sexual func-
tion. It must be kept in mind that anatomy does not always 
correlate with function.

Treatment of high-grade or symptomatic cystocele must 
address all defects of the pelvic fl oor. In the anterior compart-
ment, we must correct urethral hypermobility as well as weakness 
of lateral bladder support (paravaginal), perivesical fascia 
(central), and the cardinal-sacrouterine ligament complex.
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Transvaginal Paravaginal Repair

This technique simultaneously repairs the four defects present in 
patients with signifi cant cystocele: support of the hypermobile 
urethra by a sling procedure, approximation of the cardinal liga-
ments back to the midline to form the most proximal support of 
the bladder, repair of the central defect by approximation of the 
perivesical fascia to the midline, and correction of the lateral 
defect by support of the bladder neck and bladder base to the 
obturator fascia using polypropylene mesh. The infralevator 
obturator “fascia” as it condenses on the pubic bone is the basis 
of our vaginal paravaginal defect repair; it acts as an immobile 
structure to secure the mesh. If only the central defect repair is 
performed, the cystocele may recur (due to the lack of lateral 
support), and de novo incontinence may ensue because of a 
poorly supported and hypermobile urethra. On the other hand, 
if only a bladder neck suspension or plication procedure is per-
formed without correction of the cystocele, the patient may 
develop aggravation of the prolapse, obstructive symptoms, and 
urinary retention.

As mentioned, a distal urethral sling is always performed 
concomitantly with a stage 4 cystocele repair. The sling is 
placed before the cystocele repair, and the details are described 
in a separate chapter. Here, we concentrate on the steps of the 
cystocele repair. If total vaginal prolapse was present, the order 
of repair would be as follows: transvaginal hysterectomy, vault 
suspension sutures placed, enterocele repair with pursestring 
sutures, sling, cystocele repair, vault sutures tied, and rectocele 
repair.

1. Preparation includes creation of a 1 × 10 cm Prolene 
mesh sling and a 5 × 5 cm round Prolene mesh disc. 
Labial sutures are placed, and the weighted speculum 
is inserted. A suprapubic cystostomy tube and urethral 
catheter are placed. The bladder is emptied. A ring 
retractor with multiple hooks is used for additional 
exposure.

2. A vertical incision is made from the bladder neck to the 
vaginal cuff. The incision should be superfi cial enough to 
avoid bladder perforation but deep enough to expose the 
perivesical fascia.

3. The vaginal wall is dissected to expose the bladder and 
proximal urethra. The dissection is carried out in the avas-
cular plane between the vaginal wall and the bladder, later-
ally toward the lateral pelvic wall and obturator fascia and 
posteriorly to expose the cardinal ligaments. The lateral 
dissection need only extend so far as make it easy to palpate 
the inferior ramus.

4. A fi gure-of-eight 2-0 Vicryl suture is applied to the cardinal 
ligaments to approximate them to the midline. The sutures 
are not tied at this time. The needle is left attached to the 
suture and will be used to anchor the mesh later. Intrave-
nous injection of indigo carmine (5 mL) is given at this 
time, followed by a bolus of 500 mL saline.

5. Interrupted horizontal mattress sutures of 3-0 Vicryl 
are applied to plicate the attenuated perivesical and 
periurethral fascia to the midline (anterior colporrhaphy). 
The sutures are placed superfi cially but incorporate a 
wide segment of the perivesical fascia. Deep placement 
of the sutures should be avoided, to prevent bladder injury 
or ureteric obstruction. This is not the strength of the 
central repair but rather facilitates reduction of the 
defect.

6. Cystoscopy is performed to confi rm that the suprapubic 
tube is in place, the bladder is free of injury, and the ureters 
excrete indigo-stained urine.

7. The bladder is retracted laterally, using the back of forceps, 
to facilitate placement of a 2-0 Vicryl suture (CT 1 needle) 
in the obturator fascia on each side. The key is to palpate 
the inferior ramus, then place the suture just over the peri-
osteum, taking a strong bite of the infralevator obturator 
fascia. A strong tug on the suture ensures secure placement. 
We have found this to be a reliable, strong, nonmobile 
anchor. Check to make sure the suture was not placed 
through the vaginal fl ap.

8. The circular 5 × 5 cm mesh is now used to cover the peri-
vesical fascia and secure the repair. The already placed 
obturator fascial sutures are used to fi x the mesh laterally. 
Posteriorly, the mesh is fi xed to the cardinal ligaments 
using the previously placed midline suture. Distally, two 
simple interrupted sutures of 3-0 Vicryl are used to secure 
the mesh on each side of the bladder neck, taking strong 
bites of the perivesical fascia. The mesh is trimmed as 
needed to ensure taut positioning.

9. The excess vaginal wall is trimmed and closed without 
tension using multiple runs of 3-0 Vicryl. A vaginal packing 
soaked in antibiotic cream is inserted. No urethral catheter 
is placed.

Postoperative Care

The antibiotic-soaked vaginal pack is kept in place until dis-
charge. Most patients go home after 24 hours of observation. The 
suprapubic tube is capped and attempts at voiding are instituted 
before discharge. Patients are instructed in the use of the supra-
pubic catheter to check postvoid residuals at home. Most patients 
void within 24 hours, so the placement of a suprapubic tube or 
urethral catheter (and possible preoperative teaching of intermit-
tent catheterization) is the surgeon’s preference. We do keep the 
suprapubic catheter in place for at least 1 week to minimize pos-
sible urinary extravasation with its removal.

RESULTS

Our early series of 94 consecutive patients with stage 4 cystocele 
repair showed cure or improvement of the anatomic prolapse in 
82% of patients. The range of follow-up was 8 to 22 months. The 
complication rate was 8%. There was transient retention in two 
patients and de novo urinary incontinence in 4% of the patients. 
Although no patient developed recurrent high-grade cystocele, 
two patients developed mild grade 2 cystoceles. No complications 
related directly to the mesh were seen; specifi cally, there were no 
erosions or graft infections. There have been no cases of perma-
nent urinary retention to date.

CONCLUSION

Armed with a fundamental grasp of the anatomy and patho-
physiology of pelvic support, once can more effectively address 
patients with defi ciencies in pelvic support and appropriately 
apply the current methods of evaluation and treatment discussed 
in other chapters of this book.
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Chapter 65

CYSTOCELE REPAIR USING 
BIOLOGIC MATERIAL
George D. Webster and Neil D. Sherman

A variety of surgical options are available to the reconstructive 
surgeon for treatment of anterior vaginal wall prolapse. The tra-
ditional surgical approach for cystocele repair is anterior colpor-
rhaphy with plication of the pubocervical fascia. Despite an 
increased knowledge of pelvic anatomy and advances in surgical 
techniques, success is variable, and recurrence rates vary from 
20% to 40%.1 Recent literature has suggested that the interposi-
tion of graft material over the fascial defect to repair both central 
and lateral defects of the anterior vaginal wall may increase the 
success rate of surgery. The purpose of the graft is to allow for 
replacement or regeneration of fascia by providing a matrix into 
which in-growth of support tissue will occur.2 A variety of graft 
materials are available for such pelvic fl oor reconstruction.

The properties of an ideal implant (graft material) were 
described by Cumberland3 and Scales4 more than 50 years ago, 
and the principles remain true today. These characteristics 
include the proposal that the implant should be elastic or supple, 
should be easily tailored, and it should have good tensile strength. 
Additionally, the implant should cause minimal foreign body 
reaction and allow for good tissue incorporation and collagen 
in-growth while promoting permanent tissue repair. Finally, the 
graft must be tolerated in an infected environment and cause 
minimal wound complications.

To date, the graft that meets all of the above criteria remains 
elusive. Currently available grafts are most easily classifi ed as 
biologic or synthetic. Biologic grafts can be further described as 
autologous, allograft (cadaveric fascia and dermis), or xenograft 
(e.g., porcine dermis, porcine small intestine submucosa). Syn-
thetic grafts and some biologic biomaterials are discussed else-
where in the text; this chapter discusses the use of dermal allografts 
and xenografts for the treatment of anterior vaginal wall 
prolapse.

BIOMATERIALS

The United States National Institutes of Health (NIH) defi nes a 
biomaterial as “any substance (other than a drug) or a combina-
tion of substances, synthetic or natural in origin, which can be 
used for any period of time, as a whole or a part of a system which 
treats, augments, or replaces any tissue, organ, or function of the 
body.”5 Currently, there are fi ve types of biomaterials being 
used in the medical environment: polymers (i.e., in catheters), 
composites, metals and alloys, ceramics, and biologic materials.6 
Each material offers unique capabilities and advantages based 
on its composition, its architecture, and whether it is 
biodegradable.

The concern over possible costly litigation resulted in a world-
wide shortage of biomaterials in the mid-1990s. In response, the 

Biomaterials Access Assurance Act was passed by the U.S. Con-
gress in July 1998 to provide some protection to manufacturers 
as well as encourage development of new materials.6 In the United 
States, the Food and Drug Administration (FDA) regulates 
medical devices, but not biomaterials, unless they are a compo-
nent of a medical device. In Europe, any device or apparatus 
intended for human use is required to have a CE mark, indicating 
that safety and performance criteria have been met for a particu-
lar indication.7

Although most would agree that the ideal biomaterial should 
be reproducible, biocompatible, biodegradeable, and nontoxic, 
less is understood about the properties required to facilitate the 
colonization and integration of cells into a functional tissue.8 A 
principal factor in the success of a new material is its ability to 
perform with an appropriate host response in a specifi c applica-
tion (i.e., its tissue biocompatibility). Tissue reactions to 
implanted materials vary widely, and the response determines to 
a great extent whether the material will be biocompatible.9

In the urologic and urogynecologic community, there are a 
broad range of uses for biomaterials. Biomaterials are used in 
artifi cial urinary sphincters, in testicular and penile prostheses, 
and as injectables for stress incontinence. Additionally, they 
can be used for the restoration of function or structure (i.e., 
grafts for Peyronie’s disease, bladder augmentation) and for 
reinforcement of the vaginal wall in prolapse/reconstructive 
procedures.7

The most commonly used natural materials available for pro-
lapse repair include autograft (rectus fascia), allograft (cadaveric 
fascia,) and xenografts. Xenografts may be either nonabsorbable 
(i.e., Pelvicol) or absorbable collagen (small intestine submucosa 
[SIS]).

NONABSORBABLE PORCINE COLLAGEN

Pelvicol (C.R. Bard, Covington, GA) is the most frequently 
researched and implanted xenograft collagen. It was developed 
at the University of Dundee in the United Kingdom and was 
designed for permanent implantation in humans for use in pubo-
vaginal slings, vaginal wall repair, cystoplasty, and phalloplasty.7 
Pelvicol was licensed for use in Europe in 1998 and received 
approval from the U.S. FDA in 2000. When the tissue is used for 
applications outside urology and urogynecology, it is distributed 
under the name Permacol. Porcine collagen is 95% homologous 
to human collagen, and it appears to provide a strong, nonaller-
genic scaffold for human tissue growth.10

Pelvicol is derived from porcine dermis. A patented process 
removes all fats and cellular materials, including cells, cell com-
ponents, and nucleic acids, through a series of organic and enzy-
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matic extractions that leave the material without any DNA.11,12 
The fi nal stage of the processing involves stabilizing the matrix 
with an approved cross-linking agent to maintain strength and 
provide permanence. Gamma sterilization of the tissue ensures 
sterility.

Originally, the grafts were cross-linked with glutaraldehyde. 
However, this agent was associated with signifi cant calcifi ca-
tions,13 so now diisocyanate, which has less graft mineralization, 
is used as the cross-linking agent.10,14 Ultimately, this fi nal product 
is a piece of fi brous, acellular, cross-linked porcine dermal colla-
gen that is nonallergenic, is nontoxic, and does not elicit a foreign 
body response.15 Also, the resulting material conserves the origi-
nal three-dimensional architecture of the collagen matrix with a 
small amount of elastin.12

The treated tissue is free of DNA remnants as well as foot and 
mouth disease,16 and the manufacturing process has been dem-
onstrated to remove the viral and bacteriologic load from Pelvi-
col implants. Reoviruses are reduced by more than 12 logs and 
porcine parvoviruses by 6.7 logs, levels that are acceptable to both 
the FDA and the European United (EU) regulatory authorities.17 

Once implanted in to human tissue, the implant has been shown 
to be a biocompatible, sterile, and strong biologic matrix that is 
permanently incorporated into the host tissue.15 The graft is 
available in several sizes depending on its clinical use.

There are other nonabsorbable xenograft collagens produced 
by other companies, but, as of this publication, human use of 
these grafts has not been reported. One such graft, Cytrix Soft 
Tissue Repair Matrix (TEI Biosciences, Boston, MA) is a bovine 
dermis that does not undergo cross-linking.18 Whether this dif-
ference in processing alters graft strength remains to be seen. In 
a rat model, Rosenblatt showed that this graft was populated by 
host fi broblasts and a supporting vasculature. Over 15 months, 
the implant collagen was remodeled and replaced by the host into 
collagen that repaired the iatrogenic muscle defect.18

Fate of the Graft: Porcine Collagen

Although rejection of porcine dermis has not been reported, case 
studies suggest an unpredictable tissue response once the graft is 
implanted. Cole identifi ed a completely encapsulated porcine 
dermis sling during urethrolysis at 6 months after surgery. 
Grossly, the sling was intact, and histologically, it was acellular 
and did not show evidence of human tissue proliferation.19 
Salomon and assocuates reported on 1 patient who underwent 
exploratory surgery 1 year after implantation of a transobturator 
Pelvicol graft for cystocele repair. At the time of surgery, there 
was no infl ammation around the graft which was easily freed 
from surrounding tissues. Histologic evaluation showed coloni-
zation by fi broblasts and blood vessels with minimal infl amma-
tory response.17

Gandhi and colleagues reviewed the tissue specimens of seven 
patients with a prior porcine dermal sling and found limited col-
lagen remodeling and evidence of a foreign body–type reaction 
in patients with postoperative retention. In cases of recurrent 
stress incontinence, implants appeared to be completely replaced 
by dense fi broconnective tissue and moderate neovascularization 
without evidence of infl ammation or graft remnants. The authors 
concluded that this variable tissue reaction raises questions of 
tolerability and effi cacy and may contribute to unpredicitable 
clinical outcomes.20

After implantation, there is a migration of cells, in-growth of 
tissue, neovascularization, and collagen formation in and around 

the graft. Although it is unclear what the ultimate biomechanical 
properties will be like once the graft is implanted, some research-
ers believe that this connective tissue surrounding the implant 
adds to its strength.21

On the other hand, Dora and coworkers demonstrated in 
a rat model that porcine dermis and porcine SIS show a 
marked decreased in tensile strength and stiffness after being 
implanted for 12 weeks on the abdominal rectus fascia.22 Whether 
this mechanical change is of clinical signifi cance remains 
unknown. In still another animal study, Macleod and colleagues 
evaluated Permacol 20 weeks after implantation in the Sprague-
Dawley rat. Although the graft maintained its thickness over 
the 20 weeks, there was a decrease in mean collagen density. 
These fi ndings suggest an overall loss of collagen over the 20 
weeks.9

Although it appears that there is not one specifi c factor that 
is paramount for porcine dermis graft success, attempts have 
been made to evaluate the integral pieces necessary for success. 
One belief is that the graft relies, to some degree, on its capacity 
to be colonized by host cells, and when recurrence occurs, it may 
be because of compromised native tissue and vascularity contrib-
uting to poor graft behavior.23 In another evaluation of the tissue, 
Boon and coworkers implanted the graft subcutaneously in a rat 
model and found minimal fi broblast in-growth into cross-linked 
collagen. They suggested that cross-linked collagen may be con-
sidered for use in situations where neither incorporation nor 
dissolution of the biomaterial is desired.24 Others have also seen 
a low infl ammatory response to the Pelvicol.21 This “tolerance” 
may contribute to a more ordered deposition of collagen,21 
perhaps allowing the graft to behave similar to autologous 
tissue.

With respect to vaginal examination after porcine dermis 
implantation, we are in agreement with the assessment by others 
that the Pelvicol implant is diffi cult to palpate postoperatively, 
whereas that is not always true with some mesh materials.2 Addi-
tionally, there is minimal to no shrinkage of the material, a key 
factor in sexually active women and in those with preoperative 
vaginal stenosis.

Some authors have shown that perforating the porcine dermis 
improves the graft take and decreases wound infections by allow-
ing for increased tissue in-growth and revascularization of the 
vaginal epithelilum overlying the graft. Tensile strength and 
suture pull-out strength were maintained in the perforated 
graft.25

RESULTS: PORCINE COLLAGEN

Long-term data for porcine dermis in cystocele repair are gener-
ally lacking, but early results are promising (Table 65-1). De 
Ridder compared the Raz classic cystocele repair using polyglac-
tin mesh with a modifi ed Raz technique using a Pelvicol implant 
as an overlay graft material. Follow-up was only 9.3 months, but 
there were no recurrences or erosions in the Pelvicol group.2 
Fischer used Pelvicol implant for cystocele repair in 14 patients, 
for rectocele repair in 80 patients, and for combined repair in 10 
patients.26 With follow-up of at least 6 months, there were no 
cases of extrusion, recurrence, shrinkage, induration, dyspareu-
nia, or urgency-frequency syndrome. Gomelsky used porcine 
dermis for cystocele repairs with and without anti-incontinence 
surgery or vault suspension in 70 patients. With follow-up of at 
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least 12 months, 9 patients (12.9%) had asymptomatic recurrent 
cystoceles that were managed conservatively.10 Steinberg used a 
6 × 12 cm trapezoid piece of porcine dermis to perform vaginal 
paravaginal repair. When patients were analyzed stage for stage, 
there was a statistically signifi cant improvement from preopera-
tive to postoperative stage of prolapse.27

Besides anatomic improvement with the use of a graft, Sundar 
showed that the use of porcine collagen provides a signifi cant 
overall improvement in quality of life.28

SMALL INTESTINE SUBMUCOSA

SIS is harvested from porcine jejunum and is composed of the 
stratum compactum of the tunica mucosa, the tunica muscularis 
mucosa, and the tunica submucosa.9 Processing leaves the extra-
cellular collagen matrix intact, thus allowing the presence of col-
lagen, growth factors, glycosaminoglycans, proteoglycans, and 
glycoproteins to promote host cell proliferation through SIS 
layers.36 Theoretically, the SIS scaffold should be entirely remod-

Table 65-1 Results of Porcine Dermis Implants for the Correction of Anterior Vaginal Wall Prolapse

Study (Ref. No.) N Follow-up (Mo) Objective Cure Recurrence Adverse Events
Implant Trade 
Name

De Ridder (2)  28  9.3 None No erosions Pelvicol
Fischer (26) 104 >6 Not provided No extrusion 
Gomelsky et al 

(10)
 70 24 8.6% grade 2, 

4.3% grade 3
Superfi cial wound 

separation treated 
conservatively (1 
case)

Intexen

Leboeuf et al (23) 15 93% 6.9% (2 pts 
grade 2, 1 pt 
grade 3)

4.7% postoperative 
retention; 11.7% de 
novo urge 
incontinence

Pelvicol

Steinberg et al (27)  81  8.5 69% 26% fi rst degree 
(Baden-
Walker); 4.9% 
second degree

Each preoperative stage 
of prolapse showed 
signifi cant 
improvement 
postoperatively

Porcine dermis 
(company 
not stated)

Salomon et al (17)  27 14 81% 1 pt stage 1, 4 
pts stage 2; all 
pts had stage 
3 or 4 
preoperatively

Placed via 
transobturator 
approach, combined 
with bilateral 
sacrospinous fi xation; 
1 graft removed 
because of pain at 
transfi xing vaginal 
stitch

Pelvicol

Ruparelia et al (29)  48 20 85% pt 
satisfaction 
rate, 78% 
symptomatic 
improvement

2% reoperation 
rate

2 wound breakdowns Pelvicol

Kocjancic et al (30)  79  6.5 73% optimal 
anatomic 
outcomes

2 poor wound healing 
managed as 
outpatient; no graft 
infection/rejection

Pelvicol

Verleyen et al (31)  8 1 pt stage 1 No infection, erosion, 
or rejection

Pelvicol

Graul et al (32)  37  6 1 expulsion; 1 small 
graft erosion

Pelvicol

Flam (33)  59 None 24% anaerobic 
infection

Pelvicol

Paparella et al (34)  45 1 pt stage 2 No infection, erosion, 
or rejection

Pelvicol

Cervigni et al (35)  8.8 68% anatomic 
cure

1 erosion

pt, patient; pts, patients.
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eled and replaced by the host’s connective tissue in 90 days.37 SIS 
for pelvic reconstruction is currently available in 1-ply and 4-ply 
sheets for prolapse repairs (SurgiSIS and SurgiSIS ES, Cook Inc., 
Bloomington, IN).

To date, there are few published data available on the use 
of porcine SIS for the treatment of pelvic organ prolapse. In 
one small human study, eight patients underwent SurgiSIS-
augmented vaginal prolapse surgery. At follow-up, there was 
adequate support of the vaginal wall, and symptom scores showed 
improvement.38 Although the database for pelvic reconstruction 
is small, SIS has been used as a pubovaginal sling39,40 and for the 
treatment of abdominal wall hernias, where it was effective in 
both clean and clean-contaminated repairs.41

As with other biologic materials, in vivo human studies for 
prolapse repair are lacking. Therefore, response of the implant in 
this application must be extrapolated from its use in pubovaginal 
sling surgery. In three humans requiring exploration after SIS 
pubovaginal sling placement, Weidemann and Otto found 
minimal SIS implant and no infl ammatory or foreign body reac-
tion.42 These results were in stark contrast to the signifi cant 
infl ammatory reaction found after an 8-ply SIS graft was placed 
as a sling.43,44 In an attempt to limit the infl ammatory response, 
modifi cations to the graft and instructions for its use have been 
made.

A number of animal studies evaluating SIS have been per-
formed. Other authors have used a rat model to show that SIS 
initially shows a moderate degree of chronic infl ammation that 
falls to minimal levels in a 20-week period of implantation.9

In a rabbit model, porcine SIS was shown to decrease in 
surface area by 41%.22 The clinical implications for this fi nding 
with respect to anterior vaginal wall repair were not expanded on 
and in reality are unknown.

In a canine model, a piece of SIS was used to replace a portion 
of bladder wall. Immunohistochemical examination of the regen-
erated bladder at 15 months showed normal histology (epithe-
lium, muscle, and serosa) and presence of nerves and other 
constituents (calcitonin gene-related peptide and substance P 
immunoreactive nerve fi bers). Of note, in vitro testing of the new 
bladder wall for compliance and contractility showed it to be 
similar in function to the original bladder wall. To date, there 
have been no clinical trials.45 It remains to be seen how this 
knowledge can be incorporated into the use of SIS for the genera-
tion of a graft for prolapse repair.

Using a rabbit model, Claerhout and colleagues evaluated 
various materials including SIS and Pelvicol in abdominal wall 
defects. By 3 months, the SIS appeared as a thin, almost transpar-
ent membrane. For SIS, the point of weakness was determined 

to be the material itself, whereas for Pelvicol the maximum point 
of weakness was the interface between graft and native tissue.46

HUMAN DERMIS

The most common cadaveric dermis used in pelvic reconstruc-
tive surgery is AlloDerm (LifeCell Corp, Branchburg, NJ); Dura-
derm (C.R. Bard Inc, Murray Hill, NJ) has less information for 
prolapse repair available.47 Cadaveric dermis is an acellular and 
immunologically inert biologic biomaterial that works by acting 
as a biologic scaffold for tissue remodeling.48 Graft preparation 
involves decellularization to remove the epidermis and dermis 
while preserving the basement membrane complex.49 The graft 
then undergoes freeze-drying such that the collagen, elastin, and 
proteoglycans are maintained.48 The biomechanical properties of 
dermal grafts have been shown to be similar to those of autolo-
gous rectus fascia and solvent-dehydrated cadaveric fascia.50

Although intact DNA has been found in acellular cadaveric 
dermis,51 it has not been associated with disease transmission in 
recipients. The American Association of Tissue Banks is the orga-
nization responsible for maintaining screening and procurement 
standards.

Dermal allograft has been used for many different surgical 
procedures,52,53 including pelvic fl oor reconstruction.54-57 One 
potential benefi t of the tissue is its ability to maintain elasticity. 
However, it remains unclear whether this characteristic prevents 
recurrence by allowing the vaginal wall to stretch with Valsalva 
maneuvers and then return to its original position, or whether 
the elasticity contributes to failure because it may be stretched 
too far.57 Histologically, it appears that dermal allograft com-
pletely incorporates into the host fi bromuscular layer, with no 
signifi cant infl ammation and no identifi able graft 2 years after 
implantation.58 Variations in processing may affect success rates 
with cadaveric fascia, but studies with cadaveric dermis are 
lacking.59 If complications such as graft extrusion occur, they can 
be managed conservatively with topical estrogen cream.60

Human studies for anterior wall reconstruction are limited; 
results are shown in Table 65-2.

BOVINE PERICARDIUM

Experience with bovine pericardium for cystocele repair is 
extremely limited, and indeed, in our opinion, very suspect. 
McLennan used this graft in 61 patients undergoing vaginal para-
vaginal repair. With a mean follow-up of 7.25 months, 6.5% of 

Table 65-2 Results of Cadaveric Dermal Graft for the Treatment of Anterior Vaginal Wall Prolapse

Study (Ref. No.) N Follow-up (Mo) Outcome Complications

Jelovsek et al (54)  9 18.4 44% stage 0-1 20% site granulation tissue (includes 
posterior repairs)

Chung et al (55) 19 28 16% objective failure
Clemonset al (57) 33 18 41% objective failures (stage >2); 3% 

subjective failures
No erosion/rejection

Graul & Hurst (61) 67 10.2 2 failures defi ned as stage 2 or greater 1 erosion treated conservatively; 1 graft 
expulsion
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patients had a stage 2 or greater anterior wall prolapse. There 
were no cases of graft erosion, and the authors noted that by 6 
weeks vaginal tissue was supple and normal.62 However, when 
bovine pericardium was used for pubovaginal sling procedures, 
the rate of erosion was much more signifi cant.63,64

SURGICAL TECHINIQUE

Surgery is performed with the patient under either general or 
spinal anesthesia. Sequential compression devices are placed pre-
operatively, and prophylactic antibiotic coverage is given on call 
to the operating room. The patient is placed in dorsal lithotomy 
position with Allen stirrups.

Concominant procedures such as a hysterectomy or pubo-
vaginal sling can be performed at the same sitting. Usually, pro-
lapse repair is completed before anti-incontinence surgery or 
rectocele repair and after hysterectomy. If the patient has had a 
prior hysterectomy, the uterosacral ligaments are sutured and 
tagged for easier identifi cation. The vaginal epithelium is injected 
with 0.25% Marcaine. Incision of the vaginal epithelium is usually 
in the midline. Lateral vaginal fl aps are elevated superfi cial to the 
pubocervical fascia, all the way to the obturator fascia laterally 
and the uterosacral/cardinal ligaments proximally. The endopel-
vic fascia is perforated, and dissection is carried into the space of 
Retzius bilaterally. The arcus tendineus fascia pelvis is identifi ed 
laterally where it attaches to the obturator internus fascia.

The native fascia may be brought together in the midline with 
absorbable or nonabsorbable suture depending on surgeon pref-
erence. The graft is prepared on the back table according to the 
manufacturer’s recommendations and then brought into the 
vagina and trimmed to an appropriate size. Initial tapering should 
err on the large side so as not to foreshorten the graft. The graft 
is secured to the vaginal cuff and uterosacral ligaments proxi-

mally at the vaginal apex and then laterally to the obturator fascia, 
using interrupted 2-0 polyglycolic acid suture. Distally, the graft 
should be affi xed to the arcus or the fascia overlying the inferior 
ramus of the pubis at the level of the bladder neck. Tailoring of 
the graft shape is accomplished as the graft fi xation progresses 
distally. Copious antibiotic irrigation may be used throughout 
the procedure. Cystoscopy is performed to confi rm integrity of 
the bladder and ureters.

After the graft has been secured in place, redundant vaginal 
epithelium is trimmed, and the vaginal wall is closed with inter-
rupted absorbable suture. If an anti-incontinence procedure is 
necessary, it may be performed at this time via a separate 
incision.

CONCLUSION

Biologic biomaterials may have a valuable role in reconstructive 
procedures for anterior vaginal wall prolapse. When graft mate-
rial is required, the surgeon must identify the positive properties 
of each option and determine the most appropriate material for 
the individual patient. Future technologic advancements may 
one day provide the ideal graft material that meets all the neces-
sary criteria for long-term durability and success.

Disclaimer

The authors have been asked to review the use of particular bio-
logic materials in the repair of anterior vaginal wall defects and 
to provide comment. This does not represent endorsement of use 
of such materials, and it should be stated that “the jury is still 
out” regarding the optimal approach and materials one should 
use to enhance the success of repairs of the anterior vaginal 
compartment.
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Chapter 66

TENSION-FREE CYSTOCELE REPAIR 
USING PROLENE MESH
Mauro Cervigni and Franca Natale

Pelvic organ prolapse (POP) is one of the emerging problems in 
women, considering the aging population in Western countries 
together with already known risk factors such as race, genetic 
predisposition, pregnancy, parity, obstetric trauma, menopause, 
and previous gynecologic surgery. Among these factors, certainly 
white Caucasian women have a higher odds ratio (1.0) with 
respect to African American and Hispanic women (0.6 and 1.2, 
respectively).1

Considering the different segments involved in the develop-
ment of POP, the anterior vaginal wall, and in particular the 
bladder, represented the site most frequently affected in a study 
of 27,000 American women; the posterior segment (rectocele) 
was present in 19%, and uterine prolapse in 14%.1

Mant and colleagues, in 1997, studied a group of 17,000 
women and observed that the incidence of anterior colporrhaphy 
was 37%, compared with a 24% rate of vaginal hysterectomy.2

Numerous surgical procedures have been proposed in the last 
century to correct all types of anterior vaginal wall defects (central, 
paravaginal, combined), using either an abdominal or vaginal 
approach. Despite improved understanding of pelvic anatomy 
and organ function and the advancement of surgical techniques, 
the long-term success rate is still variable. Recurrence rates for 
the various surgical procedures used to treat anterior vaginal 
prolapse range from 3%3 to 20%4 after single anterior colpor-
rhaphy, from 22%5 to 92%6 if the anterior colporrhaphy is com-
bined with other procedures (sacrospinous ligament suspension), 
from 2%7 to 59%8 after four-corner suspension, and from 5%9 
to 50%10 after vaginal paravaginal repair. The reasons for such 
discrepancies are several and include poor patient selection, sub-
optimal surgical technique, inappropriate choice of suture mate-
rial, and persistence of predisposing risk factors for prolapse 
(constipation, chronic respiratory disease).11 Moreover, Farrell 
and colleagues emphasized that the very existence of the pubo-
cervical fascia used during anterior colporrhaphy is doubtful. 
They observed in samples obtained during surgical procedures 
for the correction of anterior defect that the so-called fascia is 
adequately identifi ed only 58% of the time and concluded that 
this fi nding calls into question techniques that rely on isolated 
fascia for the repair of anterior and posterior defects.12

In addition, recent information on the biochemical and ultra-
structural composition of the connective tissue of the pelvic fl oor 
has provided new insight into its role in stabilization of the pelvic 
organs and in the healing processes after surgery.

EVOLUTION OF SURGICAL PROCEDURES

In the last 20 years, the repair of anterior vaginal wall prolapse 
has shifted from a classic anterior repair to a more detailed surgi-

cal procedure (site-specifi c repair) with an attempt to identify the 
precise localization of the tissue defect. For example, Richardson 
and associates proposed the vaginal paravaginal repair using 
native tissues to restore the anatomy.13 These concepts were 
further explored in surgery of the posterior compartment. 
However, despite encouraging results, the anterior segment (i.e., 
the connective tissue supporting the bladder) remained the site 
of least durability.14,15

Moreover, the rate of complications was not insignifi cant 
(11% ureteral occlusion), and the conclusions of Barber and 
Bump were that a correct vaginal reconstruction is best accom-
plished in women with severe stress conditions (severe constipa-
tion, chronic pulmonary disease, occupation and recreational 
straining, severe compromise of pelvic fl oor neuromuscular 
function) with techniques that do not rely solely on the patient’s 
native tissue for support and that this is often achieved with the 
use of synthetic mesh or tissue graft substitution.

CONNECTIVE TISSUE AND ITS ROLE IN 
THE PELVIC FLOOR

Connective tissue is analogous to a fi ber-reinforced composite, 
containing fi brous elements (collagen and elastin) and a visco-
elastic matrix including proteoglycans (large polysaccharides 
attached to proteins). The cells in the connective tissues, which 
form about 20% of the tissue volume, are embedded in the extra-
cellular matrix. The biomechanical properties of a soft tissue 
are determined by the various extracellular matrix components. 
Collagen, which accounts for a large proportion of tissue strength, 
is a protein produced by fi broblasts with a specifi c pattern that 
is remarkable for its consistency. The amino acid glycine allows 
collagen to form a tight helix, one of its important attributes. 
Two other amino acids are present in its structure, namely proline 
and hydroxyproline. These amino acids form cross-links that 
stabilize the collagen chains. The collagen fi bers responsible for 
the tensile strength of the tissue are a family of 16 different types 
distributed in different parts of the body. Of these, type I (the 
most common and strongest) and type III (smaller and randomly 
organized with type I), are found in tissue that requires strength 
and fl exibility.

Elastin and laminin are two other glycoproteins that may play 
a role in elasticity of the ground substance. Elastin provides the 
ability of a tissue to be stretched and is found not only in the 
bladder as a component of compliance but also in the urethra. 
Elastin is degraded by elastase, which is part of a protease-
antiprotease control mechanism found in the plasma. It has 
recently been demonstrated that there is an increase in the per-
centage activity of elastase in women with stress urinary inconti-
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nence (SUI) compared with aged-matched controls.16 Several 
factors, such as age, stress, hormones, and growth factors, are 
involved in the regulation of connective tissue metabolism.17 

Collagen turnover slows down with increasing age, and the 
concentration increases after menopause.18-21 The changes during 
menopause seem to generate a connective tissue with a higher 
collagen concentration but with alterations in cross-linking,22 
and there is also an increase in fi bril diameter in the cardinal and 
uterosacral ligament in patients with POP and SUI. This pro-
duces a tissue with an increased load-bearing ability but decreased 
elasticity.23 Based on biochemical assays, Sayer and colleagues24 
reported modifi cation of cross-linking in women with bladder 
neck prolapse and SUI. A reduction of collagen in the pubocervi-
cal fascia25 and in nonsupportive pelvic tissue has also been 
observed.26 Recent studies indicate that women of fertile age with 
SUI demonstrate changes in the extracellular matrix of the para-
urethral connective tissue resulting in a stiffer and less supportive 
connective tissue and a defect in the connective tissue glue.27-30 
In women with genital prolapse after menopause, there seems to 
be a difference in collagen metabolism suggesting a change in the 
degradation of collagen related to matrix metalloproteinases and 
with a signifi cant reduction in the ratio of type I to type III col-
lagen.31 Therefore, it is not the amount of collagen but the amount 
of fresh elastic collagen that is important for the mechanical 
strength of supporting fascia layers.

HEALING PROCESS AFTER SURGICAL REPAIR

When a wound is created, such as an anterior vaginal wall and 
pubocervical fascia incision, fi brous protein synthesis and remod-
eling reestablish tissue strength. Collagen is a central factor in 
wound healing. The fi rst day after injury, immature fi broblasts 
synthesize and secrete collagen and proteoglycans. A weaker and 
more elastic fl exible type III collagen is the principal type found 
in early wounds. After 2 weeks, the majority of regenerated tissue 
is composed of type III collagen, which accounts for only 7% of 
its fi nal tensile strength. With maturation of the scar, a stronger 
type I gradually replaces the type III collagen. In this way, an 
organized cross-linked pattern regains some tensile strength, but 
the new tissue is never as strong as the original tissue.32 The 
factors that infl uence healing and scar maturation are still incom-
pletely understood, even though we know that the gene for type 
III collagen seems to be activated more than the gene for type I 
collagen.33

Elastin is a protein that the body does not seem to be able to 
synthesize and remodel, as it does collagen. Lack of elastin and 
high amounts of the less strong type III collagen may explain why 
new scars lack strength and elasticity.

WHAT HAPPENS WHEN A MESH IS IMPLANTED IN 
THE BODY

When a graft is introduced into a biologic tissue, there is a strong 
immediate (antibody-mediated) foreign body reaction, followed 
by blood fl ow increase, temperature rise, macrophage migration, 
and attempted phagocytosis of the foreign body. The graft incor-
poration process includes a cascade of events: fi rst, there is a rapid 
activation of polymorphonuclear cells and macrophages; 60 
hours later, there is fi broblast proliferation with a subsequent 
slow phenomenon of fi broplasia and blood vessel proliferation 

(angiogenesis) with in-growth of capillaries. These modifi cations 
lead to synthesis of collagen and then to maturation of these new 
fi bers (cross-linking).

These events happen as a result of the interaction between the 
graft materials (biologic or synthetic) and the tissue interface, 
which is of prime importance; for this reason, we need to reduce 
the intensity and time of the infl ammatory period, in particular 
with regard to reducing potential complications (erosion and 
extrusion) (Fig. 66-1).

Once the prosthetic material has been implanted, there are 
four types of tissue reactions: minimal response with a thin layer 
of fi brosis around the implant; chemical response with a severe 
and chronic infl ammatory reaction around the implant; physical 
response with an infl ammatory reaction to certain materials 
and the presence of giant cells; and necrotic tissue, a layer of 
necrotic debris produced as a result of in situ exothermic 
polymerization.34

WHAT MATERIALS ARE CURRENTLY AVAILABLE FOR 
THE SURGICAL REINFORCEMENT OF PELVIC TISSUE?

The following materials are currently available for the surgical 
reinforcement of pelvic tissue: synthetic material, which acts as a 
substitute for natural tissue; autograft, which is tissue obtained 
from another area of the patient’s body; allograft, which is tissue 
obtained from a human donor; and acellular collagen matrix, 
such as dermal (skin) tissue from pigs.

PROPERTIES OF SYNTHETIC BIOMATERIALS

Biocompatibility is the capability of a material to provoke a 
favorable reaction when introduced into a living system. Conse-
quently, a biomaterial is any material, natural or man-made, or 
any biomedical device that performs, augments, or replaces a 
natural function. One defi nition of biocompatibility is “the 
utopian state where a biomaterial presents an interface with a 
physiologic environment without the material adversely affecting 
that environment or the environment adversely affecting the 
material.” The biomaterials employed can come close to this 
utopian state, but we must accept compromises between the 
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Figure 66-1 In-growth of tissue in mesh implants. PMN, 
polymorphonuclear cells.
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benefi ts and the undesired reactions caused to the living system 
by the material.

Cumberland35 and Scales36 delineated a series of properties of 
an “ideal” synthetic biocompatible materials:

■ Chemically and physically inert
■ Noncarcinogenic
■ Mechanically strong
■ Does not cause allergic or infl ammatory reactions
■ Can be sterilized
■ No physical modifi cation by body tissue
■ Convenient and affordable format for clinical use

At the present time none of the synthetic meshes meet all of these 
criteria.

Although from the chemical point of view all of the synthetic 
meshes are completely biocompatible, some physical and struc-
tural properties of the prosthesis are associated with certain 
complications. Prevention of biomaterial-related complications 
requires a profound knowledge of the physical properties of pros-
theses, of which the porosity (pore size) of the materials are of 
paramount importance.

Based on their pore size, the most common synthetic meshes 
can be classifi ed into four types:

Type I: totally macroporous materials such as Atrium, Marlex, 
Prolene, and Trelex. These meshes contain pores larger 
than 75 μm (microns), which is the required size for admis-
sion of macrophages, fi broblasts (fi broplasia), blood vessels 
(angiogenesis), and collagen fi bers into the pores (Figs. 66-2 
and 66-3).37,38

Type II: totally microporous materials such as expanded 
polytetrafl uoroethylene (PTFE; Gore-Tex), Surgical Mem-
brane, and Dual-mesh. These meshes contain pores smaller 
than 10 μm in at least one of their three dimensions 
(Fig. 66-4).

Type III: macroporous materials with multifi lamentous or 
microporous components, such as PTFE mesh (Tefl on), 
braided Dacron mesh (Mersilene), braided polypropylene 
mesh (Surgipro), and perforated PTFE patch (MycroMesh) 
(Figs. 66-5 and 66-6).

Figure 66-2 Type I synthetic mesh: monofi lament polypropylene. Figure 66-3 Type I synthetic mesh: Marlex.

Figure 66-4 Type II synthetic mesh: Gore-Tex (expanded PTFE).

Figure 66-5 Type III synthetic mesh: polytetrafl uroethylene (PTFE).
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Type IV: biomaterials with submicronic pore size, such as 
Silastic, Cellgard (polypropylene sheeting), Preclude Peri-
cardial membrane, and Preclude Dura-substitute.

Another important property is the composition of fi bers (Table 
66-1). Polypropylene meshes are monofi laments, whereas the 
other commonly used meshes are multifi laments. One theoretical 
disadvantage of multifi lament meshes is that the interstices are 
smaller than 10 μm; this allows small bacteria to infi ltrate and 
proliferate, but macrophages and neutrophilic granulocytes that 
could eliminate the bacteria are too large to enter a 10-μm tridi-
mensional pore.39-41 In addition, because of their wide pores, type 
I materials (but not types II and III) allow rapid in-growth of 
vascularized fi brous tissue, as was demonstrated by Chvapil and 
colleagues42; this leads to fi broplasia and angiogenesis, which not 
only prevent infection but also form fi brous connections to the 
surrounding tissue. Therefore, pore size is a key factor in deter-
mining infl ammatory response and the growth of fi brocollage-
nous tissue.

Flexibility or stiffness is another important property that 
appears to be related to pore size. Marlex has higher fl exural 
rigidity (stiffness) than Mersilene or Tefl on. Marlex is also shown 
to wrinkle more than Mersilene. Prolene is composed of knitted 
fi laments of polypropylene, as is Marlex; however, it has a pore 
size twice as large as that of Marlex (1500 versus 600 μm) and 
therefore is more fl exible.43 Because of this property, Prolene 
seems to have a lower erosion rate through the vagina and adja-

cent viscera, but up to now there are insuffi cient data to prove it. 
Atrium mesh, because of its intermediate pore size (800 μm), is 
more pliable and thinner than Marlex or Prolene. Table 66-2 
reports data about mean stiffness and mean peak load of the main 
synthetic materials.

COMPLICATIONS OF SYNTHETIC MATERIALS

Biomaterial-related complications frequently encountered are 
infection and sinus tract formation, seroma, intestinal adhesion, 
erosion and fi stula formation, and shrinkage.

Infection and sinus tract formation is caused by infi ltration 
and proliferation of bacteria; it is frequently due to the use of 
multifi lamentous suture materials for fi xation of the mesh, 
although it may be mistaken as being caused by the mesh 
itself.44-46 The reported infection rate ranges from 9.6% to 50% 
in type II/III prostheses,47,48 whereas in type I it has never been 
reported. More important, with type I mesh, infection may be 
managed simply by drainage of the infected area, followed by 
local wound care.49-51 On the contrary, total removal of type II 
and at least partial removal of type III is required to manage 
infection.

Prosthetic-related seroma formation is caused by the host 
infl ammatory reaction to the prosthesis and by the dead space 
created between the artifi cial mesh and host tissue. Types I and 
III allow a rapid penetration of host proteinaceous materials into 
their pores,52 with rapid fi brinous fi xation. Therefore, the chance 
of seroma formation is minimized.53 Type II, because of its inad-
equate pore size, has a higher rate of seroma formation ranging, 
from 9.6% to 14.6%.

At the present time, all available artifi cial meshes, absorbable 
or nonabsorbable, adhere to the intestine.54-56 Covering the mesh 
on its intestinal side with a layer of absorbable material such as 
Vycril or expanded-PTFE patch partially solves this problem. 
Composites that combine type I and type IV mesh can prevent 
these complications.

A dangerous side-effect is erosion or migration of the artifi cial 
mesh when it is in direct contact with organs that do not have a 
serosal covering, such as rectum, bladder, and the intestinal 
tract.

Contraction of the mesh fi bers during the scarring process 
leads to shrinkage of the mesh by approximately 20% compared 
to the original shape.

Table 66-3 shows the main complications related to each type 
of mesh.

Surgipro
side–B

Figure 66-6 Type III synthetic mesh: multifi lament mesh.

Table 66-1 Composition and Types of Fibers

Chemical Component Trade Name (Manufacturer) Type

Polypropylene Marlex (CR Bard, Branston, RI)
Prolene (Ethicon, Sommerville, NJ)
Atrium (Atrium Medical, Hudson, NH)

Monofi lament
Monofi lament
Monofi lament

Polytetrafl uoroethylene (PTFE) Tefl on (CR Bard, Haverhill, MA) Multifi lament
Expanded PTFE Gore-Tex (WL Gore, Flagstaff, AZ) Multifi lament
Polyethylene tetraphthalate Mersilene (Ethicon, Somerville, NJ) Multifi lament
Polyglycolic acid Dexon (absorbable) (Davis and Geck, American Cyanamid, Danbury, CT) Multifi lament
Polyglactin 910 Vicryl (absorbable) (Ethicon, Somerville, NJ) Multifi lament

Adapted in part from Chu and Welch, John Wiley & Sons, p 907. Reprinted by permission of John Wiley & Sons, Inc.
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TECHNIQUES

The Pioneers

A recent metanalysis of the European Union Hernia Trialists 
Collaboration compared mesh versus nonmesh methods of open 
groin hernia repair in 4005 patients. They concluded that mesh 
repair was associated with fewer recurrences (1.4% versus 4.4%; 
P < .001). This concept, using synthetic mesh applied “tension-
free,” and the long-term successful outcome incited researchers 
to transfer an analogous rationale to pelvic surgery.

Therefore, surgeons, in the early fi fties, introduced synthetic 
materials to correct the anatomic position of the visceral organs 
in the pelvic cavity. In 1955, tantalum mesh was used to reinforce 
tissues in patients with POP.57 In 1970, collagen mesh was pro-
posed for the treatment of pelvic descensus.58 The “fashion” for 
using polypropylene to repair prolapse started in 1992, with the 
fi rst published data on Marlex appearing in 1996.59

Evolving Concepts

The goal of prosthetic surgery, compared with site-specifi c autol-
ogous tissue repair, is to replace the damaged visceral fascia, 
restoring cohesion between visceral and parietal fascia and 
rebuilding the hammock connected to the arcus tendineous 
fascia pelvis (ATFP), thus respecting the bladder neck and stabi-
lizing the bladder hammock. Initial experience used an overlaid 
synthetic mesh reinforcing a traditional anterior colporraphy.60 
Meanwhile, the new concept of transvaginal suspension of pelvic 
fl oor repair was introduced by the four-corner suspension.7 The 

evolution of this technique included a prosthetic reinforcement 
of the central segment, using a mesh applied with a double-
needle suspension.61

The new “tension-free” concept acquired by general surgeons 
in treating abdominal hernia and the revolution in the treatment 
of female SUI brought about by the tension-free vaginal tape 
(TVT) were translated into POP repair. A new proposal was 
developed that used a Prolene mesh applied below the bladder 
inserted “tension-free” without any fi xation.62 Since then, other 
authors have proposed various transvaginal “tension-free” mesh 
repairs.63-65

In 2001, a new approach, using the transobturator route, was 
proposed to treat SUI patients in the same tension-free manner 
as TVT.66 The excellent preliminary results incited the develop-
ment of a wider concept of transperineal pelvic fl oor repair.67-69 
Therefore, studies employing larger meshes covering all the pelvic 
defects, using Prolene material (soft or traditional) applied 
“tension-free,” extended to stronger pelvic structures: transobtu-
rator foramina and sacrospinous ligaments.

The Italian Experience

In 1998, Cervigni and coworkers developed a tension-free cysto-
cele repair (TCR) technique applying a traditional Prolene mesh 
below the bladder with two wings inserted paraurethrally without 
any fi xation.62 The rationale of this technique was to use a wider 
mesh to cover all the bladder, avoiding any specifi c site defect 
evaluation, to reinforce pubocervical and endopelvic fascia. 
Because the mesh is applied tension-free, there is a reduction of 
anatomic distortion, which reduces future sequelae in the other 
vaginal segments (Fig. 66-7).

Nicita published a Prolene technique mesh repair that was 
anchored with stitches to the arcus tendineous levator ani and 
sacrospinous ligaments with a central hole to allow a pelvic 
reconstruction with the uterus in situ.70 Migliari and Usai, using 
the Raz concepts, developed a four-corner suspension using a 
Prolene mesh to reinforce a central defect.61

Table 66-2 Peak Load and Stiffness of Common 
Synthetic Materials

Material
Mean Stiffness 

(N/mm)
Mean Peak 
Load (N)

TVT 0.23  68.1
SPARC 0.53  52.1
Prolene 0.53  56.4
Mersilene 1.17  50.3
IVS tape 1.58  46.2
Gore-Tex MycroMesh 2.61  71.3
Nylon 6.83 422.0

Adapted from Dietz HP, Vancaillie P, Svehla M, et al: Mechanical pro-
perties of urogynecologic implant materials. Int Urogynecol J 14:241, 
2003.

Table 66-3 Main Complications by Type of Mesh

Complication Type I Type II Type III

Infection + +++ ++
Seroma + ++ +
Adhesion +++ + ++
Erosion +++ + ++

Adapted from Debodinance P, Delporte P, Engrand JB, Boulogne M: 
[Development of better tolerated prosthetic materials: Applications in 
gynecological surgery.] [In French.] J Gynecol Obstet Biol Reprod 31:527-
540, 2002.

Figure 66-7 Tension-free cystocele repair.
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The Australian Experience

In 1990, Petros and Ulmsten published the Integral Theory to 
explain the mechanism of incontinence and other pelvic dysfunc-
tion.71 They postulated that all pelvic fl oor defects start from 
fascial, ligamentous, and muscular defi ciency. There are forward 
forces (pubococcygeus and puborectalis muscles) and backward/
downward forces (levator plate and ileococcygeus muscles) that 
could be impaired. A new surgical proposal based on this concept, 
developed by Farnsworth, uses a Prolene mesh with the aim to 
restore the normal anatomy by a complete prosthetic fascial sub-
stitution.72 The mesh is sutured tension-free in the normal ana-
tomic insertion of the native fasciae, restoring the three levels of 
vaginal support described by DeLancey.73

The French Experience

In 2000, a group of nine surgeons developed a transvaginal POP 
repair using Prolene soft, a wide mesh with four arms introduced 
into the transobturator canal for the anterior compartment and 
two arms transfi xing the sacrospinous ligaments for the posterior 
compartment, which they inserted tension-free with the straps 
transferred using a long curved needle without any fi xation. To 
reduce the risk of shrinkage, they put the four arms at the more 
distal part of the ATFP, and to avoid the risk of erosion, they used 
midline colpectomy instead of a “T” incision and the vaginal wall 
is not trimmed.74 A different approach, called the “triple perineal 
operation,” used posterior IVS for the suspension of the vaginal 
vault; an interposition of mesh in the vesicovaginal space for the 
correction of cystocele, fi xed posteriorly to the cervix; and a third 
mesh in the rectovaginal space to treat rectocele, fi xed to the 
posterior IVS and distally to the fi brous central nucleus of the 
perineum.75

THE NEW TRANSOBTURATOR CYSTOCELE REPAIR

Transobturator cystocele repair can be accomplished in several 
ways. With the transvaginal mesh repair (TVM), Prolene soft 
(Gynemesh) is delivered with the use of a single, reusable, long 
curved needle and anchored with low tension (friction) in a 
Velcro effect. The mesh is placed tension-free in the vesicovaginal 
space, the space of Retzius, and the paravesical space. The two 
superfi cial and two deeper arms are positioned apically and dis-
tally at the ATFP (Fig. 66-8).

With the Perigee transobturator repair system, polypropylene 
is delivered with the use of four Deschamps nonreusable needles 
connected with a special connector. A low-tension (friction) 
anchoring system is used (Velcro effect). The mesh is applied 
tension-free in the vesicovaginal space, the space of Retzius, and 
the paravesical space. The two superfi cial and two deeper arms 
are positioned apically and distally at the ATFP (Fig. 66-9).

The Avaulta system uses polypropylene covered by collagen 
in the central part. This is positioned like the Perigee and TVM 
systems, with he use of a single, reusable curved needle (Fig. 
66-10).

TRANSVAGINAL MESH CYSTOCELE REPAIR

In 1996, Julian fi rst published a study assessing the effi cacy and 
complications of Marlex mesh in repairing severe recurrent ante-

rior vaginal wall prolapse.59 Twenty-four patients entered the 
study and were divided into control and treatment groups. 
Transvaginal repair was similar between groups except for rein-
forcement of the anterior vaginal wall with synthetic mesh. 
After 2 years, four patients in the control group and none in the 
treatment group had recurrent anterior vaginal wall prolapse 
(P < .05). A similar technique was carried out by Flood and 
colleague in a more consistent group of patients.60 They obtained 
the same cure rate of prolapse with a longer follow-up; there was 
also a concomitant treatment of SUI in 74% of their patients. 
Mage76 had the same results using a polyester mesh sutured to 
the vaginal angles. Migliari and Usai applied the same principle, 
using mixed fi ber mesh to correct grade 4 cystocele; the mesh 
was positioned during a modifi ed four-corner procedure.61 With 
this technique, there was no recurrence of cystocele except in 1 
patient, and 13 of 15 patients were continent.

Nicita proposed a new method to support female prolapsed 
pelvic organs, using a hammock-shaped Prolene mesh anchored 
transversally between the two arcus tendineous portions of the 
endopelvic fascia and between the bladder and uterine neck.70 He 
treated 44 patients presenting with various degrees of inconti-
nence and combinations of cystocele and pelvic prolapse. All 
patients affected by incontinence or vaginal prolapse were satis-
fi ed; uterine prolapse partially recurred in three patients.

Another original technique, the TCR, was proposed by 
Cervigni and associates in 1998. This approach uses a Prolene 
mesh in a double wing shape applied without sutures between 
the pubocervical fascia and vagina. The procedure was carried 
out in 138 women; after a mean follow-up of 18 months, there 
was a complete anatomic recovery in 135 patients (97.8%).77 In 
a further experience with a longer follow-up, the success rate 
(cystocele grade <2, Baden-Walker classifi cation) was 15.9%, and 
only six cases of recurrent cystocele (2.1%) were symptomatic. 
Erosion appeared in 7.3%. Quality of life was improved.78 The 
results are reported in Table 66-4.

Table 66-5 shows the preliminary results of the use of tran-
sobturator mesh in the treatment of anterior vaginal vault 
prolapse.

EVIDENCE-BASED MEDICINE

In the Third International Consultation on Incontinence, held in 
June 2004, the 17th Committee on Prolapse Repair summarized 
the evidence regarding the use of mesh in prolapse repair as 
follows:

Level II: Transvaginal placement of permanent mesh may 
reduce anterior wall recurrence but has an unacceptably 
high rate of complications that include erosion, infection, 
sepsis, dyspareunia, and other functional symptoms.

Level III: Transvaginal placement of biologic graft may reduce 
anterior prolapse recurrence rates, although the evidence is 
confl icting.

Research recommendations were as follows:

Grade B: Transvaginal permanent grafts for prolapse repair 
have a poor risk-benefi t ratio; therefore, use of these 
materials should occur only in approved clinical trials.

Grade D: There is no evidence to support the routine use of 
biologic or permanent synthetic grafts for transvaginal POP 
repair.
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Two research priorities were identifi ed. First, techniques to 
reduce recurrence rates, especially in the anterior wall, are 
urgently needed. Second, clinical trials are needed to establish the 
need for ancillary transvaginal material in POP repairs.79

CONCLUSIONS

The pelvic surgeon, in the past and in some instances up till now, 
has preferred choosing a weakened and damaged autologous 
tissue to treat pelvic fl oor defects, fearing the related complica-
tions of the use of synthetics, including foreign body reaction, 
infection, rejection, and erosion. In the last few years there has 
been an explosion in the use of prosthetic materials in the surgical 
approach to POP repair, stimulated either by apparent simplicity 
and feasibility of the new kits or by surgeon demand in order 
to approach complex POP cases in a more straightforward 
manner.

The fi rst series of transvaginal mesh cystocele repair was 
promising, with low rates of recurrence and mesh erosion, even 
though complications occurred later. Although, up to now, no 
case of bladder erosion has been reported after transvaginal cys-
tocele repair with mesh, the complications and related dysfunc-
tional problems are not completely solved. The request of 
symptomatic POP patients is mainly to obtain a solution of their 
symptoms, because they have a strong impact on the patient’s 
quality of life. In this sense, the more cautious recommendations 
proposed by Third International Consultation on Incontinence 
aim to reduce as much as possible any avoidable complications 
while maintaining reliable and long-term results.

The ideal synthetic materials for pelvic surgery have yet to be 
identifi ed, but new knowledge of molecular biology will contrib-
ute to the defi nition of new materials, improving the manage-
ment of POP and related dysfunction. Tissue engineering, at the 
moment one of the more promising of new medical fi elds, should 
in the near future respond to patient demands to resolve the 
problem without any bothersome complications.

A

C

B

Figure 66-8 A through C, Tension-free vaginal mesh repair (TVM).
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Table 66-4 Tension-free Cystocele Repair Results

Study (Ref. No.) Year Mesh N Follow-up Cure (%) Sequelae

Julian (59) 1996 Marlex  24 2 yr 100 3 mesh-related complications
Nicita (70) 1998 Prolene  44 13.9 mo 100 3 recurrent uterine prolapse
Flood et al (60) 1998 Marlex 142 3.2 yr 100 3 mesh erosions
Mage (76) 1999 Polyester  46 26 mo 100 1 mesh erosion
Migliari & Usai (61) 1999 Mixed fi ber  15 23 mo  93 None
Cervigni et al (78) 2000 Polypropylene 138 18.7 mo  97 13 mesh erosion

9 dyspareunia
1 hematoma

Kobashi et al (80) 2000 Cadaveric  42 1-6 mo 100 None
Weber et al (81) 2001 Polyglactin 910

No mesh
 35
 74

4.5-44 mo  42
 36

None

Sand et al (82) 2001 Polyglactin 910
No mesh

 81
 80

12  75
 57

None

Clemons et al (83) 2003 Alloderm  33 18 mo  56 None
Dwyer & O’Reilly (84) 2004 Atrium  64 6-52  94 3 mesh erosions
Gomelski et al (85) 2004 Alloderm  70 24  87 None
Milani et al (86) 2005 Prolene  63 17  94 4 erosions
Gandhi et al (87) 2005 Cadaveric

Anterior colporrhaphy
 76
 78

 79
 71

None

De Tayrac et al (88) 2005 Polypropylene  63 24-60 mo  89.1 Shrinkage (5.5%)
Erosions (9.1%)
Dyspareunia (16.7%)

Figure 66-9 A through C, The Perigee transobturator repair system.

Ch066-X2339.indd   669 1/31/2008   2:50:46 PM



670 Section 7 FEMALE ORGAN PROLAPSE

Figure 66-10 The Avaulta system for transobturator repair of 
cystocele.

Table 66-5 Preliminary Results of the Use of Transobturator Mesh in the Treatment of Anterior Vaginal 
Vault Prolapse

Study (Ref. No.) Year Mesh N Follow-up Cure (%) Sequelae

De Tayrac et al (89) 2002 Gynemesh 48 18 mo 97.9 8.3% erosion
Von Thebald & Labbè (90) 2003 Prolene mesh

Posterior IVS
92 3 erosion

1 hematoma
Yan et al (91) 2004 Synthetic 30 6.7 mo 97 7% erosion

14% dyspareunia
Bader et al (64) 2004 Gynemesh 40 16.4 mo 95 2 erosions
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Chapter 67

SACROSPINOUS LIGAMENT SUSPENSION FOR 
VAGINAL VAULT PROLAPSE
Sylvia M. Botros, Roger P. Goldberg, and Peter K. Sand

Several techniques are used for suspension of the vaginal vault, 
including the sacrospinous vaginal vault suspension, abdominal 
sacrocolpopexy, bilateral uterosacral vaginal vault suspension, 
McCall culdoplasty, iliococcygeus vault suspension, levator 
myorrhaphy, and many tension-free mesh techniques. The 
optimal surgical approach for advanced prolapse of the vaginal 
apex remains a subject of debate and is not well studied. Some 
surgeons prefer the abdominal route for younger women with 
advanced prolapse; however, these women are at increased risk 
for morbidity from the surgery, subsequent volvulus from 
abdominal adhesions, and foreign body reactions due to graft 
materials. Other surgeons prefer the vaginal route to decrease 
postoperative pain and morbidity and for women who are at 
increased operative risk.

What constitutes success or failure is not delineated in the 
literature, partly because indications for prolapse surgery are not 
uniform and the degree and site of prolapse are not always clearly 
defi ned. The Pelvic Organ Support Study (POSST) was a multi-
center, observational study of 1004 women between the ages of 
18 and 83 years that evaluated the prevalence of pelvic organ 
prolapse in a general gynecologic offi ce setting. The investigators 
found that 24% of the women had stage 0 prolapse, 38% had 
stage I, 35% had stage II, and 2% had stage III.1 The prevalent 
fi ndings of stage II prolapse suggest that a stage II recurrence 
may not necessarily represent an anatomic failure after recon-
structive pelvic surgery. These data support the need for the 
evaluation of anatomic and functional outcomes. According 
to some surgeons, the correction of all anatomic defects and res-
toration of normal anatomy should be the overarching goal. 
Others regard a compensatory postoperative anatomy as accept-
able and perhaps even preferable in certain cases to achieve long-
term functional outcomes with minimal risk of recurrent or de 
novo prolapse.

Sacrospinous vaginal vault suspension has the advantage of a 
transvaginal approach performed within the retroperitoneal 
space, with relatively limited dissection beyond that needed 
for transvaginal enterocele, rectocele, and cystocele repair. 
Advocates of the vaginal route argue that sacrospinous vaginal 
vault suspensions are fast, safe, less costly, require a shorter 
recovery period, lack an abdominal incision, and avoid the 
use of a graft. Ideally, to achieve optimal outcomes for each 
patient, the reconstructive surgeon should maintain a high level 
of skill with several techniques and tailor surgery to the individ-
ual patient.

HISTORY

The vaginal vault suspension was fi rst described in 1892 by 
Zweifel,2 who tried to suspend the vaginal vault to the sacrotuber-
ous ligament. Richter and Albrich3 later described successful 
application of this procedure. Nichols introduced the operation 
to the United States in 1971.4

Several modifi cations of the sacrospinous vaginal vault sus-
pension have been described. The original technique described 
by Nichols involves suspension of the vaginal vault to the sacro-
spinous ligament through the posterior compartment. A modi-
fi cation of this technique was introduced by Winkler and 
colleagues5 in 2000, suspending the vault to the sacrospinous 
ligament through the anterior compartment. This technique was 
developed to address the limitations of the posterior sacrospi-
nous vault suspension by reducing postoperative proximal 
vaginal narrowing and lateral deviation of the upper vagina.6 In 
2003, Kearney and DeLancey7 described the Michigan four-wall 
sacrospinous suspension, which suspends four points of the open 
vaginal apex to the sacrospinous ligament. The excess vagina is 
removed to avoid laxity in the anterior and posterior wall.7 In 
1993, Kovac and Cruikshank8 described successful outcomes, 
even after childbirth, with sacrospinous hysteropexy, in which 
the uterus was suspended bilaterally to the sacrospinous 
ligaments.

UNILATERAL AND BILATERAL SACROSPINOUS 
LIGAMENT SUSPENSIONS

The anterior and posterior sacrospinous suspensions can be per-
formed unilaterally or bilaterally; the right-sided unilateral sus-
pension is most commonly performed. Performing the procedure 
on the patient’s right side provides an anatomic advantage result-
ing from the absence of the sigmoid colon on the right. A 
mechanical advantage exists for right-hand–dominant surgeons 
as well.

Bilateral suspension has been emphasized in earlier reports.3,9 
Pohl and Frattarelli10 reported no recurrent apical prolapse 
among 40 women treated with bilateral sacrospinous ligament 
suspension after 6 to 40 months of follow-up. Cespedes11 reported 
good success after bilateral sacrospinous fi xation by the anterior 
vaginal approach; at 17 months, no recurrent vault prolapse was 
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seen in 27 of 28 women with grade 3 or 4 prolapse. However, 
there is little evidence to suggest that bilateral suspension 
improves outcomes compared with the unilateral approach.12 
Moreover, compared with the unilateral sacrospinous ligament 
suspension, the bilateral procedure entails more extensive dissec-
tion and requires generous width at the vaginal apex to avoid 
causing tension between fi xation points. Because of these addi-
tional challenges and its lack of clear advantage, the bilateral 
technique is used far less often than unilateral fi xation in post-
hysterectomy vault prolapse.

INDICATIONS

The most common indication for sacrospinous ligament vaginal 
vault suspension is resuspending a symptomatic prolapsed post-
hysterectomy vaginal apex. The incidence of post-hysterectomy 
vault prolapse requiring surgery has been estimated at 3.6 per 
1000 years.13 The risk increases from 1% to 5% 15 years after 
hysterectomy. The risk also increases for women who had pro-
lapse as the primary indication for their initial surgery.14,15 For 
women with pelvic ligaments and connective tissue supports that 
are severely attenuated or absent, the sacrospinous ligament pro-
vides a consistent and strong site for apical fi xation. Sacrospinous 
ligament fi xation may be performed at the time of hysterectomy 
in cases of severe apical prolapse if the uterosacral ligaments are 
attenuated. The use of the sacrospinous ligament fi xation pro-
phylactically at the time of hysterectomy, however, is not widely 
accepted. Surgeons argue that there is an increase in time and 
morbidity associated with the procedure, which may not be war-
ranted by the outcomes compared with resuspension using the 
uterosacral ligaments. Cruikshank and Cox16 performed sacro-
spinous suspensions at the time of hysterectomy on 48 of 135 
women without apparent excess in morbidity. In contrast, 
Colombo and Milani17 retrospectively compared 62 women who 
underwent sacrospinous vaginal vault suspensions with 62 
women who underwent McCall culdoplasty during vaginal hys-
terectomy and pelvic reconstruction operations and found sig-
nifi cant increases in operative time and blood loss in the 
sacrospinous group. The rate of recurrent vault prolapse was 
similar for the two groups.17

Another indication for sacrospinous suspension occurs when 
women desire to preserve fertility or preserve the uterus. It may 
also be used to decrease operative time and morbidity in elderly 
patients who have no evidence of endometrial hyperplasia or 
cancer. There is an increasing body of evidence that uterine hys-
teropexy may be just as effective as vaginal hysterectomy for 
recurrent prolapse. Sacrospinous ligament uterine suspension 
has been successfully used for women with symptomatic utero-
vaginal prolapse.8,18,19

Kovac and Cruikshank8 evaluated 19 women (average age, 
27 years) who underwent uterine-sparing sacrospinous ligament 
suspension and reported that 4 of 5 women subsequently had 
successful pregnancies and vaginal deliveries without recurrent 
apical prolapse. Hefni and colleagues18 evaluated 109 women (61 
with uterine suspension and 48 with vaginal hysterectomy and 
concomitant sacrospinous suspension). The mean age of these 
cohorts was 60 years, and after a mean follow-up period of 34 
months, success rates were comparable with regard to vault 
prolapse and cystocele recurrences. They found signifi cantly 
less blood loss, shorter operative time, and fewer complications 
with uterine preservation.18 Maher and coworkers19 retrospec-

tively compared 34 women with sacrospinous ligament hystero-
pexy with 36 women with hysterectomy and sacrospinous 
vaginal vault suspension for symptomatic uterine prolapse. 
The mean follow-up was 36 months for the hysterectomy 
group and 26 months for the hysteropexy group. Subjective and 
objective success rates were similar, and they found a signifi cant 
reduction in operative time and blood loss with uterine 
preservation.19

The sacrospinous hysteropexy entails fi xation of the distal 
uterosacral ligaments and paracervical tissue to the sacrospinous 
ligament. Bilateral rather than unilateral suspension was per-
formed in 15 of the 19 subjects in Cruikshank’s series to avoid 
lateral deviation of the uterus and any adverse effect it might have 
on reproductive capacity.8 Alternatively, Hefni and associates18 
performed all of their hysteropexies unilaterally.

ANATOMY

The sacrospinous ligament is an excellent support structure 
for the apex of the vagina. In 1992, DeLancey20 described the 
anatomic aspects of vaginal eversion after hysterectomy and 
found that the structures supporting the vagina could be 
divided into three levels, primarily vertical in orientation. The 
fi rst level of support, which is suspensory in nature, occurs in the 
upper vagina adjacent to the cervix and is suspended above by 
long connective tissue fi bers.20 These suspension points should 
lift the apex of the vagina to the level of or above the ischial 
spine. These apical or level I vaginal supports are increasingly 
recognized as a critical component in overall pelvic fl oor 
support.21 Loss of level I support can occur after abdominal or 
vaginal hysterectomy in as many as 2% to 45% of patients due 
to failure to resuspend the vaginal cuff to the uterosacral liga-
ments. Resulting vaginal vault prolapse can occur with or without 
an enterocele.21,22 The sacrospinous ligament provides a good 
option for level I support.

A good understanding of the anatomy of the sacrospinous 
ligament helps to minimize complications at the time of surgery. 
Few structures are at risk for injury in a correctly performed 
procedure. The sacrospinous ligament attaches laterally to the 
ischial spine and medially to the lateral margins of the sacrum 
and coccyx.23 The pudendal nerve leaves the pelvis through the 
greater sciatic foramen, medial to the sciatic nerve and internal 
pudendal vessel, between the piriformis and coccygeus muscles 
and passes under the sacrospinous ligament close to its attach-
ment to the ischial spine.24 Verdeja found that the pudendal 
neurovascular bundle ranges from 0.90 to 1.30 cm medial to the 
ischial spine; the sciatic nerve is located 3.10 to 3.30 cm medial 
to the spine.25 Based on these anatomic relationships, neurovas-
cular injury seems most likely along the lateral third of the sacro-
spinous ligament when suturing. Another series of cadaver 
dissections, performed by Barksdale and colleagues,26 showed the 
pudendal neurovascular bundle to be relatively shielded from 
injury by the ischial spine and sacrospinous ligament. The infe-
rior gluteal artery—with a more perpendicular course relative to 
the ligament—was the vascular structure whose location appeared 
most vulnerable to injury. These researchers referred to three 
elements of the operation that may carry particular risk: suture 
placement along the posterior ligament, retractor placement 
beyond the ligament, and overly aggressive denuding of the liga-
ment surface.26
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PREOPERATIVE AND PERIOPERATIVE 
CONSIDERATIONS

The decision about which suspension procedure to perform must 
be individualized for every patient. The patient’s age, medical 
history, sexual activity, specifi c anatomic features, prior and con-
comitant pelvic surgical procedures, and personal wishes for 
future fertility or preservation of the uterus should be taken into 
consideration when planning the procedure. For a patient with 
signifi cant medical comorbidities, a vaginal surgical approach 
may benefi t the patient over a procedure that would require an 
abdominal incision or a prolonged laparoscopic operation. For 
women with prior intra-abdominal surgery, pelvic adhesions, or 
other contraindications to abdominal surgery, the fully retroperi-
toneal nature of a sacrospinous vaginal vault suspension may 
confer advantages with respect to surgical risk, operative time, 
and speed of recovery. After a vaginal approach is decided on, 
the type of vaginal suspension should be chosen from the avail-
able options. The sacrospinous vaginal vault suspension has been 
studied extensively and is a reliable and safe procedure for the 
repair of post-hysterectomy vault prolapse.

If the patient is not sexually active, is elderly, has already failed 
a pelvic reconstructive procedure, or has multiple medical 
comorbidities and is a poor surgical candidate, an obliterative 
procedure such as the LeFort colpocleisis may be suitable. Alter-
natively, a sacrospinous vaginal vault suspension may be done 
under local anesthesia.

Richardson27 has described site-specifi c defects in the endo-
pelvic fascia in the anterior, posterior, and apical vaginal wall as 
the anatomic basis for cystocele, rectocele, and enterocele, respec-
tively. He believed that the surgeon should be able to recognize 
and repair all existing pelvic fl oor support defects at the time of 
surgery. He described the post-hysterectomy enterocele as a 
defect in the endopelvic fascia at the vaginal apex due to failure 
to reconstitute pubocervical and rectovaginal fascia in this region. 
This allows small bowel and peritoneum to herniate into the 
rectovaginal septum and come in direct contact with vaginal 
epithelium without intervening muscle or fascia.21,27 An unrecog-
nized enterocele is often to blame for the rare case of recurrent 
apical prolapse after sacrospinous vaginal vault suspension. 
Cruikshank and Muniz28 suggested the importance of the site-
specifi c repair in a longitudinal study of 695 patients who under-
went sacrospinous vaginal vault suspensions over a 16-year 
period. Their cohort was divided into three groups. The fi rst 
group, treated between 1985 and 1990, had only sacrospinous 
suspensions with or without a hysterectomy (n = 173); the second 
group, treated between 1991 and 1994, had anterior and poste-
rior colporrhaphies and high cul-de-sac closures performed con-
comitantly with the sacrospinous suspensions (n = 221); and the 
third group, treated between 1995 and 2000, had a more inclu-
sive, site-specifi c approach with the suspensions (n = 301). 
Recurrence rates dropped signifi cantly between the fi rst and third 
groups, with the third group having the highest success rates.28 
Appropriate patient selection and fl exibility in the operating 
room can maximize the odds of success.

Preoperative evaluation should include assessment of bony 
and soft tissue pelvic anatomy. Markedly foreshortened bony 
pelvic dimensions, such as a true platypoid pelvis, may limit the 
surgeon’s ability to preserve adequate vaginal length and weigh 
against the choice of sacrospinous suspension for sexually active 
patients. When considering soft tissue, the length of the vaginal 
vault should be suffi cient to avoid tension after sacrospinous 

fi xation, which may predispose to suture pullout, anatomic dis-
tortion, and possibly unmasking potential urinary incontinence 
due to posterior displacement of the urethra from the pubic 
bone.29 In the absence of adequate length, operative revision of 
the cuff or suspension to a more anterior or distal structure, such 
as iliococcygeus fascia, may be performed.30 Consideration of 
concomitant sacrospinous vaginal suspension on the right, with 
an iliococcygeal suspension on the left at a slightly more distal 
point, may lead to improved apical support and diameter.

Preoperative planning should include assessment of estrogen 
status for postmenopausal women and consideration of local 
estrogen therapy before surgery if the vaginal cuff epithelium 
appears thin or poorly vascularized. Estrogen improves vaginal 
vascularization, epithelial thickness, and collagen in the connec-
tive tissue.31 A well-estrogenized vaginal epithelium can facilitate 
healing at the site of suture fi xation and reduce the likelihood of 
subsequent surgical failure resulting from suture pullout from 
the vaginal side.

Prophylactic antibiotics should be given 30 minutes before 
the fi rst incision. In the operating room, the patient should be 
placed in the dorsal lithotomy position. Appropriate positioning 
is essential to avoid neurologic injury that can result from 
improper positioning. An examination under anesthesia should 
be performed to assess the pelvis, the true extent of vault 
prolapse, the length of the vagina, and the site of apical suture 
placement.

TECHNIQUE

Exposing the Ligament

Access to the sacrospinous ligament and coccygeus muscle can 
be achieved by several means. The most common approach, as 
described by Nichols,4 involves a posterior vaginal incision and 
posterior colporrhaphy dissection, facilitating perforation of the 
rectal pillar near the ischial spine. With blunt dissection of the 
pararectal space medial to the ligament, the coccygeus muscle 
and sacrospinous ligament are exposed. The anterior sacrospi-
nous suspension technique (Fig. 67-1)5,6 involves perforation 
into the retropubic space through an anterior vaginal wall inci-
sion, as would be performed for an anterior colporrhaphy, and 
dissection of the ipsilateral paravesical and paravaginal area from 
the level of the bladder neck to the ischial spine along the arcus 
tendineus fasciae pelvis (Fig. 67-2). The dissection is performed 
in a manner similar to that for a vaginal paravaginal repair. This 
dissection opens a large space for the vaginal apex and avoids the 
narrowing often found in posterior approaches with perforation 
through the rectal pillars. For cases involving mainly anterior 
compartment defects with no rectocele, the anterior approach 
facilitates suspension of the vaginal apex without a posterior 
vaginal incision.

The Michigan four-wall technique approaches the sacrospi-
nous ligament by resecting a diamond-shaped patch of excess 
epithelium at the most advanced portion of the prolapsed vaginal 
cuff—a region of the vaginal skin that overlies an enterocele in 
most cases. After the repair of the enterocele, the ligament is 
exposed with posterolateral dissection within the retroperitoneal 
plane.7 Because this apical approach exposes the anterior vaginal 
epithelium with underlying pubocervical fascia and the posterior 
vaginal epithelium with rectovaginal fascia, sutures can be 
anchored through both of these cuff edges. Breisky-Navratil 

Ch067-X2339.indd   675 1/31/2008   2:51:08 PM



676 Section 7 FEMALE ORGAN PROLAPSE

retractors are well suited for exposing the coccygeus muscle and 
sacrospinous ligament without obstructing the surgical fi eld. A 
17 × 2.5 cm Breisky-Navratil retractor is placed medially to sweep 
the rectum medially off the ligament. A 12 × 3 cm Breisky-
Navratil retractor is placed laterally. A Heaney retractor can then 
be placed posteriorly, just in front of the coccygeus muscle at the 
7-o’clock position, perpendicular and on the distal edge of the 
coccygeus muscle for adequate retraction. Care should be taken 
so the tips of the retractors do not extend beyond the ischial 
spine. Some surgeons fi nd retractors or suction devices mounted 
with a fi beroptic light source to be particularly useful for identify-
ing the retroperitoneal anatomy.

Suture Placement

Various devices have been used to place sutures into the sacro-
spinous ligament, including the Deschamps ligature carrier, Miya 
Hook,32 Schulte device, and Capio in-line “push and catch” 
suturing devices.33 With proper assistance, some surgeons fi nd a 
standard long, curved needle holder to be suffi cient.

Suturing into the sacrospinous ligament should be performed 
with key anatomic landmarks in mind. The lateral suspension 

suture is placed through the ligament 1 to 2 cm medial to the 
ischial spine to safeguard against injury to the pudendal vessels, 
although the risk of injury to the pudendal complex with the 
newer suturing devices may be overestimated.26 Most of these 
devices deliver sutures into the sacrospinous ligament and under-
lying coccygeus muscle over a defi ned arc from anterior to pos-
terior positions and cannot reach the pudendal complex posterior 
to the muscles. Medial rather than lateral placement of sutures 
in the ligament allows for a more cephalad suspension of the 
vaginal vault. Medially, the rectum represents the anatomic 
boundary for suture placement. During placement of the sacro-
spinous sutures, the surgeon must ensure that all retractors 
maintain their proper position. Traumatic insertion of retractors 
beyond the ligament or excessive medial traction against the 
rectum and presacral area is a potential source of bleeding and 
neuropathy.

Fixation of the vaginal apex is most commonly performed 
with permanent monofi lament sutures, but some surgeons prefer 
synthetic absorbable material to reduce the risk of suture erosion 
and granulation tissue formation.34 Preparation of the vaginal 
apex for fi xation can involve full cuff closure or a circumferential 
whip stitch for securing hemostasis, followed by apposition of the 

A B

C D
Figure 67-1 Dissection for anterior sacrospinous vaginal vault suspension. A, Incision; B, Perforation into retropubic space through anterior 
vaginal wall incision and dissection; C, Placement of suture in sacrospinous ligament with straight capiodevice; D, Suspension of vaginal 
vault to sacrospinous ligament.
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open cuff against the ligament. Right and left anchoring sutures 
are secured to the undersurface of the posterior vaginal cuff epi-
thelium for the posterior approach, to the anterior vaginal cuff 
epithelium for the anterior approach, or to both for the apical 
approach. Although scarring and fi brosis at the interface of the 
ligament and vaginal apex may theoretically eliminate the need 
for sutures after the initial healing phase, the relative advantages 
of permanent versus absorbable sutures have not been scientifi -
cally evaluated.

Regardless of the type of suture used or anatomic approach 
to the ligament, a few principles for suture placement are univer-
sal. The surgeon should avoid the creation of a suture bridge 
between the vagina and ligament. The use of pulley stitches (i.e., 
one arm of the suture placed through the vaginal cuff is tied to 
itself with a surgeon’s knot), which attach one end of each suture 
to the vaginal cuff epithelium and smooth muscle, may help in 
applying the vagina directly against the ligament. Maintaining 
a width of at least 2 cm between the medial and lateral sutures 
at their sacrospinous origins and vaginal apex insertions can 
minimize the risk of constriction at the vaginal apex.

Dissection and suture placement for the uterine hysteropexy 
is similar to that of the anterior or posterior vault suspension and 

can be performed through either compartment. The difference is 
that after suture placement in the sacrospinous ligament, each 
suture is brought through the uterosacral ligaments as they insert 
into the cervix and then through the vaginal epithelium. If per-
forming the technique unilaterally with a posterior approach, the 
sutures are placed one on either side of the cervix, with the medial 
suture placed on the contralateral uterosacral ligament at its 
insertion into the cervix. After the upper half of the vaginal wall 
is closed, sutures are tied down with the pulley stitch. Kovac and 
Cruikshank8 and Hefni and colleagues18 describe their techniques 
in detail in the original articles.

COMPLICATIONS

Numerous complications have been associated with sacrospinous 
vaginal vault suspensions, but most are mild and self-limited. 
Local neurologic complications may include pudendal, sciatic, 
and sacral neuropathy.35 Cruikshank and Cox16 found that 20 
(14.8%) of 135 women experienced buttock pain after sacrospi-
nous ligament suspension, with all cases resolving spontaneously 
by 6 weeks. Sciatic nerve irritation after sacrospinous suspension 

A

C

B

Figure 67-2 Schematic for an anterior vaginal vault suspension. A, 
Incision at the apex; B, Dissection of anterior endopelvic connective 
tissue from vaginal epithelium; C, Paravaginal dissection from level of 
bladder neck to ischial spine along arcus tendinous fascia pelvis.
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has been described.12 Nerve injury is commonly cited as a com-
plication; however, direct injury to major nerves is rare. Nichols36 
described injury to the sciatic nerve in two patients; one required 
reoperation, and the problem resolved spontaneously in the 
other.36 Pudendal nerve entrapment may result in pain localizing 
in the buttocks or perineum, and it may improve after replace-
ment of lateral fi xation sutures more medially. One case of 
pudendal nerve entrapment was described by Alevizon and 
Finan.37 The pain resoled spontaneously after release of the sacro-
spinous sutures. Buttock pain may occur because of the wide 
distribution of nerve fi bers throughout the ligament, which are 
most concentrated in its medial portion.38 Any evidence of direct 
injury to the sciatic or pudendal nerves requires reoperation in a 
timely fashion to remove the suture. Gluteal pain or paresthesias 
may occur after sacrospinous suspension, possibly due to periph-
eral nerve trauma.11,39,40 Although these symptoms usually are 
transient and self-limited, they may persist for weeks to months 
postoperatively.

Serious vascular injury is a rare complication of sacrospinous 
ligament suspension, but it can be life threatening. Morley and 
DeLancey12 reported a transfusion rate of only 4% and one 
infected hematoma resulting in sepsis in their review of 71 
women. Various other series have reported transfusion rates 
ranging from 2% to 28%.41,42 To effectively manage pelvic hemor-
rhage, familiarity with the surrounding anatomic landmarks is 
essential.

For most cases involving signifi cant bleeding, ligation with 
sutures or surgical clips can be achieved under direct exposure 
with simple retraction. A rectal examining fi nger can be particu-
larly useful for tamponade and exposure of medial vessels. Sys-
tematic inspection of the superior, inferior, and lateral surfaces 
of the dissected space facilitated by the slow removal of each 
Breisky-Navratil retractor should be performed, with particular 
focus on the ligament and adjacent coccygeus muscle, right 
medial rectal surface, and endopelvic connective tissue adjacent 
to the perforation of the rectal pillar. Throughout the 16-year 
experience of performing more than 400 sacrospinous ligament 
suspension procedures at our center, hemorrhage requiring vas-
cular embolization or repeat surgery has occurred only once. In 
his review of the literature, Slack43 found only 64 transfusions 
among 1901 reported cases.

Signifi cant bleeding during sacrospinous vaginal vault 
suspension usually results from injury of small vessels along 
the medial aspect of the rectum39,44 by overzealous medial 
dissection and retraction. Less commonly, the medial retractor 
can disrupt deeper vessels in the presacral area. If an individual 
vessel cannot be visualized with adequate retraction and lighting, 
the use of prolonged pressure packing may become necessary. 
Selective arterial embolization may be considered in hemody-
namically stable patients if a defect or injured vessel cannot be 
localized.26

Infectious complications may occur. Hardiman and Drutz45 
reported a 10% incidence of febrile morbidity after vaginal 
reconstructive surgery that included sacrospinous ligament sus-
pension; however, the risk of clinically signifi cant infection 
resulting from the apical suspension itself appears to be low. The 
lack of a tissue graft eliminates the risk of foreign body infection, 
but suture abscesses can develop occasionally.3,29 Proctotomy has 
been reported,4,41 but signifi cant injuries to the bowel are rare. In 
contrast to uterosacral vault suspension techniques, ureteral 
injuries are also rare, although bladder laceration has been 
reported.3

ANATOMIC OUTCOMES

Support of the Vaginal Apex

The long-term effi cacy of sacrospinous ligament suspension for 
resuspending a prolapsed vaginal cuff has been supported in 
several clinical series. The success rates of the larger reports and 
their mean follow-up intervals are listed in Table 67-1. Although 
most outcomes reported for the sacrospinous ligament suspen-
sion have referred to the posterior or apical approach, later 
reports evaluating the anterior sacrospinous ligament suspension 
have found similar rates of success. Goldberg and coworkers6 
retrospectively evaluated 168 women after anterior (n = 76) or 
posterior (n = 92) sacrospinous vault suspension and found no 
measurable differences with respect to apical support, vaginal 
caliber according to maximum dilator size, or angle of the vaginal 
vault between the two groups.

Table 67-1 Sacrospinous Vaginal Vault Outcomes

Study No. of Patients Mean Follow-up (mo) Success of Apical Support (%)

Richter and Albrich,3 1981  81 98
Nichols,4 1982 163 ≥24 97
Morley & DeLancey,12 1988  71 ≥12 96
Cruikshank and Cox,16 1990  48 8-38 83
Shull et al,30 1992  81 ≥48 98
Pasley,41 1995 156  35 94.4
Hardiman and Drutz,45 1996 125 6-60 97.6
Paraiso et al,51 1996 243 73.6 93
Hoffman et al,65 1996  39 ≥12 90
Chapin,66 1997 112 ≥12 96
Meschia et al,67 1999  91 ≥12 85
Winkler et al,5 2000  75   8.5 93
Cespedes,11 2000  28  17 96.4
Lantzsch et al,68 2001 123  57 96.7
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After sacrospinous ligament suspension, the apex of the vagina 
is retroverted and laterally positioned—anatomic changes that 
appear to have no functional consequences. Morley and 
DeLancey12 thought this asymmetry might confer a functional 
benefi t postoperatively by positioning the vaginal vault away 
from the urogenital hiatus and over the levator muscles, lessening 
the intra-abdominal pressures applied to the vaginal apex. 
Narrowing of the vaginal apex into a conical shape, due to the 
excision of excess anterior or posterior vaginal epithelium, is 
thought by some to be a desired anatomic consequence of uni-
lateral sacrospinous suspension.46 After bilateral suspension, a 
T-shaped or Y-shaped (with concomitant enterocele repair) 
vaginal apex may be created, but it appears to confer no func-
tional disadvantage.

Comparison with Abdominal Procedures

Benson and associates47 performed the fi rst prospective, random-
ized trial comparing abdominal and vaginal apical suspensions. 
They randomized 48 women to vaginal sacrospinous ligament 
suspension with paravaginal repair, and 40 women were ran-
domized to have abdominal sacrocolpopexy, paravaginal repair, 
and possible retropubic urethropexy. They found after 2.5 years 
that the vaginal route was unsatisfactory in 33% of patients, 
compared with 16% of patients in the abdominal group, and they 
terminated the study early. Their conclusion was that the abdom-
inal approach was more effective in treating uterovaginal pro-
lapse than the vaginal approach.47

In contrast, Maher and colleagues48 evaluated 95 women with 
vault prolapse in a randomized, controlled trial. Forty-seven 
women were allocated to abdominal sacral colpopexy and 48 
women to vaginal sacrospinous colpopexy. Both groups under-
went Burch urethropexies if stress urinary incontinence was 
present. After 2 years of follow-up, they found that subjective and 
objective (76% abdominal versus 69% vaginal; P = .48) cure rates 
were similar for the two groups. Abdominal surgery was associ-
ated with longer operating times, slower return to activities, and 
greater cost in both studies.48

Anterior Vaginal Wall Support

If apical support is the sole parameter by which success is mea-
sured, the success rates range from 80% to 90%. When evaluating 
the entire pelvic fl oor, however, the anterior vaginal compart-
ment appears to represent a particularly vulnerable site. Perhaps 
this is a consequence of vaginal retroversion predisposing to a 
compensatory abnormality. Several clinical series, but not all,49 
have demonstrated an elevated risk of cystocele formation after 
sacrospinous ligament suspension. Recurrent cystoceles have 
been reported in 7.6% to 92% of women after sacrospinous liga-
ment vaginal vault suspension, depending on the other concur-
rent procedures performed.3,12,41,50

Although early series found recurrent cystoceles in 6% of 
women who had satisfactory support at the apex,12 Paraiso and 
colleagues51 reported signifi cant anterior wall defects in 26.7% of 
women after sacrospinous ligament suspension. Smilen and 
coworkers49 evaluated 322 women and divided them into two 
major groups. The fi rst group had anterior wall defects and 
underwent anterior repairs with or without sacrospinous vaginal 
vault suspensions. The second group did not have anterior wall 
defects, and no anterior repairs were performed, but other recon-

structive procedures were performed with or without sacrospi-
nous vaginal vault suspensions. the investigators found that the 
addition of sacrospinous vaginal vault suspensions did not 
increase the occurrence of postoperative cystoceles in either 
group.

Sze and associates39 described 96 women who had pelvic organ 
prolapse to the hymen or beyond, and they compared women 
who underwent sacrospinous vaginal vault suspension with or 
without concomitant transvaginal needle suspension. Recurrent 
prolapse was observed in 33% of women when the two proce-
dures were performed concurrently, compared with 19% of 
women who underwent sacrospinous suspension only. The dif-
ference did not reach statistical signifi cance.39 Barber and col-
leagues52 reported a 21% incidence of stage III cystoceles after 
sacrospinous vaginal vault suspension at a mean follow-up inter-
val of 19 months. The incidence rose to 36% when sacrospinous 
suspensions were performed concomitantly with endoscopic 
needle suspensions.52 The increased incidence of cystoceles in 
these two studies might have been associated with the needle 
suspension alone or the specifi c combination of procedures. 
Alternatively, Goldberg and associates53 found that bladder neck 
slings decreased recurrence rates of cystoceles from 42% to 19%, 
even when performed concomitantly with sacrospinous vaginal 
vault suspensions. Anterior sacrospinous vault suspensions were 
not independently predictive of recurrent cystoceles, and poste-
rior sacrospinous vault suspensions were predictive of recurrent 
cystoceles only when combined with anti-incontinence proce-
dures, not including slings.53

The precise mechanisms leading to recurrent anterior vaginal 
wall prolapse have yet to be outlined. It has been proposed that 
posterior defl ection of the vaginal vault after sacrospinous vaginal 
vault suspension leads to increased exposure of the anterior com-
partment to intraperitoneal forces.54,55 Shull and colleagues30 sug-
gested that underestimation of the severity of anterior prolapse 
on preoperative examination or overreliance on the apical sus-
pension for compensation of anterior support defects may play 
a role. In their series, 16% of patients with anterior vaginal wall 
prolapse before surgery had no repair of the anterior vaginal wall 
performed during the initial surgery. Accurately identifying all 
areas of prolapse preoperatively and modifying the pelvic recon-
struction according to intraoperative fi ndings are key to obtain-
ing a successful outcome.

Vaginal Anatomy and Sexual Function

Most studies of sacrospinous vaginal vault suspension have 
focused on anatomic outcomes, particularly on the rates of 
recurrent apical, posterior, and anterior vaginal prolapse. 
Few studies have addressed functional outcomes, such as 
vaginal length, caliber, axis, and sexual satisfaction. Morley and 
DeLancey12 reported vaginal stenosis in 4 of 71 women evaluated 
at least 1 year after sacrospinous vaginal vault suspension and 
1 patient with vaginal foreshortening requiring subsequent 
vaginoplasty. Elkins and coworkers54 and Given and associates56 
quantifi ed postoperative vaginal anatomy in more detail, report-
ing an average vaginal length after sacrospinous ligament 
suspension of 8.3 and 8.2 cm, respectively. Paraiso and col-
leagues51 evaluated an even wider variety of outcomes after sacro-
spinous suspension at a mean interval of 98.8 months. Vaginal 
length averaged 8.0 cm, and the vaginal caliber was less than 2 
fi ngerbreadths in 17%; new onset of vaginal constriction was 
reported in 7.4%.51
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Sexual dysfunction after pelvic reconstruction with sacro-
spinous suspension was reported in 14% of patients by Paraiso 
and co-workers51; however, less than one half represented de novo 
cases. Surprisingly, vaginal length, caliber, and the presence of 
specifi c support defects did not correlate with reported sexual 
activity in this series. Holley and associates50 concluded that 
postoperative vaginal narrowing was a signifi cant predictor of 
decreased sexual activity after sacrospinous suspension and 
vaginal reconstruction, with 25% reporting postoperative sexual 
dysfunction. When vaginal narrowing did not occur, sexually 
active patients reported unchanged or improved sexual function.50 
These reports, in agreement with others,17,50 concluded that vaginal 
narrowing and sexual dysfunction after sacrospinous ligament 
suspension was most often the result of anterior colporrhaphy 
and the repair of other concomitant defects rather than the 
sacrospinous suspension itself. Retroversion of the vaginal apex 
and deviation after unilateral sacrospinous suspension appear to 
have no adverse effects on coital function postoperatively.

We addressed sexual outcomes in a retrospective analysis of 
133 women after sacrospinous vaginal vault suspension (76 after 
posterior sacrospinous suspension and 57 after anterior suspen-
sion) at a median interval of 41 months. Before surgery, 19 (33%) 
were sexually active in the anterior vault suspension group, with 
9 (13%) reporting dyspareunia. At long-term follow-up, two 
patients in the anterior vault suspension group and two in the 
posterior vault suspension group reported new-onset dyspareu-
nia. Three of these four cases of de novo dyspareunia were refer-
able to severe atrophy or recurrent grade 3 prolapse; none was 
attributed to vaginal narrowing or shortening.6 Sacrospinous 
ligament vaginal vault suspension appears to have minimal or no 
impact on sexual function postoperatively, and the choice of 
anterior or posterior technique has no discernable impact on 
sexual outcomes. Perhaps most encouraging was that fi ve women 
in this series reported dyspareunia preoperatively that resolved 
after vaginal reconstruction with sacrospinous vaginal vault 
suspension.

PREDICTORS OF SUCCESS

The long-term success of sacrospinous vaginal vault suspension 
depends on a multitude of factors, including the quality of endo-
pelvic connective tissues, postoperative convalescence, lifestyle 
factors, and the repair of all coexisting pelvic fl oor support defects 
at the time of surgery. Two studies have evaluated predictors of 
success for reconstructive surgery. Whitesides and colleagues58 
found that age older than 60 years and preoperative stage III or 
IV prolapse were independent predictors of recurrent prolapse. 
They also found that bladder neck plication and posterior colpor-
rhaphy were associated with recurrent anterior prolapse. In con-
trast, Burch or bladder neck sling procedures had a lower risk of 
recurrent anterior vaginal wall prolapse but a greater risk of 
posterior vaginal prolapse. Goldberg and coworkers53 and Cross 
and associates57 found decreased risks of anterior vaginal wall 
prolapse with bladder neck sling procedures. Patients who had 
three or more concomitant procedures were more likely to have 
recurrent prolapse, although this factor did not reach statistical 
signifi cance.58 Nieminen and coworkers59 identifi ed vaginal cuff 
infection (OR = 6.13) and urinary tract infection (OR = 3.65) as 
predictors of vaginal vault recurrence.

It appears that a successful initial healing process may herald 
long-term success. Shull and colleagues30 reported that among 81 

women treated with sacrospinous ligament suspension and pelvic 
reconstruction, the absence of any pelvic support defect at the 
6-week postoperative visit was associated with only a 3% likeli-
hood that the patient would require subsequent reconstructive 
surgery within 2 to 5 years.30

ALTERNATIVE TRANSVAGINAL VAULT 
SUSPENSION PROCEDURES

Iliococcygeus Suspension

In 1963, Inmon60 described iliococcygeus fi xation. The iliococ-
cygeus fascia was selected as an alternative fi xation point because 
it required less dissection than a sacrospinous suspension, 
with the proposed advantage of decreasing the incidence of 
neurovascular injury or future cystocele.21 One drawback of the 
iliococcygeus suspension, however, is the lack of level I apical 
support.

Shull and colleagues61 described 42 patients in whom he per-
formed iliococcygeus suspension, with follow-up periods of 6 
weeks to 5 years, and they found only a 5% rate of recurrence. 
Alternatively, Maher and associates62 compared sacrospinous 
suspension to iliococcygeus fi xation for prolapse of the vaginal 
apex in matched cohorts and reported higher “patient satisfac-
tion” scores among the sacrospinous group at a mean follow-up 
of 20 months. Nonsignifi cant trends indicated better support 
after the sacrospinous approach according to subjective and 
objective outcomes.62

Bilateral Uterosacral Suspension

Uterosacral suspension is another alternative to sacrospinous 
suspension. Karram and coworkers22 described this procedure in 
women who underwent primary uterosacral suspension (at the 
time of hysterectomy) compared with women being treated for 
recurrent prolapse. Among 168 women with follow-up data, 
there was a 5% reoperation rate for any defect in the vagina. Only 
two women had recurrent, symptomatic enterocele or vault pro-
lapse of grade 2 or greater. The investigators were unable to 
perform the operation in 6 of 200 cases due to exposure or 
because an enterocele was not found.

Barber and associates52 described the outcomes of bilateral 
uterosacral suspension and found that 3 of 46 women needed 
reoperation. Symptomatic prolapse recurred in four women 
(10%), two (5%) with apical prolapse. They reported a very high 
(11%) ureteral occlusion rate.52 Shull and colleagues63 found an 
objective cure rate of 87% (251 of 289 patients) in his series, and 
Jenkins64 reported no failures among 50 women.

Suspension of the vaginal apex to the proximal uterosacral 
ligaments can achieve an excellent anatomic and functional 
outcome. However, the uterosacral tissues occasionally lack suf-
fi cient tensile strength for an effective vault suspension, and the 
risk of ureteral injury may be as high as 11% when multiple fi xa-
tion sutures are placed into the uterosacral ligament.

CONCLUSIONS

Based on the existing literature, it appears that each of these 
operations, in experienced hands, can provide excellent long-
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term outcomes. Prospective comparisons between sacrospinous 
ligament vaginal vault suspension and its alternatives will hope-
fully be the subject of future research.

For the surgical management of advanced prolapse of the 
vaginal apex, sacrospinous ligament vaginal vault suspension 
represents a highly reliable transvaginal alternative. Familiarity 

with the various methods for approaching the ligament and 
anchoring the vaginal apex allows the surgeon to easily combine 
this operation with a variety of other vaginal reconstructive pro-
cedures. Adherence to fundamental anatomic and surgical prin-
ciples ensures that a functional vaginal anatomy is maintained 
and that complications are minimized.
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Chapter 68

REPAIR OF VAGINAL VAULT PROLAPSE 
USING SOFT PROLENE MESH
Matthew P. Rutman, Donna Y. Deng, Larissa V. Rodríguez, 
and Shlomo Raz

Vaginal vault prolapse results from elongation or detachment of 
the sacrouterine-cardinal ligament complex. It commonly mani-
fests with other vaginal defects, such as cystocele, enterocele, and 
rectocele. Patients typically present with symptoms similar to 
uterine prolapse: a mass protruding vaginally, dyspareunia, low 
back pain, or perineal pressure. Sometimes, patients present with 
symptoms of voiding dysfunction, such as incomplete emptying, 
retention, recurrent infections, or incontinence.

An enterocele is a hernia of the peritoneum, with its contents 
extending between the vagina and rectum at the level of the 
vaginal vault. The use of dynamic magnetic resonance imaging 
(MRI) has allowed routine identifi cation of the contents: small 
bowel, sigmoid, fl uid, or omentum. Most enteroceles are acquired 
as a result of prior surgery on the anterior vaginal wall altering 
the vaginal axis or poor closure of the cul-de-sac at the time of 
hysterectomy. The incidence of enterocele in patients who under-
went gynecologic surgery is as high as 16%.1 For the purposes of 
this chapter, we divide enteroceles into simple and complex 
types. A simple enterocele exists when there is no concomitant 
vault prolapse. The only defect is between the perivesical and 
prerectal fascia, which allows the peritoneum to herniate through, 
creating an enterocele. In a complex enterocele, there is con-
comitant vault prolapse. Many techniques have been described 
for supporting the vaginal vault after enterocele repair and 
hysterectomy.

APICAL VAGINAL WALL PROLAPSE: 
ANATOMY AND PATHOPHYSIOLOGY

The most proximal portion of the vagina, called the vaginal cuff 
or vault, is supported by the cardinal ligaments and uterosacral 
ligament complex. The cardinal ligaments are thick, anteriorly 
based fascial condensations originating from the greater sciatic 
foramen and inserting into the lateral fascia of the cervix and 
adjacent vaginal wall. They provide critical uterine and apical 
vaginal support. The uterosacral ligaments originate from the 
sacral vertebrae and insert into the lateral vaginal fornices, fusing 
with the cardinal ligaments posteriorly and stabilizing the uterus, 
cervix, and apical vagina in a posterior direction toward the 
sacrum. The broad ligaments, located more superiorly, attach the 
lateral walls of the uterine body to the pelvic side wall, providing 
additional uterine support. They contain the fallopian tubes, the 
round and ovarian ligaments, and the uterine and ovarian blood 
supply.

Lateral walls of the rectum are supported to the lateral pelvic 
wall and sacrum by condensations of connective tissue to the 

levator muscle extending to the sacrum (i.e., pillars of the rectum). 
The rectovaginal septum is a fascial extension of the peritoneal 
cul-de-sac between the vaginal apex and the anterior rectal wall. 
The septum consists of two distinct fascial layers: posterior 
vaginal fascia and prerectal fascia. The layers fuse with the 
cardinal-uterosacral ligament complex proximally, stabilizing the 
posterior vaginal apex. The two layers fuse distally and insert into 
the perineal body. The perineal body is a tendinous structure 
located in the midline of the perineum between the vagina and 
anus, and it provides additional pelvic support to the posterior 
vaginal wall and rectum. It serves as a central insertion point for 
the superfi cial and deep transverse perineal, bulbospongiosus, 
and external sphincter muscles. The perineal membrane consists 
of the distal 3 to 4 cm of the vagina and serves as an attachment 
point for the levator musculature. This is a critical anatomic 
landmark in posterior repair.

The musculature of the pelvic fl oor provides the main support 
for the pelvic viscera. It is composed of the coccygeus and levator 
ani muscles. The horizontal levator plate allows maintenance of 
the normal vaginal axis. The levator hiatus refers to the midline 
openings of the levator ani that allow passage of the urethra, 
vagina, and rectum. The proximal vagina and rectum rest on the 
levator fl oor and remain well supported with increases in intra-
abdominal pressure in patients with normal pelvic support.

Pelvic fl oor relaxation results in vaginal wall prolapse. Multi-
parity, obesity, hormonal changes, increasing age, and tissue and 
nerve damage can play important roles in vaginal prolapse. The 
resulting area of prolapse depends on the location of muscular 
and ligamentous damage.

EVALUATION

Patients found to have small vault prolapse or enteroceles on 
physical examination are typically asymptomatic. As the vault 
prolapse increases, patients may report symptoms of vaginal and 
perineal fullness or lower back pain that improves with supine 
positioning. Other complaints include dyspareunia and symp-
toms of voiding dysfunction, such as incomplete emptying, 
retention, recurrent infections, or incontinence. Patient with 
voiding symptoms should be evaluated with video urodynamic 
studies. The physical examination is essential for diagnosis, and 
it usually reveals a bulging mass at the vaginal apex. An enterocele 
can be diffi cult to distinguish from a high rectocele or cystocele. 
Separate examination of the vaginal walls with a half-blade of a 
Graves speculum is routine with Pelvic Organ Prolapse Quanti-
fi cation measurements.
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Simultaneous rectal and vaginal examination may aid in dif-
ferentiating an enterocele from a high rectocele. Examination in 
the standing position and cystoscopic light in the bladder also 
may assist in making the proper diagnosis.2 Any concomitant 
defects should be documented.

Many radiologic modalities have been used in the diagnosis 
of enterocele, including defecography, fl uoroscopy, dynamic cys-
tocolpoproctography, and MRI. Dynamic MRI provides superior 
imaging of all three vaginal compartments and may help differ-
entiate introital masses.3 In patients with severe prolapse of the 
anterior and apical vaginal wall, the upper urinary tract must be 
evaluated (e.g., renal ultrasound, pyelogram, computed tomog-
raphy urography) because severe prolapse can cause severe angu-
lation of the ureters resulting in ureteral obstruction.

CONSERVATIVE TREATMENT

Conservative treatment, which is best for early prolapse and 
poor surgical candidates, includes pelvic muscle rehabilitation, 
hormone replacement therapy, and pessary use. Patients should 
be instructed to avoid constipation and activities such as heavy 
lifting and straining. Pessary fi tting can be quite challenging, and 
improper placement and poor hygiene can lead to erosions into 
the vaginal mucosa and adjacent structures. As the severity of 
prolapse increases, it becomes increasingly diffi cult to retain a 
pessary, which mandates formal surgical repair. Concomitant 
prolapse should be addressed at the same time. Colpocleisis can 
be performed with minimal anesthesia as an alternative to defi ni-
tive repair. This is a less morbid option in the sexually inactive 
elderly patient with multiple comorbidities.

SURGERY

Surgical Indications

Treatment is driven by patients’ symptoms. Low grades of pro-
lapse are often asymptomatic and can be managed nonopera-
tively. Patients who are symptomatic and have concomitant 
prolapse, ulcerations, and obstructive voiding require surgical 
intervention. Patients with severe prolapse causing obstruction 
of the upper tracts and hydronephrosis also require intervention. 
Simultaneous repair of other vaginal prolapse should be 
performed.

Surgical Techniques

Numerous techniques have been described for vault prolapse and 
enterocele repair, including abdominal, vaginal, and laparoscopic 
repair. Because several of these procedures are discussed in detail 
in other chapters, they are mentioned briefl y here as a reference 
only. Abdominal repair, with sacrocolpopexy or hysterectomy, 
closes the cul-de-sac using one of two popular techniques. The 
Moschcowitz repair obliterates the cul-de-sac using purse-string 
sutures from the bottom of the sac to the most cephalad aspect. 
The Halban repair obliterates the cul-de-sac by placing sutures 
in the sagittal plane between the anterior rectal wall and the 
posterior vaginal wall. Vaginal repair avoids the morbidity of a 
laparotomy and has the advantages of decreased hospital costs 
and quicker recovery time. In the following sections, we describe 
two techniques used for transvaginal sacrouterine fi xation.

Transvaginal Sacrouterine Fixation for Vault Prolapse with 
Enterocele Repair

The patient is placed in the high lithotomy position after anes-
thesia is provided. The lower abdomen and vagina are prepared 
and draped in a sterile fashion. The labia minora are retracted, 
and a Foley catheter is placed. A ring retractor with hooks is 
positioned, and the enterocele is grasped with two Allis clamps. 
In patients undergoing concomitant hysterectomy, the peritoneal 
cavity is exposed. The vaginal apex is located by identifying the 
scar at the lateral apex. It is marked bilaterally with electrocau-
tery. A vertical incision is made anteriorly from the base of the 
bladder extending posteriorly to the prerectal area. Sharp dissec-
tion is used to free the peritoneal sac from the vaginal wall. 
Special attention is necessary to avoid inadvertent bladder or 
rectal injury during the dissection. Cystoscopic illumination of 
the bladder can help defi ne the bladder base.

The peritoneal sac is opened, exposing the bowel contents. 
After freeing any adhesions, two Betadine-soaked laparotomy 
pads are placed to pack the abdominal contents, and deep right-
angle retractors (Haney) are used to retract for optimal exposure. 
This maneuver protects the bowel and bladder during the proce-
dure. Vault suspension sutures are placed at this time to support 
the cuff to the sacrouterine ligaments. In patients with vault 
prolapse and enterocele, the procedure obliterates the cul-de-sac 
and suspends the vaginal cuff high on the levator plate. A 1-0 
Vicryl suture is passed through the vaginal wall (apex) inside the 
peritoneal cavity incorporating prerectal fascia and the ipsilateral 
origin of the sacrouterine ligament complex (i.e., iliococcygeus 
muscle). The sacrum, coccyx, and the coccygeus muscle and its 
underlying sacrospinous ligament (i.e., strong, fi rm, rectangular 
structure) are palpated. The rectum is retracted medially, and a 
strong purchase is taken posterolaterally in the groove between 
the iliococcygeus muscle and rectal wall. We also incorporate the 
prerectal fascia, resulting in reduction of the rectocele. It is essen-
tial to take a strong bite of tissue in the pararectal area. The suture 
is brought out the vaginal wall 1 cm from the original entry point. 
The same maneuver is performed on the contralateral side. The 
culdosuspension sutures are left untied.

The enterocele (peritoneal cavity) is closed with two 1-0 Vicryl 
sutures in a purse-string fashion. These sutures incorporate the 
sacrouterine-cardinal ligament complex laterally, prerectal fascia 
posteriorly, and perivesical fascia anteriorly (i.e., base of the 
pubocervical fascia). This obliterates the potential space between 
the prerectal fascia and the perivesical fascia. Distal suture place-
ment preserves adequate vaginal depth. It is important to take 
strong bites of the perivesical fascia, including the posterior peri-
toneal surface of the bladder, with careful attention to staying 
in the middle (i.e., ureters run laterally). This ensures closure of 
the enterocele and reapproximates the prerectal and perivesical 
fascia. The excess peritoneal sac is excised after tying the sutures. 
Indigo carmine is administered intravenously and cystoscopy is 
performed to rule out iatrogenic ureteral obstruction from suture 
placement.

At this point, we perform a sling or cystocele repair if required. 
The vault suspension sutures are tied after we reduce the vault 
using a weighted speculum and Allis clamp to reduce the cuff to 
the most posterior and deep position. This provides depth and 
support of the cuff and restores the normal banana-shaped 
vaginal axis (in the lithotomy position). Excess vaginal wall is 
trimmed, and the vaginal wall is closed with a running, locking 
2-0 Vicryl suture.
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The rectocele is repaired next. The posterior fourchette is 
excised, and a triangular fl ap of posterior vaginal wall is excised 
4 cm from the hymen, exposing the perineal membrane and the 
levator plate. A 1-cm strip of posterior vaginal wall is excised to 
expose the pillar of the rectum and the prerectal fascia. The 
proximal vagina is repaired with 2-0 delayed absorption sutures 
that include the edge of the vaginal wall and the pillar of the 
rectum. In the distal vagina, fi gure-of-eight sutures are used to 
repair the levator hiatus by incorporating the edge of the vaginal 
wall and the perineal membrane (indirectly approximating the 
levator musculature). The perineal body repair is completed. The 
vagina is packed with an antibiotic-impregnated gauze.

Most vault suspension and enterocele repairs are performed 
as outpatient surgery. The vaginal pack is removed after 2 hours, 
and patients are discharged home and remain on several days of 
oral antibiotics.

We previously reported data for 104 patients who underwent 
transvaginal culdosuspension with enterocele repair or hysterec-
tomy, or both.4 This cohort had the procedure performed without 
mesh reconstruction. Concomitant prolapse was repaired in 82 
patients. Perioperative complications included two patients with 
cuff infections, two patients with ileus and one patient with ure-
teral obstruction. Both patients with ileus responded to conserva-
tive management. The vaginal cuff infections did not require 
operative intervention and responded to antibiotics and local 
wound care. The patient with ureteral obstruction required ure-
teroneocystostomy. The patients were followed for a mean period 
of 17.3 months. Recurrence occurred in four patients (3.8%). All 
four had repeat transvaginal colposuspension, and each was free 
of prolapse at the last follow-up. No patients had vaginal fore-
shortening, urinary retention, or rectovaginal fi stula. One patient 
had prolonged dyspareunia that resolved after 6 months.

Mesh Repair for Concomitant Vault Prolapse, 
Enterocele, and Rectocele
In patients with apical and posterior compartment prolapse, we 
restore the sacrouterine ligament complex and repair the pelvic 
fl oor with the use of a polypropylene mesh. This method also is 
used in patients undergoing vaginal hysterectomy. Most patients 
with vault prolapse have widening of the levator hiatus and 
descent of the levator musculature. The technique addresses 
reconstruction of the pelvic fl oor and prevents levator descent. 
Prior experience with anterior wall failures without the use of 
surrogate materials has ignited our interest in total mesh recon-
struction for durable recreation of vaginal anatomy. Addressing 
perineal body descent is important to prevent recurrent prolapse 
and anorectal disorders.

A T-shaped soft Prolene mesh is cut from a sheet of 6 × 6 inch 
soft polypropylene mesh. The two transverse arms are measured 
to 4 × 1 cm, and the vertical segment is 3 × 6 cm (Fig. 68-1). The 
two transverse arms mimic the sacrouterine ligaments in support 
of the cuff. The vertical segment recreates the prerectal fascia 
inserting at the perineal membrane (Fig. 68-2). Vault suspension 
sutures are placed as described earlier, incorporating the origin 
of the sacrouterine ligament. The sutures are brought through 
the transverse arm of the mesh, and a second purchase of the 
sacrouterine ligament is taken (Fig. 68-3). We also incorporate 
the prerectal fascia, resulting in full support of the cuff by the two 
arms of the mesh because it mimics the normal sacrouterine liga-
ment support. This also aids in reducing the rectocele. The 
enterocele closure is performed in purse-string fashion as done 
earlier with the posterior bites (of the prerectal fascia), including 

Figure 68-1 T-shaped mesh.

Obturator

Ischial
spine

Rectum

Levator

Coccygeus

Figure 68-2 Mesh recreation of the sacrouterine ligament–prerectal 
fascia complex.

Figure 68-3 Transverse arm of mesh recreating the sacrouterine 
ligament origin.
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small purchases of the proximal vertical mesh segment (Fig. 
68-4).The vertical segment of the mesh is then tunneled to the 
posterior vaginal wall for a distance of 2 to 3 cm to avoid incor-
poration of the mesh during the vaginal cuff closure. The mesh 
is eventually brought out to the distal vagina over the prerectal 
fascia (Fig. 68-5). The vertical segment of the mesh acts as sur-
rogate tissue to improve the rectocele repair and prevent levator 
descent. The proximal vagina is repaired with 2-0 delayed absorp-

tion sutures, including the edge of the vaginal wall and the pillar 
of the rectum. In the distal vagina, fi gure-of-eight sutures are 
used to repair the levator hiatus by incorporating the edge of the 
vaginal wall, the edge of the vertical mesh segment, and the peri-
neal membrane and levator musculature. The excess mesh is 
excised, and the perineal body repair is completed.

We have performed the previous procedure on more than 100 
patients since February 2004. Forty percent underwent concomi-
tant vaginal hysterectomy. We have had no intraoperative com-
plications. Pelvic Organ Prolapse Quantifi cation staging has 
revealed restoration of normal vaginal anatomy. Two patients 
(2.5%) have had recurrent enteroceles without vault prolapse; 
one required a second procedure. One patient had a small mesh 
erosion at the posterior vaginal wall that was cured with offi ce 
excision. An additional patient had unilateral ureteral obstruc-
tion requiring ureteroneocystostomy. Longer follow-up will be 
reported as our data matures.

Other Techniques for Treating Vault Prolapse 
and Enterocele
Pelvic reconstructive surgeons have described other techniques 
of transvaginal uterosacral fi xation for apical prolapse. Shull and 
colleagues5 reported a total of 302 consecutive patients who 
underwent transvaginal reconstructive surgery for apical pro-
lapse by a single surgeon. In patients with prior hysterectomy and 
vault prolapse, a vertical midline incision was made in the vaginal 
epithelium. The epithelium was dissected off the underlying 
enterocele sac. The pubocervical and rectovaginal fascia were 
identifi ed, and the enterocele sac was found between the two 
planes. The enterocele sac was opened and the bowel packed. The 
remaining uterosacral ligaments were identifi ed medial and pos-
terior to the ischial spine at 4- and 8-o’clock, respectively. A 
double-armed nonabsorbable suture was then placed from lateral 
to medial aspects through the ligament on the sacral side of the 
ischial spine. Two additional sutures were then placed distal and 
medial to the initial suture. The same maneuver was then per-
formed on the contralateral side.

At this point, six sutures were tagged and labeled. Central 
defects in the pubocervical and rectovaginal fascia were then 
repaired by plication technique. The double-armed sutures were 
brought through the superior aspect of the rectovaginal and 
pubocervical fascia, respectively. Before securing the sutures, 
indigo carmine was administered intravenously. The sutures 
were secured, resulting in the pubocervical fascia and rectovagi-
nal fascia being anchored together at the vaginal apex. The sus-
pensory sutures were all secured, and cystoscopy ensured ureteral 
patency. The vaginal epithelium was trimmed and closed with a 
running polyglycolic suture. Concomitant retropubic urethro-
pexy and perineal body repair were performed if necessary. There 
was no closure of the peritoneal cavity in this technique.

This transvaginal technique was used in 302 patients between 
1994 and 1998.5 The means follow-up period was 1.18 years. In 
this cohort, 289 had at least one postoperative examination, and 
87% had no subsequent support defect, with the remaining 13% 
having some degree of pelvic support loss. Only 5% of the patients 
had development of grade 2 or greater support defects. One 
patient required a unilateral ureteroneocystostomy for a ureteral 
injury discovered at the time of surgery consisting of a hysterec-
tomy, cystocele repair, rectocele repair, enterocele repair, and 
vaginal cuff suspension. Three patients required homologous 
blood transfusion. One elderly patient with dementia died at 
home 4 days after release from the hospital.

Figure 68-4 Closure of an enterocele, including mesh with prerectal 
fascia.

Figure 68-5 Mesh exiting at the distal vagina.
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High uterosacral vaginal vault suspension with fascial recon-
struction for enterocele and vault prolapse was performed by 
Karram and coworkers6 for a large cohort at the University of 
Cincinnati. Exposure was similar to the previously described 
technique. After the peritoneal cavity was exposed and the bowel 
packed, a wide retractor was used for optimal exposure. The 
ischial spines were palpated, and the remnants of the uterosacral 
ligaments were identifi ed. An Allis clamp was placed at the 5- and 
7-o’clock positions. Permanent sutures were then passed through 
the ligaments from side to side, incorporating the peritoneum 
between the two sides. A total of two to four sutures were placed. 
Anterior wall surgery was then performed if required. The 
anterior and posterior vaginal walls were suspended by their 
underlying fascia high to the uterosacral ligaments on each side, 
using four to six sutures. All other indicated repairs were 
performed.

Follow-up was available for 168 of the 202 women who under-
went high uterosacral vaginal vault suspension.6 Only two women 
(1%) had recurrent symptomatic enterocele or vault prolapse 
of grade 2 or greater. A total of 4.5% underwent reoperation 
for symptomatic anterior or posterior vaginal wall prolapse. An 
additional 5% had recurrent prolapse of grade 2 or greater that 
was asymptomatic or for which no further therapy was desired 
by the patient. At a mean of 21.6 months after surgery, 89% of 
the 168 women were “happy” or “satisfi ed” with their procedure. 
There were fi ve cases of ureteral injury, four of which were diag-
nosed at the time of surgery and reversed by cutting of the sus-
pension sutures. One case required a ureteral reimplantation due 
to a ureterotomy. One patient had a small bowel injury and 
required a laparotomy. Another patient developed a pelvic abscess 
requiring exploration and a diverting colostomy.

The McCall procedure and several later modifi cations close 
the cul-de-sac using an abdominal or vaginal approach. This 
technique plicates the uterosacral ligaments in the midline and 
suspends the posterior vaginal fornix to these ligaments.

The sacrospinous ligament fi xation is a commonly performed 
procedure, particularly by urogynecologists. It is described in 
chapter 67 in full detail. It was initially described by Nichols7,8 
and Randall,8 who had slight variations in their techniques. Both 
attach the vaginal vault to the sacrospinous ligament medial to 
the ischial spine, but Randall does it under visual control and 
Nichols under digital control. The procedure can be done uni-
laterally or bilaterally, and it typically uses a posterior extraperi-
toneal approach.8 Several surgeons have criticized the approach 
for altering the vaginal axis and predisposing the patient to ante-
rior compartment recurrences. An article with a 2.5-year follow-
up reported a 29% rate of recurrent cystocele.9 Additional 
complications described in the literature include hemorrhage 
(2%), gluteal pain (3%), pudendal nerve injury, and rarely, cys-
totomy or proctotomy.

Iliococcygeus fascia colpopexy involves suturing the vaginal 
cuff to the iliococcygeus fascia near the ischial spine bilater-
ally.10,11 A similar procedure, called levator myorrhaphy, uses the 
levator ani fascia as the supporting structure for the vault suspen-
sion. Extraperitoneal and intraperitoneal approaches have been 
described, and both have had excellent reported results.12

Abdominal sacrocolpopexy (open or laparoscopic) is another 
approach advocated by some for vaginal vault prolapse. Through 

an intraperitoneal abdominal incision, the sacral promontory 
and vaginal apex are exposed. The cul-de-sac is closed. A piece 
of sterile mesh or fascia is then attached to the apex of the vagina 
and eventually fi xed to the sacrum using permanent sutures. The 
overlying peritoneum is closed, providing coverage of the mesh. 
This procedure adds the morbidity of a laparotomy and does not 
address severe anterior and posterior wall prolapse. Nevertheless, 
it has consistent long-term cure rates of more than 90%.13,14 
Because the procedure does not require excision of the vaginal 
wall, it helps to preserve vaginal length, leading some surgeons 
to advocate the procedure as fi rst-line treatment in younger 
patients with vault prolapse who are sexually active.15,16

The major complications associated with abdominal sacrocol-
popexy are hemorrhage from the presacral veins and mesh 
erosion. Several series have reported hemorrhage rates ranging 
from 1.2% to 2.6 %.16,17 Mesh erosion is reported to occur in up 
to 5% of cases.17 A comprehensive review reported an overall rate 
of mesh erosion of 3.4%. The same review reported a 1.1% rate 
of small bowel obstruction requiring reoperation.18

Laparoscopic sacral colposuspension for apical defects has 
been described in numerous reports. It is done in a manner 
similar to the open approach, with four or fi ve ports in the lower 
abdominal wall and a sponge stick in the vagina. Long-term 
outcomes have yet to be reported, but short-term results are in 
the same neighborhood as the open approach.

Although enterocele repair has been performed for approxi-
mately a century, few long-term outcomes have been reported. 
Previous studies report 86% to 96% cure rates at 15 and 17 
months of follow-up, respectively.4,19

COMPLICATIONS

Intraoperative complications include bleeding, ureteric and 
bladder injury, and rectal injury. Ureteral injury most commonly 
occurs from placement of the purse-string or culdosuspension 
sutures. Cystoscopy after intravenous indigo carmine can estab-
lish ureteral patency. When there is lack of effl ux, passage of 
ureteral catheters can help exclude obstruction. Delayed compli-
cations include recurrent prolapse, vaginal shortening, dyspareu-
nia, ileus, and bowel obstruction.

CONCLUSIONS

The best approach to vaginal vault prolapse remains unknown. 
The surgeon’s comfort and preference and proper patient selec-
tion are essential. A prospective study of 95 patients randomized 
to abdominal or vaginal repair showed no statistical difference in 
subjective or objective success. Longer operating times and longer 
convalescence were statistically signifi cant in the abdominal 
cohort.9 The transvaginal sacrouterine fi xation for vault prolapse 
recreates the sacrouterine-ligament complex in support of the 
vaginal vault. The use of polypropylene mesh prevents levator 
descent, along with restoring the sacrouterine ligament complex 
and repairing the levator hiatus. It is a safe and effective proce-
dure for preventing and treating enterocele and vaginal vault 
prolapse.
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Chapter 69

USE OF A POSTERIOR SLING FOR 
VAGINAL VAULT PROLAPSE
Peter E. Petros

HISTORY

The fi rst posterior sling operation was performed in 1992. Ini-
tially, the operation was used only for repair of signifi cant vaginal 
vault and uterine prolapse (i.e., restoration of structure). Over 
the past 12 years, it was found that coexisting symptoms of 
abnormal emptying, nocturia, pelvic pain, urge, and frequency—
a group of symptoms now described as the posterior fornix syn-
drome1—also were being improved in approximately 80% of 
patients (i.e., restoration of function). Although the generic name 
for this procedure is infracoccygeal sacropexy,2 the operation 
is universally known as the posterior IVS or posterior sling 
operation.

RESTORATION OF STRUCTURE

Dynamic Structural Mechanism of the Uterus and 
Vaginal Vault

The uterus and vaginal vault are anchored passively by the sus-
pensory ligaments, the uterosacral ligaments (USLs) and arcus 
tendineus fasciae pelvis (Fig. 69-1), and they are anchored actively 
by the three directional muscle forces that stretch the vagina 
against these ligaments.3,4 The USLs, the apical segment of the 
vagina, rectovaginal fascia, and perineal body (see Fig. 69-1) work 
synergistically as a subsystem,3 and repair of all three is often 
required.

Fibromuscular Supports of the Uterus and Vagina
The inherent strength of the rectovaginal fascia and its backward 
stretching by the levator plate are major factors in preventing 
prolapse, which is really a form of intussusception (Fig. 69-2). 
The cervix is a key anchoring point for the pubocervical fascia 
anteriorly and the rectovaginal fascia posteriorly, and the anterior 
and posterior fascial supports may need repairing in a patient 
with uterine or vault prolapse.

Hysterectomy may weaken the fascial side wall support and 
weaken the USLs, perhaps by removing a major part of the blood 
supply. Conservation of the uterus may be important in prevent-
ing vaginal prolapse and incontinence.5

Vaginal Fascia as a Tensor of the Vagina
This concept, that vaginal fascia functions as a tensor of the 
vagina, was originally proposed by Sturmdorf in 1916,6 and it was 
confi rmed by an observational radiologic study.7 During effort, 
the rectovaginal fascia was stretched backward against the peri-
neal body and downward against the USLs to compress level 2 
(Fig. 69-3). In contrast, there is no compression of level 2 in the 

multipara with damaged tissues (Fig. 69-4), even though the 
muscles appear to be contracting normally, as evidenced by 
downward angulation of the anterior part of levator plate and 
forward movement of the distal urethra.

Compression of the vaginal canal appeared to be related to the 
angle “a” formed between the upper vagina and the horizontal at 
rest.7 When the angle was more than 45 degrees to the horizontal 
(Fig. 69-5), only 2 of 23 patients demonstrated angulation and 
compression of the vagina on straining, compared with 100% 
when the angle was less than 45 degrees to the horizontal (n = 
27). If the vaginal fascia is lax, the stretching forces (see Fig. 69-5) 
may not be able to grip, and there is no angulation or compres-
sion (see Fig. 69-4B). The damaged vaginal tissues become vul-
nerable to the forces generated by the abdomen and pelvis (see 
Fig. 69-5) to create cystocele, rectocele, and enterocele.

A short vagina may prevent angulation and compression (see 
Fig. 69-5). The vagina is a cylinder. Excising vaginal tissue during 

689

Figure 69-1 Active anchoring of the vagina, shown in a three-
dimensional sagittal view from above and behind. During effort, 
the levator plate (LP) stretches the rectovaginal fascia (RVF) 
backward against the perineal body (PB). Downward contraction of 
the longitudinal muscle of the anus (LMA) against the uterosacral 
ligaments (USL) compresses the vagina. The uterus and vaginal 
vault are anchored passively by the suspensory ligaments (USL) and 
arcus tendineus fasciae pelvis and anchored actively by the three 
directional muscle forces (labeled arrows). EAS, external anal 
sphincter; PCM, m. pubococcygeus; PRM, m. puborectalis; PS, 
pubic symphysis; PUL, pubourethral ligament; S, spine.
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surgery may shorten or narrow the vagina. It is possible to con-
clude the following from these fi ndings:

1. Vaginal tissue should be conserved wherever possible.
2. The vaginal fascia should be restored to its preoperative 

tension by approximation of the separated edges.
3. The whole system may need repair, including the USLs, 

rectovaginal fascia, and perineal body.

CORRECTIVE SURGERY

The late David Nichols stated that vaginal vault prolapse is a sig-
nifi cant longer-term complication in patients undergoing hy-
sterectomy.8 Nichols emphasized the need for axial repair, 
conservation of vaginal form and function, and the requirement 
to repair coexisting cystoceles, rectoceles, and enteroceles. The 
biomechanical rationale for this is presented in Figure 69-5.

Posterior Sling Operation

With the posterior sling operation, the aim was to create an axial 
procedure for cure of uterine and vaginal vault prolapse using 
plastic tapes to create artifi cial collagenous neoligaments. It was 
reasoned that this approach would avoid the morbidity and com-
plications associated with alternative techniques: nerve injury 
and dyspareunia with sacrospinous colpopexy, bleeding from 
sacral veins and peritoneal adhesions with abdominal sacropexy, 
and ureteric injury with the McCall culdoplasty.9

Posterior IVS Operation for Vaginal Vault Prolapse
A more evolved technique than that originally described2 for the 
posterior IVS operation is presented. Posterior IVS (i.e., infracoc-
cygeal sacropexy) reinforces the distal part of USLs and anchors 
the vaginal apex to the posterior muscles of the pelvic fl oor with 
a polypropylene tape. A full-thickness incision approximately 2.5 
to 3 cm long is made in the posterior vaginal wall just below the 
hysterectomy scar line (Fig. 69-6). Using dissecting scissors with 
the tip pressed against the vaginal skin, a channel is made in the 
direction of the ischial spine suffi cient to insert the index fi nger. 
The ischial spine is located, and the point of entry through the 
pelvic muscles for the IVS tunneler (Tyco) is determined. If an 
enterocoele is opened, it is ligated with a high purse-string 
suture.

Bilateral skin incisions 0.5 cm long are made in the perianal 
skin at the 4- and 8-o’clock positions halfway between the coccyx 
and external anal sphincter in a line 2 cm lateral to the external 

Figure 69-2 The fi bromuscular supports of the vagina. CL, cardinal 
ligament; PB, perineal body; PCF, pubocervical fascia; RVF, 
rectovaginal fascia; USL, uterosacral ligament; ut, uterine.

A B
Figure 69-3 A, Nullipara at rest. The numbers 1, 2, and 3 represent the three levels of connective tissue support for the vagina. B, Nullipara 
during straining. The vagina and rectum are stretched downward and backward by directional muscle forces (arrows). Note forward 
movement of the distal urethra. Level 2 is compressed. a, angle of the vagina compared with the horizontal; LP, levator plate; PB, perineal 
body; R, rectum; V, vagina.
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border of the external anal sphincter (Fig. 69-7). The tunneler is 
pushed 3 to 4 cm into the ischiorectal fossa, keeping the plastic 
tip parallel to the fl oor (Fig. 69-8). The index fi nger is placed into 
the tunnel created in the vagina to locate the tip of the tunneler, 
which penetrates the levator muscles 1 cm medial and dorsal to 
the ischial spine (Fig. 69-9). At this point, the tunneler is safely 
sited well away from rectum and peritoneum.

With the index fi nger continually applied to the plastic tip (see 
Fig. 69-9), the tunneler is gently inclined medially, toward the 
vaginal vault, and pushed through the incision. A rectal examina-
tion is made to ensure there has been no perforation. The insert 

is reversed. An 8-mm polypropylene tape is threaded into the eye 
of the plastic insert, bringing the tape into the perineal area. 
The procedure is repeated on the contralateral side, leaving the 
tape as a U-shaped confi guration entirely unfi xed at the perineal 
end.

A B
Figure 69-4 A, Multipara with damaged tissues. There is no angulation of the vagina around angle a. B, Multipara straining. The organs are 
directionally stretched by three forces (arrows), but level 2 is not compressed, and angle a is unchanged Notice the downward bulging of 
the vagina. a, angle of the vagina compared with the horizontal; LP, levator plate; PB, perineal body; R, rectum; V, vagina; 1, 2, and 3, 
levels of connective tissue support for the vagina.

Figure 69-5 The role of the muscle forces in angulation and 
compression of the vagina is shown in a schematic, three-
dimensional, sagittal view. The abdominal and pelvic forces (long 
arrows) act on the vagina (V) to stretch it to the V1 position, where 
it is compressed by the intra-abdominal forces.

Figure 69-6 Vaginal incision, as viewed looking into the posterior 
vaginal wall. Sc, hysterectomy scar.
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Ensuring the tape is kept fl at, the tape is sutured securely with 
interrupted 2-0 Dexon sutures to the fascia behind the hysterec-
tomy scar (Fig. 69-10), ensuring the tape is positioned well away 
from the incision to minimize erosion. The remnants of the USLs 
and attached fascia are brought across to cover the tape.

The perineal ends of the tape are pulled to full extension, cut, 
and left free without suturing. The skin incision may be sutured 
without tension or apposed with Steri-Strips. If sutures are used, 
it is advisable to remove them in 24 hours because this is usually 
the most painful part of the operation.

Posterior IVS Repair of Uterine Prolapse
In the posterior IVS repair of uterine prolapse, the principles 
followed are similar to those for the Manchester repair, and the 

Figure 69-7 Insertion of the tunneler. G, gluteus muscle; IRF, 
ischiorectal fossa; IRV, inferior rectal veins; LP, levator plate; PC, 
pudendal canal.

Figure 69-8 As the tunneler is inserted in a supine patient, it passes 
across the anterior wall of the rectum.

Figure 69-9 Perforating the pelvic muscles. The fi nger tip guides 
the tip through the tunnel to the vaginal incision. IS, ischial spine; 
PS, pubic symphysis; R, rectum; S, spine; U, urethra; USL, 
uterosacral ligament; V, vagina.

Figure 69-10 Anchoring the apex. The tape is sutured to the fascia 
of vagina (V). Fibrosis attaches the vagina to the posterior pelvic 
fl oor muscles, which contract to retain it in position. LP, levator 
plate; PB, perineal body; PM, perineal membrane; R, rectum; 
S, sacrum; 1, 2, and 3, levels of connective tissue support for the 
vagina.
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approach is combined with a posterior IVS operation. An elon-
gated cervix is amputated. An incision is made just below the 
junction of the vaginal skin to cervix and opened out. This brings 
the USLs into view. Having reconstituted the cervix, the posterior 
IVS tape is inserted. If possible, exit of the tunneler is directed 
between USLs and cervix. The tape is sutured into the USLs near 
their cervical insertion.

Posterior IVS with apical defect repair (enterocoele) follows 
the same surgical principles as vault prolapse repair. Care is taken 
to free the enterocoele suffi ciently to locate the cardinal ligaments 
and USLs. The enterocoele is not routinely opened. With a large 
prolapse, the enterocoele is dissected clear. If entered, closure is 
completed with a purse-string suture. A posterior IVS operation 
is performed, and the tape is anchored to the USLs or behind the 
hysterectomy scar. The USLs and attached fascia are approxi-
mated as described previously. Excess vaginal tissue is not excised; 
it is instead sutured down into the approximated rectovaginal 
fascia.

Rectovaginal Fascia and Perineal Body Repair
The main surgical principles include conservation of vaginal 
tissue to prevent dyspareunia and a short vagina, and avoidance 
of tension during suturing. The vagina has a visceral nerve inner-
vation, and like bowel, it is extremely susceptible to pressure. 
Laterally displaced fascia and perineal body are approximated. If 
mesh is to be used for the posterior wall, it can be set deeply 
below the vaginal epithelium by threading the tape through the 
mesh before the tape is brought through into the vagina. The 
mesh is then trimmed and left free, or sutured laterally and to 
the perineal body. Surgery on the perineal skin, which has somatic 
nerve innervation, should also be avoided. Confi ning the inci-
sions within the vaginal epithelium makes for a far less painful 
operation.

Operation Characteristics of the Posterior IVS Operation
In the fi rst reported study,2 75 patients were prospectively studied 
over 4.5 years. Preoperatively, 22 had second-degree prolapse, 45 
had third-degree prolapse, and 8 had fourth-degree prolapse. 
Recurrence rates are detailed in Table 69-1, but no further surgery 
was required in two of three recurrences. The operating time for 
the sacropexy itself was generally less than 15 minutes. Total 
operating time, including posterior vaginal repair, varied between 
25 and 50 minutes. Blood loss from the sacropexy itself was 
minimal. Mean blood loss from the posterior vaginal repair was 
120 mL (range, 20 to 800 mL); the most blood lost was in a 
patient with undiagnosed von Willebrand’s disease. No patient 
required transfusion. All 75 patients were discharged the day of 
or day after surgery without indwelling catheters. All patients 
returned to normal activities (including jobs) within 7 to 10 days, 
some within 2 to 3 days. Minor bruising was observed around 
the incisions in 10% of patients. No hematoma or postoperative 
pyrexia was reported.

Potential Complications of Posterior Sling Repair

Hematoma
Anatomically, the tunneler is inserted into the ischiorectal fossa, 
well away from the perirectal veins or the pudendal nerve. The 
blunt tip of the tunneler reduces but does not eliminate the risk 
of hematoma. Infection is rare. A hematoma from the vaginal 
repair is more likely.

Rectal Perforation by the Tunneler
Two uneventful perforations were reported in the initial series,2 
but they have not occurred since the present technique was 
adopted 4 years ago. Any perforation is extraperitoneal and 
punctate, and like a bladder perforation with the anterior sling, 
it is closed by smooth muscle contraction. If perforation occurs, 
the surgeon removes the tunneler and repeats the procedure. Any 
small injury is sutured with two sutures applied from the vaginal 
end. Fistula formation is highly unlikely and has never occurred 
in my personal series of more than 1500 cases.

Tape Erosion with Polypropylene Tapes
Tape erosion with polypropylene mesh tape may occur in 1% to 
3 % of patients, and usually occurs centrally. The erosion is 
usually a simple surfacing, or it may be a foreign body reaction. 
The latter may extend to the perineum. Both conditions are 
benign. If the tape has surfaced, it is grasped, and the vaginal 
mucosa is pushed down around it. Under tension, the eroded 
segment is trimmed with scissors pushed down below the vaginal 
mucosa. Sometimes, the segment may need excision. Deeply 
burying the tape behind the hysterectomy scar at the time of 
surgery helps reduce the erosion rate considerably (BN Farn-
sworth, personal communication, 2004). A purulent discharge at 
the perineum usually is caused by a foreign body reaction. The 
patient is afebrile, with a normal white blood cell count. Bacterio-
logic swabs generally do not grow bacteria. Sterile pus surrounds 
the whole tape, and this makes removal a simple matter of fi nding 
the vaginal sinus at the apex, grasping the tape with a hemostat, 
and pulling it out. This is simpler and more effective than attempts 
to remove it through the perineum. Clinical infection is rare and 
is accompanied by pyrexia and an increased white blood cell 
count. It is advisable to perform bacteriologic swabs to identify 
pathogenic bacteria and to treat the patient with appropriate 
antibiotics before any surgical intervention.

Total Rejection of Polypropylene Tapes
Complete tissue rejection occurs rarely with polypropylene tapes. 
The tapes are easily removed in toto by grasping the vaginal end 
and pulling gently.

Risk of Rectal Perforation During Vaginal Repair
In patients with a scarred perineum, it is critical to dissect only 
under tension to minimize the risk of rectal perforation. Finger 

Table 69-1 Cumulative Herniation Rate after Posterior IVS Operations

Condition
6 Weeks
n = 75

1 Year
n = 71

2 Years
n = 64

3 Years
n = 56

4.5 Years
n = 40

Vault prolapse 0 (0%) 2 (2.6%)  4 (5.2%)  4 (5.2%)  4 (5.2%)
Anterior wall prolapse 0 (0%) 6 (8%) 12 (16%) 12 (16%) 12 (16%)
Partial rectocele 0 (0%) 3 (4%)  3 (4%)  3 (4%)  3 (4%)
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dissection in these circumstances is especially dangerous. Hemo-
stats placed on the edge of the vagina and on the rectal wall 
adhesions are stretched so that dissection is performed under 
tension using dissecting scissors, a prerequisite to avoid rectal 
perforation. An assistant creating countertension and the opera-
tor’s fi nger in the rectum may also be helpful. If the rectum is 
perforated, the rectal wall must be mobilized suffi ciently from the 
adjacent scar tissue to facilitate a tension-free repair in at least 
two layers.

Restoration of Posterior Zone Anatomy with a Tissue 
Fixation System

The tissue fi xation system (TFS) posterior sling is a promising 
new technique, and it is similar to the McCall operation (Fig. 
69-11). It uses two small anchors attached to a strip of polypro-
pylene mesh tape as a U shape in the exact position of the USLs. 
It relies on adequate tissue for the anchor to grip. A full-thickness 
incision is made in the vaginal apex. Fine dissecting scissors 
create a 4-cm space between the vagina and USLs on both sides. 
The TFS applicator is inserted to a depth of 4 cm and set with a 
tug. This insertion is repeated contralaterally. The tape is tight-
ened and trimmed 1 to 1.5 cm from the TFS. The overlying USLs 
and fascia are approximated and the vagina sutured. There is 
minimal intraoperative bleeding and postoperative pain. Mean 
operating time is 5 to 6 minutes.

The TFS was used to treat major structural defects in 67 
patients10 (Table 69-2). The rectovaginal fascia and perineal body 
were repaired when required. Very few complications were seen 
in 67 posterior TFS operations at mean of 9 months’ review.10 In 
one patient, one half of the sling was found in the vagina covered 
by a large granuloma, with no vault prolapse and no posterior 
zone symptoms. This was attributed to surgeon error in not 
anchoring the tape suffi ciently. The prolapsed part of the sling 
was excised and the vagina sutured. It was not possible to insert 
a TFS in one patient who had previously undergone pelvic clear-
ance for extensive endometriosis. A posterior IVS operation was 
successfully performed. There was one vaginal infection after a 
standard rectocele repair. One patient reported with severe de 
novo urgency immediately after surgery. Transperineal ultra-
sound demonstrated a 2-cm–diameter hematoma at the bladder 
base. The symptoms settled within 6 weeks after the hematoma 
was absorbed.

RESTORATION OF FUNCTION

In 1993, improvement in an apparently unrelated group of symp-
toms grouped together as the posterior fornix syndrome1 was 
observed after repair of the USLs. The symptoms were urgency, 
frequency, nocturia, pelvic pain, and abnormal emptying . These 
symptoms constitute the main body of the symptoms within the 
posterior zone (Fig. 69-12). Although the concept that posterior 
zone symptoms were potentially curable surgically was initially 
controversial, there has since been a growing acceptance after 
reports by Farnsworth11 and others of up to 80% cure rates for 
urgency, nocturia, and pelvic pain after posterior IVS operations. 
Later data using the posterior TFS are presented in Table 69-3. 

Figure 69-11 Posterior tissue fi xation system, TFS viewed from 
above. The tape is placed along the exact position of the 
uterosacral ligament (USL). The arrows indicate that the remnants 
of the USL and the cardinal ligaments (CL) need to be 
approximated if the apex is wide to prevent enterocoele formation.

Table 69-2 Structural Outcome for Posterior Zone
Prolapse Repair

Operation No. of Patients Recurrences

Posterior with a tissue 
fi xation system (TFS)

67 1

Trans-TFS for rectocele  9 0
Transverse TFS plus mesh  3 0
Rectocele repair  6 0
Perineal body with a TFS  3 0
Perineal body repair 15 2

*Fourth degree (n = 2), third degree (n = 17), second degree (n = 20), 
and fi rst degree (n = 28).

Table 69-3 Symptom Outcomes for 67 Patients

Frequency
(>10/day)

Nocturia
(>2/night)

Urge Incontinence
(>2/day) Abnormal Emptying Pelvic Pain

n = 27 n = 47 n = 36 n = 53 n = 46
(63%)* (83%)* (78%)* (73%)* (86%)*
P < .005 P < .005 P < .005 P < .005 P < .005

*Symptom change with surgery (percent cure in parentheses).
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Twenty-eight of these patients had only minor posterior zone 
prolapse, Table 69-2.

Lax ligaments may cause urge, frequency, and nocturia. In the 
normal patient, the cortex coordinates urinary retention and 
micturition (Fig. 69-13).3 As the bladder fi lls, the stretch recep-
tors send afferent impulses to the cortex.12 If it is inconvenient to 
micturate, the impulses are blocked by the inhibitory centers and 
by contraction of the three pelvic muscle forces. These stretch the 
vaginal membrane like a trampoline to support the hydrostatic 
pressure of the urine, relieving the pressure on the receptors, 
thereby diminishing the afferent impulses to the cortex.

Like a trampoline with loose springs, lax ligaments may not 
allow the muscles to tension the vaginal membrane, and the 

Figure 69-12 The pictorial diagnostic algorithm summarizes the 
relationships between structural damage in the three zones of 
vaginal support and symptoms. The size of the bar gives an 
approximate indication of the prevalence (probability) of the 
symptom. The same connective tissue structures in each zone may 
cause prolapse and abnormal symptoms. B, bladder; EAS, external 
anal sphincter; PB perineal body; PCM, m. pubococcygeus; 
PRM, m. puborectalis; PS, pubic symphysis; PUL, pubourethral 
ligament; R, rectum; RVF, rectovaginal fascia S, spine; USL, 
uterosacral ligament; UT, uterus. (From Petros P: The Female 
Pelvic Floor. New York, Springer-Verlag, 2004.)

Figure 69-13 The vaginal trampoline. The vagina is suspended by 
the pubourethral ligaments (PUL), arcus tendineus fasciae pelvis 
(ATFP), and uterosacral ligaments (USL). Red arrows represent 
pelvic muscle forces. White arrows indicate the central inhibitory 
mechanism. (From Petros P: The Female Pelvic Floor. New York, 
Springer-Verlag, 2004.)

receptors (see Fig. 69-13) fi re, activating the micturition refl ex 
prematurely. The sequence of events in patients with urodynami-
cally demonstrated detrusor instability (Fig. 69-14) was similar13 
to that in normal patients about to micturate: sensory urgency, 
urethral relaxation, detrusor contraction (Fig. 69-15), and urine 
loss.14 This “premature micturition” may be symptomatically 
expressed as frequency, urgency, and nocturia. The rationale for 
surgical cure of these symptoms is that fi rm ligaments and fascia 
permit the vagina (see Fig. 69-13) to be stretched suffi ciently to 
offer support. This concept can be confi rmed as an offi ce proce-
dure using the technique of simulated operations.15 The patient’s 
bladder needs to be suffi ciently full for her to have urge symp-
toms in the supine position. In its simplest form, the vagina is 
supported below bladder base digitally, by a ring forceps, or by 
gentle compression of the vaginal tissue just behind bladder neck 
with a Littlewood forceps.

Unmyelinated nerves run along the USLs. A lax ligament may 
not be able to support these nerves, and they become subjected 
to the force of gravity. This explains the dragging nature of the 
pain experienced and symptom relief on lying down.

Compared with a normal patient at rest (Fig. 69-16), it has 
been demonstrated radiologically and electromyographically4 
that after relaxation of the forward force, the bladder base and 
urethra are pulled open (i.e., funneling), apparently by pelvic 
contraction, during micturition (Fig. 69-17). The downward 
force acts against the USLs, and lax USLs diminish the opening 
forces. As the intraurethral resistance varies inversely with the 
fourth power of the radius, failure of the pelvic muscles (see Fig. 
69-17) to open the urethra increases the resistance geometrically, 
which is perceived as obstructed micturition. For example, if 
the radius of the urethra in a normal patient (see Fig. 69-17) is 

Ch069-X2339.indd   695 1/31/2008   2:51:57 PM



696 Section 7 FEMALE ORGAN PROLAPSE

Figure 69-14 Detrusor instability: premature activation of the 
micturition refl ex, The arrows indicate synchronous pressure 
variations in the urethra and bladder. B, bladder pressure; c to c1, 
rise in detrusor pressure; CP, closure pressure; r to r1, fall in 
urethral pressure; U, urethral pressure. (From Petros P: The Female 
Pelvic Floor. New York, Springer-Verlag, 2004.)

Figure 69-15 Control of detrusor instability by stretching the 
vagina. Some seconds after the release of vaginal tension, the 
detrusor begins to contract. (From Petros P: The Female Pelvic 
Floor. New York, Springer-Verlag, 2004.)

Figure 69-16 Lateral radiograph of a normal patient at rest. Bv, 
attachment of the bladder base to the vagina; CX, cervix; LP, 
levator plate; PUL, pubourethral ligament; R, rectum; U, urethra; 
USL, uterosacral ligament; V, vagina.

R, expelling urine through a urethra which can open only to a 
radius of R/2, will require an expulsion pressure 16 times greater 
than that required for R.

CONCLUSIONS AND FUTURE DIRECTIONS

The use of posterior slings for vault and uterine prolapse repair 
is becoming well accepted. The future challenge is to explore their 
use in patients with major symptoms and minimal prolapse to 
more accurately assess which other connective tissue structures 
may contributing to dysfunction and how best to repair these 
structures.
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Figure 69-17 Lateral x-ray view of micturition in a normal patient. 
Backward and downward muscle forces (arrows) act against the 
pubourethral and uterosacral ligaments to stretch the vagina and 
bladder base to actively open the outfl ow tract. CX, cervix; LP, levator 
plate; PUL, pubourethral ligament; R, rectum; U, urethra; USL, 
uterosacral ligament; V, vagina.
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Chapter 70

TRANSVAGINAL REPAIR OF APICAL 
PROLAPSE: THE UTEROSACRAL 
VAULT SUSPENSION
Raymond T. Foster, Sr., and George D. Webster

For decades, the reconstructive treatment of uterine prolapse 
or post-hysterectomy vaginal cuff descent has included suspen-
sion of the vaginal apex. Reconstructive urologists and gynecolo-
gists have developed many techniques, including abdominal, 
laparoscopic, and vaginal routes of surgery, for the correction of 
apical descent.1 Our understanding about which technique or 
approach is superior with regard to effi cacy, safety, and durability 
is limited by a relative lack of level I evidence. Although many 
well-designed, retrospective reports (each with a large study 
population and long-term follow-up) exist to give us useful 
information about particular procedures for the correction of 
vault descent,2-17 we are still unsure which procedure is best for 
any particular patient. The techniques used to treat pelvic organ 
prolapse are largely shaped by each surgeon’s experience and 

training and not necessarily infl uenced by prospective, outcomes-
based research.

To compound the problem of sparse well-designed and exe-
cuted, randomized surgical trials, we are also handicapped by 
confounding, coexisting pelvic support problems. It is diffi cult to 
study apical prolapse in isolation, because most patients present 
for treatment with many support defects (Fig. 70-1) and associ-
ated pelvic fl oor dysfunction (e.g., urinary incontinence, defeca-
tory dysfunction, pelvic pain, diffi culty with sexual intercourse). 
We are, for example, unsure of how our choice of treatment for 
cystocele or urethral hypermobility may affect the outcome of 
our vault suspension.

Operative technique in other fi elds is often driven by an 
understanding of the cause and natural history of the surgical 
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Figure 70-1 Prolapse of the vaginal vault with associated apical enterocele. A, Vaginal vault prolapse with cystocele. B, Vaginal vault 
prolapse with a proximal rectocele.
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problem, and this often helps guide surgical therapy. Unfortu-
nately, we are still uncertain about these variables in pelvic organ 
prolapse. Bump and Norton18 have provided a useful model with 
which we can consider how prolapse develops and progresses 
(Fig. 70-2), but in their own words, the model is “based mainly 
on expert opinion and supported by limited epidemiologic and 
clinical evidence. None of the factors has been studied in a lon-
gitudinal fashion in a representative study.”

The surgical goal in treating pelvic organ prolapse is to select 
a technique that can maximize the chance of anatomic and func-
tional cure and minimize the occurrence of intraoperative injury 
or complication, but we must recognize that surgeons have pre-
ferred techniques based on training and experience. We favor a 
transvaginal surgical correction of apical prolapse, and our goal 
is to review the history of the uterosacral ligament vault suspen-
sion, a procedure that is often considered to be the gold standard 
in transvaginal surgery for apical prolapse.

HISTORY

Written history of gynecologic surgery documents that uterosac-
ral ligaments have been used in vaginal reconstructive surgery for 
at least the past century, but it is diffi cult to say who was the fi rst 
person to conceive of the importance of these structures in sup-
porting the uterus and vaginal apex. John Burns, a renowned 
Scottish anatomist and surgeon, was the fi rst person to write 
about the importance of the uterosacral ligaments. In his 1839 
book, The Principles of Midwifery including the Diseases of Women 
and Children, Burns19 wrote:

By experiments made on the dead subject, we fi nd that 
prolapsus is chiefl y prevented by the fascia passing off from 
the cavity of the pelvis to the upper part of the vagina, and 
thence refl ected to the face of the rectum. It is also prevented 
by the fascia of the outlet of the pelvis, and levator ani, which 
contribute to support the vagina.  .  .  .  The greatest aid, 

however, is afforded by the levator ani and the pelvic fascia, 
particularly that part of it which is deep in the cavity of the 
pelvis.

Burns published earlier editions to this enormously popular 
text in 1810, 1813, 1814, 1817, 1824, 1831, 1832, and 1837. In 
some earlier editions (1810 and 1813), he was discouraged that 
apical prolapse could not be created in cadavers by disrupting the 
round ligaments and applying traction to the cervix through the 
vagina, but he and his students continued their cadaver work, 
and their writings became exponentially more informed.

The fi rst mention of the use of uterosacral ligaments to 
suspend the vaginal apex as treatment for prolapse was by the 
American gynecologist Norman F. Miller, who in 1927 described 
the placement of a “no. 2 chromic catgut suture on a small full 
curved needle passed through the peritoneum and underlying 
fascial and muscular structures at the base of the sacro-uterine 
ligament, approximately 11/2 inches below the promontory of the 
sacrum.” Since this report, the use of the uterosacral ligament for 
apical prolapse has been described by other surgeons. McCall fi rst 
described his transvaginal culdoplasty technique for treating 
enterocele with associated vault prolapse in 1957.20 Lee and 
Symmonds21 published what became known as the Mayo modi-
fi cation in 1972. As vaginal surgeons made developments in the 
treatment of apical prolapse with the uterosacral ligament (among 
other attachment sites, including the iliococcygeus fascia22 and 
the sacrospinous ligament23) throughout the 20th century, paral-
lel progress was being made in the abdominal24, 25 and laparo-
scopic26 approaches to vault prolapse. In the later half of the 20th 
century, less attention was attributed to a vaginal uterosacral 
vault suspension as other techniques and approaches became 
widely used with acceptable results.

Four prominent gynecologic surgeons—Cullen Richardson 
(1923-2001), William Saye, Tom Elkins (1950-1998), and Bob 
Shull—met in Atlanta in the fall of 1992 to review videos of lapa-
roscopic support procedures and discuss surgical strategies for 
the treatment of pelvic organ prolapse (interview with B. Shull, 
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Figure 70-2 Model developed by Bump and Norton18 to propose a mechanism for the development and progression of pelvic fl oor 
dysfunction, including pelvic organ prolapse.
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2005). Richardson had previously stressed the importance of 
fi nding specifi c fascial defects and repairing them to achieve 
optimal restoration of pelvic anatomy.27 After working together, 
Richardson and Saye developed what is now known as the 
Richardson-Saye laparoscopic technique of enterocele repair and 
vault suspension, which applies the principles of site-specifi c 
repair26 to the laparoscopic approach. During their meeting in 
1992, it occurred to the assembled group that they could fi nd 
specifi c fascial defects, repair them, and resuspend the newly 
reconstructed vault to the uterosacral ligaments from a vaginal 
approach. In 2000, Shull and colleagues6 published their tech-
nique and experience with this approach in 302 consecutive 
women. With only minor modifi cations, this is the surgical tech-
nique that we now use for the transvaginal correction of apical 
prolapse, and it is this procedure that we describe in this 
chapter.

TECHNICAL ASPECTS OF THE UTEROSACRAL 
LIGAMENT VAULT SUSPENSION

We are inclined to offer transvaginal repair to most of our 
patients. In our hands, this route of surgery has been safe, effi ca-
cious, and durable.3 We have developed a bias, however, in that 
we prefer the abdominal sacral colpopexy to treat apical prolapse 
in our younger and more physically active patients. We are also 
likely to consider abdominal sacral colpopexy in patients with 
complete vaginal vault inversion.

Preoperatively, we discuss with the patient the reported inci-
dence of complications associated with such major surgery in 
general and with this technique in particular. The ureteral 
obstruction rate is between 0% and 11%.2,4-6 Intraoperative or 
postoperative blood transfusion may be required in up to 1% of 
patients.2,4-6 It is important that the patient have realistic expecta-
tions of what can be achieved and that recurrent prolapse of the 
vault or the development of other vaginal defects is not uncom-
mon. Interference with sexual function, in particular loss of 
vaginal depth and caliber, is not uncommon.

Patients are placed in the dorsal lithotomy position using 
padded, adjustable (Allen) stirrups and wearing sequential com-
pression hose. The rectum is packed with an open, wet Kerlix 
sponge to the level of the ischial spines to aid the identifi cation 
of the rectum and decrease the incidence of intraoperative injury 
during placement of the uterosacral suspensory sutures. A self-
retaining vaginal retractor (Lone Star Medical Products, Houston, 
TX) and a weighted speculum are used to obtain good visualiza-
tion. If the patient is being treated for uterine prolapse, a vaginal 
hysterectomy is performed as previously described by Lee28 with 
minor modifi cations. In patients being treated for vault descent 
alone, a silk marking suture is placed in the vaginal epithelium 
at 3-o’clock and 9-o’clock positions at the vaginal apex for later 
reference. At these positions, the surgeon usually can see an epi-
thelial dimple indicating the prior attachment point of the utero-
sacral ligaments to the vaginal cuff.

The vaginal epithelium is incised in the midline along the 
extent of the prolapsed vaginal segments. The dissecting scissors 
are used to separate the vaginal epithelium from the underlying 
pubocervical and rectovaginal connective tissues as needed to 
expose the entire fascial defect, including the enterocele sac. With 
the patient in Trendelenburg position, the enterocele sac is iden-
tifi ed and opened sharply. A wet Kerlix sponge is used to pack 
the bowel out of the operative fi eld into the upper peritoneal 

cavity. We have learned by experience to protect the posterior 
peritoneum (with an instrument such as a Breisky-Navratil 
retractor) to avoid tearing the peritoneum during the packing 
process, which invariably leads to bleeding and poor visualization 
of anatomic structures along the pelvic side wall.

For correct and safe placement of the uterosacral suspensory 
sutures, good exposure is critical. To provide adequate illumina-
tion in this deep cavity, we are accustomed to using a surgical 
headlight or a cool lighting system adherent to our retractor that 
is designed to be placed within the pelvis (LightMat surgical 
illuminator, Lumitex, Inc., Strongsville, OH). Various techniques 
have been used to expose the pelvic side wall, but we have been 
most satisfi ed using Breisky-Navratil retractors. Three Breisky-
Navratil retractors are placed anteriorly, laterally, and posteriorly 
so that the bladder, ureter, and rectum, respectively, are pro-
tected while the uterosacral ligament is easily visualized. The 
posterior retractor, placed in the angle between the packed and 
easily identifi able rectum and the pelvic side wall, can be used to 
sweep the rectum to the contralateral side during placement of 
the uterosacral suspensory suture. By placing light tension on the 
uterosacral ligament, by traction on the earlier placed silk suture 
at the dimples at the vaginal cuff, identifi cation of this ligament 
becomes much easier. A no. 1 polyglactin suture is passed through 
the uterosacral ligament medial and cephalad to the ischial spine. 
We have had excellent anatomic outcomes using a single absorb-
able suture through each uterosacral ligament, but this procedure 
has been described by others with as many as three suspensory 
sutures through each uterosacral ligament (Fig. 70-3). Tension 
placed on each uterosacral suspensory suture is used to confi rm 
placement at a sturdy location and to visualize an attachment 
point in the proximal uterosacral ligament.

After a suture has been placed through each uterosacral liga-
ment, the sutures are held with a tag for later use in suspending 
the vaginal apex. At this point, the patient is given 5 mL of intra-
venous indigo carmine dye and 5 mg of intravenous furosemide. 
The Foley catheter is removed, and a 70-degree cystoscope is 
used to inspect for spill of blue urine from each ureteral orifi ce 
while the uterosacral suspensory sutures are held on tension. If 
ureteral obstruction is suspected, the ipsilateral suspensory suture 
is released to confi rm ureteral effl ux. If necessary, the suspensory 
suture is removed and replaced in a more medial position. The 
anterior arm of each suspensory suture is passed through the 
apical portion of the pubocervical connective tissue, and the pos-
terior arm of each suture is passed through the apical portion of 
the rectovaginal connective tissue. A Mayo needle is used where 
necessary (see Fig. 70-3). Both ends of each suspensory suture are 
passed through the vaginal epithelium near the silk marking 
sutures that were placed at the outset of the procedure.

Once satisfi ed with placement of the uterosacral suspensory 
sutures, attention is directed toward site-specifi c repair of any 
remaining prolapse defects. Typically, we use an anterior colpor-
rhaphy to correct cystocele and a posterior colporrhaphy with 
or without allograft material (i.e., cadaveric dermis) to correct 
rectocele. Anterior and posterior colporrhaphy work well to 
reestablish a clearly defi ned transverse (apical) portion of the 
pubocervical and rectovaginal connective tissue. Colporrhaphy 
also aids in the preservation of acceptable vaginal length. Besides 
repair of the anterior and posterior defects, we commonly 
perform high ligation and excision of the enterocele sac using a 
2-0 polyglactin suture. If stress urinary incontinence was a pre-
operative complaint or if a positive stress test result or urody-
namic evidence of stress urinary incontinence existed with the 
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prolapse replaced, a pubovaginal sling also is performed. Sling 
tension is adjusted after the uterosacral sutures have been tied 
and after completion of the anterior repair.

The uterosacral suspensory sutures are then tied to close and 
suspend the vaginal cuff to the point of retroperitoneal uterosac-
ral ligament fi xation. The surgeon is reassured of excellent place-
ment of these sutures if the knots seat in a posterior direction 
toward the sacral hollow. Redundant vaginal epithelium (after 
associated anterior and posterior repair by fascial plication or 
allograft placement) is excised and the epithelium closed. A 
digital vaginal examination is next performed to assess the axis 
and depth of the vaginal canal (Fig. 70-4). A vaginal pack is 
placed if deemed necessary, and a digital rectal examination is 
performed at completion to confi rm the absence of suture mate-
rial in the rectal lumen.

POSTOPERATIVE CARE AND 
PATIENT INSTRUCTIONS

Although patients are able to ambulate and tolerate a diet on the 
evening of the day of surgery, we usually leave in the Foley cath-

eter in place until the morning of postoperative day 1. With few 
exceptions, we consistently use scheduled dosing of oral narcotic 
analgesics in lieu of intravenous narcotics (i.e., patient-controlled 
analgesia by intravenous morphine pump). Our typical postop-
erative pain control regimen includes a 12-hour dosing schedule 
of controlled-release oxycodone combined with a 6-hour dosing 
schedule of intravenous ketorolac or oral ibuprofen. Anecdotally, 
we observe less postoperative nausea, pruritus, and respiratory 
depression when we avoid using narcotics through an intrave-
nous pump.

On the morning of postoperative day 1, the nursing staff 
is instructed to fi ll the patient’s bladder with 300 mL of fl uid 
(i.e., normal saline or sterile water) through the Foley catheter. 
The Foley catheter is removed, and the patient is instructed 
to void. The amount of urine voided is measured. If the postvoid 
residual urine volume exceeds the amount voided, the 
patient is sent home with instructions to do self-catheteriza-
tion as necessary; patients are taught how to perform self-
catheterization preoperatively. If the patient can spontaneously 
empty more than 50% of the total bladder contents, she is 
dismissed without an indwelling catheter or self-catheterization 
program.

PS B

PCF

AD

RVF

R

USL

Double–Armed Suture Through Pubocervical Fascia
Retrovaginal Fascia, and Left Uterosacral LigamentA

Figure 70-3 A and B, By passing one end of the each uterosacral suspensory suture through the apical (transverse) portion of the 
pubocervical connective tissue and the opposite end through the apical (transverse) portion of the rectovaginal connective tissue, the 
surgeon can elevate the vaginal cuff and reapproximate the endopelvic fascia simultaneously with two or more such sutures.
AD, Apical Defect; B, Bladder; PCF, Pubocervical Fascia; USL, Uterosacral Ligament.
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We use printed discharge instructions that outline answers to 
common questions patients have in the postoperative period. 
The instruction sheet covers postoperative activity level (we dis-
courage heavy lifting and straining for 90 days), constipation 
management, bathing, driving, vaginal bleeding, catheter program 
parameters, and other areas of interest and frequent concern to 
our patients. Patients usually are followed in the clinic after 
vaginal reconstructive surgery at 6 weeks, 6 months, and 1 year 
postoperatively. We typically allow patients to resume intravagi-
nal intercourse and employment activities after the fi rst post-
operative visit. At the 6-month and 1-year postoperative visit, 
we reassess the patient’s pelvic support using the Pelvic Organ 
Prolapse Quantifi cation (POP-Q) scoring system.29 The POP-Q 

score is compared with our preoperative evaluation so that we 
can assess the effi cacy and durability of surgery.

CONCLUSIONS AND FUTURE DIRECTIONS

Transvaginal suspension of the vaginal vault to the uterosacral 
ligament for the treatment of apical prolapse is a safe, effi cacious, 
and durable procedure.2-6 Although reports have been published 
comparing the treatment of apical prolapse using the vaginal 
and abdominal approaches with mixed outcomes,30,31 we believe 
that in our hands, transvaginal surgery affords most patients 

B

Figure 70-3 cont’d
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the best chance of cure with the least morbidity and shortest 
convalescence.

The care of patients with prolapse will continue to evolve as 
our understanding of the natural history of this disease becomes 
more informed. Pelvic organ prolapse, including apical prolapse, 
is a widespread problem among women in the United States and 
abroad. The lifetime risk for pelvic organ prolapse surgery in 
women is reported to be more than 11%.32 Pelvic organ prolapse 
often coexists with urinary and fecal incontinence, sexual dys-
function, and defecatory dysfunction.

Despite myriad procedures to correct the anatomic circum-
stances arising with pelvic organ prolapse, there is often poor 
correlation between the anatomic and functional outcomes of 
surgery. The best operation designed to restore normal pelvic 
anatomic relationships can leave women with suboptimal func-
tional outcomes. The best therapies therefore are measures taken 
to prevent prolapse in asymptomatic women.

The most effi cient way to employ preventive measures is to 
identify women at risk and intervene in that group of patients. 
Little has been written about the epidemiology of pelvic fl oor 
dysfunction, including pelvic organ prolapse.29 Our current 
understanding of the development of prolapse correlates this 
problem with risk factors that include vaginal parity, age, race, 
obesity, and chronic constipation.

Pelvic organ prolapse, urinary incontinence, and fecal incon-
tinence have been associated with denervation injury of the pelvic 

fl oor muscles during vaginal childbirth.33 Vaginal childbirth 
may be a time in the early stages of the natural history of pelvic 
organ prolapse when intervention could signifi cantly prevent 
prolapse later in life. Some have advocated elective cesarean 
section as an intervention. It may be possible, however, to treat 
nerves damaged during vaginal childbirth so that denervation 
of the pelvic fl oor may be minimized or eliminated. We are 
involved in ongoing research with the squirrel monkey model of 
pelvic organ prolapse to defi ne the role of parturition-induced 
nerve injury and to eventually propose pharmacologic interven-
tion that would decrease the risk of permanent nerve injury 
after pelvic fl oor trauma, such as that incurred during vaginal 
childbirth.

Until the results of research in humans and animal models 
are available to help us understand the cause of prolapse, we 
will continue to treat prolapse with conservative, nonsurgical 
techniques and with invasive procedures designed to provide 
anatomic and functional cure. The procedure described in 
this chapter has a reported effi cacy between 87%6 and 100%,5 
with patients followed for up to 4 years. The morbidity and 
postoperative recovery associated with the transvaginal utero-
sacral vault suspension is acceptable and satisfying to surgeons 
and patients. We believe that this particular procedure will con-
tinue to be the gold standard for the treatment of apical prolapse 
in the hands of experienced vaginal surgeons for many years to 
come.

PS

B

PCF

USL

R

RVF

Suspension of Pubocervical
and Rectovaginal Fascia to
Uterosacral Lgaments

Figure 70-4 At the conclusion of the procedure, a digital vaginal examination is performed to assess the vaginal axis and depth. B, Bladder; 
PCF, Pubocervical Fascia; R, Rectum; RVF, Rectovaginal Fascia; USL, Uterosacral Ligament.
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Chapter 71

VAGINAL HYSTERECTOMY IN THE 
TREATMENT OF VAGINAL PROLAPSE
Christopher M. Rooney and Mickey M. Karram

Hysterectomy continues to be one of the most commonly per-
formed surgical procedures in the United States, second only to 
cesarean section. Approximately 800,000 hysterectomies are per-
formed annually in the United States.1 According to the National 
Center for Health Statistics, 3,525,237 hysterectomies were per-
formed in the United States between 1994 and 1999, at a rate of 
5.5 per 1000 women. The most common indication for hysterec-
tomy continues to be uterine leiomyoma, accounting for approx-
imately 38% of all hysterectomies. Endometriosis accounts for 
18% of all hysterectomies, followed by uterine prolapse (16%) 
and endometrial hyperplasia (4%).1 As the population of women 
older than 65 years continues to rise, the practitioner can antici-
pate an increase in the number of women presenting with these 
indications.2 Most hysterectomies are performed by the abdomi-
nal route, with the rate of vaginal hysterectomy remaining stable 
over the past several decades.1 Vaginal hysterectomy in the appro-
priately selected patient has been reported to result in a shorter 
hospital stay, less operative blood loss, and less postoperative 
pain compared with the abdominal route of hysterectomy. 
Patients presenting for evaluation and surgical correction of 
pelvic organ prolapse are particularly appropriate candidates for 
vaginal hysterectomy.

ANATOMY OF PELVIC SUPPORT

Normal pelvic support is a complex interaction between the mus-
cular and fascial structures that line the pelvic cavity, collectively 
known as the pelvic fl oor. The levator ani complex (i.e., coccyg-
eus, iliococcygeus, and pubococcygeus) stretches from the coccyx 
to the symphysis pubis anteriorly in the erect woman. Laterally, 
the levator complex attaches to the arcus tendineus fasciae pelvis 
(“white line”). The arcus tendineus fasciae pelvis extends from 
the symphysis pubis to the ischial spines bilaterally. The levator 
ani complex is typically described in two parts: the diaphragmatic 
portion (i.e., coccygeus and iliococcygeus) and the pubovisceral 
portion (i.e., pubococcygeus). The coccygeus muscles run 
bilaterally from the sacrum and coccyx to the ischial spines 
and are associated with the sacrospinous ligaments. The iliococ-
cygeus muscles pass laterally from the symphysis pubis to the 
arcus tendineus fasciae pelvis, where they attach and turn medi-
ally to join the coccygeus at the coccyx, forming the levator plate. 
The pubovisceral portion, or pubococcygeus, is associated with 
the puborectalis, arising from the posterior surface of the sym-
physis pubis and extending back to the ventral surface of the 
coccyx.3

Normal pelvic support is provided by the pelvic fl oor and by 
the connective tissue attachments. The pelvic organs rest on the 
pelvic fl oor and are stabilized by the connective tissues. In 1992, 

DeLancey described the stabilization of the vagina in levels. Level 
1 support is derived from the cardinal-uterosacral complex and 
is responsible for holding the upper vagina and cervix in a supe-
rior position in relation to the genital hiatus. Level II support is 
responsible for lateral support of the midvagina to the arcus 
tendineus fasciae pelvis. Level III support is responsible for distal 
support of the lower vagina by means of connections to the peri-
neal body and perineal membrane4 (Fig. 71-1).

PELVIC ORGAN PROLAPSE

The cause of pelvic organ prolapse is multifactorial. Uterovaginal 
prolapse results from damage to the cardinal-uterosacral complex, 
or level I support.5 The uterus and upper vagina normally lie over 
the pelvic fl oor and are directed to the hollow of the sacrum. 
Increased intra-abdominal pressure is directed toward the levator 
ani complex. Attenuation of the levator ani complex may result 
in inadequate support to the overlying pelvic organs. Such atten-
uation may be the result of childbirth and some connective tissue 
disorders. Conditions or maneuvers that result in repeated 
increases in intra-abdominal pressure may lead to attenuation of 
the pelvic fl oor and aggravate pelvic organ prolapse. These con-
ditions may include occupations that require heavy lifting or 
medical conditions such as chronic constipation resulting in 
excessive straining or chronic obstructive pulmonary disease 
with chronic coughing.

Age also has been implicated as an etiologic factor in pelvic 
organ prolapse. Age is widely accepted to be associated with 
decreased muscle tone and decreased quality of underlying fi bro-
blasts and collagen fi bers, both of which can aggravate the under-
lying prolapse. Postmenopausal women who are not receiving 
hormone replacement therapy may also present with signs and 
symptoms of pelvic organ prolapse.

PELVIC ORGAN PROLAPSE

Diagnosis

Patients with uterovaginal prolapse may present with a multitude 
of symptoms. A carefully tailored history and physical examina-
tion are important in gaining insight into the complaint and any 
affect on the patient’s quality of life. Patients may present with a 
vaginal mass, sometimes described by them as a bulge. They may 
complain of pelvic pain, pressure, or dyspareunia. Patients may 
describe urinary urgency or frequency or incontinence. In cases 
of severe prolapse, patients may complain of urinary retention, 
because of the effect of the prolapse on the anatomy of the lower 
urinary tract. The typical patient describes symptoms that are 
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worse with standing or activity and that improve on assuming 
a supine position. If the diagnosis of pelvic organ prolapse is 
obscure, it is important to consider performing the examination 
of the patient at the end of the day, when the prolapse is likely to 
be at its worst.

Physical Examination

The result of physical examination remains one of the most 
important pieces of information in the evaluation of pelvic 
organ prolapse. The diagnosis of uterovaginal prolapse is con-
fi rmed by signifi cant descensus of the uterus on pelvic examina-
tion. A bimanual examination is important to ascertain the 
size and mobility of the uterus and any underlying pathology 
such as uterine leiomyoma or adnexal masses. The caliber of 
the genital hiatus is measured to predict the success of a vaginal 
hysterectomy. The coexistence of anterior or posterior vaginal 
wall prolapse should be determined. In our experience, it is 
advisable to evaluate the patient with uterovaginal prolapse 
in the supine and standing positions. The patient should be 
examined with an empty bladder because the prolapse may 
not be fully appreciated in the presence of a subjectively full 
bladder.6 It is important to evaluate for the sign of stress incon-
tinence with the bladder full and the prolapse reduced to its 
normal anatomic location to exclude potential or occult stress 
incontinence.

Classifi cation

The severity of pelvic organ prolapse is described to standardize 
fi ndings among examiners. For decades, the Baden-Walker 
system was used to describe the presence of pelvic organ pro-
lapse.7 The Baden-Walker system, still in use today, is also known 
as the halfway system. It involves description of the most depen-
dent position of the pelvic organs during a maximum Valsalva 
maneuver or during standing in relation to the hymenal ring 
(Table 71-1).

In 1996, Bump and colleagues8 standardized the terminology 
of female pelvic organ prolapse for the International Continence 
Society (ICS). The Pelvic Organ Prolapse Quantifi cation (POP-
Q) system involves measurement of six anatomic points (in cen-
timeters) in relation to the hymenal ring, as well as the genital 
hiatus, perineal body, and total vaginal length. The hymenal ring, 
defi ned as zero, is chosen as the reference point because it is a 
fi xed anatomic point from which interobserver variability can be 
standardized. Prolapse distal to the hymenal ring is described in 
positive centimeters from the hymenal ring. Prolapse proximal 
to the hymenal ring is defi ned in negative centimeters from the 
hymenal ring. The six anatomic points can be divided into two 
points on the anterior vaginal wall (Aa and Ba), two points on 
the posterior vaginal wall (Ap and Bp), and two points in the 
superior vagina (C and D) (Fig. 71-2).

The genital hiatus (gh) is measured from the posterior four-
chette to the middle of the urethral meatus. The perineal body 

Ischial spine and
sacrospinous
ligament

I

II
III

Levator ani

Level I

Level II

III
Pubocervical
fascia

Rectovaginal
fascia

Figure 71-1 Levels of support of the upper and middle vagina. Level I support represents the apical support of the vagina by means of the 
uterosacral-cardinal complex. Level II support represents the lateral support of the vagina by means of attachments to the arcus tendineus 
fasciae pelvis. (From DeLancey JOL: Anatomic aspects of vaginal eversion after hysterectomy. Am J Obstet Gynecol 166:1717, 1992.)
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(pb) is measured from the posterior fourchette to the middle of 
the anus. Total vaginal length (tvl) is measured with point C and 
point D reduced to their normal anatomic positions.

Table 71-2 represents the stages of pelvic organ prolapse as 
defi ned by the POP-Q system. Because of the use of measure-

ments revolving around fi xed anatomic landmarks, the POP-Q 
system is a much more precise method of defi ning pelvic organ 
prolapse compared with previous systems. Interexaminer vari-
ability is markedly reduced, which is important for clinical stan-
dardization and for the purposes of research.

VAGINAL HYSTERECTOMY AND 
RELATED PROCEDURES

Indications

The most frequent indication for hysterectomy is the leiomyo-
matous uterus. Patients with uterine fi broids may complain of 
pelvic pain or pressure. Other patients may complain of low back 
pain or urinary symptoms. Dysfunctional uterine bleeding is a 
common complaint of the woman with uterine fi broids. The 

Figure 71-2 Six anatomic sites (points Aa, Ba, C, D, Bp, and 
Ap), the genital hiatus (gh), perineal body (bp), and total 
vaginal length (tvl) are used to describe the degree of pelvic 
organ prolapse. (From Bump RC, Mathiason A, Bo K, et al: 
The Standardization of Terminology of Female Pelvic Organ 
Prolapse and Pelvic Floor Dysfunction. Am J Obstet Gynecol 
175:10, 1996.)

Table 71-1 Baden-Walker Classifi cation of 
Pelvic Organ Prolapse

Cystocele First degree: Anterior vaginal wall and 
bladder descend halfway to the hymen.

Second degree: Anterior vaginal wall and 
bladder descend to the hymenal ring.

Third degree: Anterior vaginal wall and 
bladder are outside the hymen.

Uterine or 
vaginal vault 
prolapse

First degree: Cervix or vaginal apex 
descends halfway to the hymen.

Second degree: Cervix or vaginal apex 
extends to the hymen or over the 
perineal body.

Third degree: Cervix and uterine corpus 
extend beyond the hymen, or the 
vaginal vault is everted and protrudes 
beyond the hymen.

Rectocele First degree: Posterior vaginal wall 
descends halfway to the hymen.

Second degree: Posterior vaginal wall 
descends to the hymen.

Third degree: Posterior vaginal wall 
extends beyond the hymen.

Enterocele Presence of the enterocele sac, relative to 
the hymen, should be described 
anatomically, with the patient in the 
supine and standing positions during a 
Valsalva maneuver.

Table 71-2 Stages of Pelvic Organ Prolapse

Stage 0 No evidence of pelvic organ prolapse. Points Aa, 
Ba, Ap, and Bp are all defi ned at −3 cm. Points 
C and D are located within 2 cm of the tvl (i.e., 
≤ tvl − 2 cm).

Stage 1 Most distal portion of the prolapse is > 1 cm above 
the level of the hymen (i.e., ≤ 1 cm).

Stage 2 Most distal portion of the prolapse within 1 cm of 
the hymenal ring, proximal or distal (i.e.,  ≥ −1cm 
but ≤ +1 cm)

Stage 3 Most distal portion of the prolapse is more than 
1 cm distal to the hymenal ring but not more 
than 2 cm less than the tvl (i.e.,  > +1 cm but 
not more than tvl − 2 cm).

Stage 4 Complete eversion of the tvl

tvl, total vaginal length.
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patient with symptomatic uterine fi broids is a safe candidate for 
vaginal hysterectomy assuming the uterus is mobile and the total 
uterine size is less than 12 weeks’ gestational size.9

Vaginal hysterectomy is particularly appropriate for the 
patient with symptomatic uterine prolapse when additional 
pelvic reconstruction may be indicated. These patients rarely 
present with isolated uterine prolapse, often having coexistent 
prolapse of the anterior or posterior vaginal walls, requiring a 
tailored and thoughtful pelvic reconstruction. Other indications 
for vaginal hysterectomy include adenomyosis, pelvic pain, and 
endometrial hyperplasia.

Contraindications

With an appropriate understanding of pelvic anatomy, the expe-
rienced surgeon encounters few contraindications to the vaginal 
route of hysterectomy. Even the large fi broid uterus can be 
removed vaginally in the hands of a skilled surgeon. Uterine 
immobility can make a vaginal hysterectomy diffi cult if abdomi-
nopelvic adhesions or scarring are present. A narrow, or stenotic, 
vaginal introitus can complicate removal of the uterus vaginally, 
and consideration should be given to an abdominal approach in 
this case. Selected cases of endometriosis are a contraindication 
to the vaginal route of hysterectomy. In 1995, Kovac10 assigned 
617 women to abdominal, vaginal, or laparoscopically assisted 
vaginal hysterectomy based on uterine size and risk factors sug-
gesting pelvic disease. In his series, 548 women were able to 
undergo successful vaginal hysterectomy. In the case of laparo-
scopically assisted vaginal hysterectomy, all but 2 of the 63 cases 
could have undergone successful vaginal hysterectomy based on 
laparoscopic fi ndings. In his series, Kovac reported a 99.5% 
success rate for the vaginal route of hysterectomy using the tech-
niques of morcellation, bivalving, and uterine coring (discussed 
later).10 The suspicious adnexal mass and high-grade endometrial 
carcinoma present absolute contraindications to the urogyneco-
logic surgeon. In some cases, low-grade endometrial carcinoma 
may be managed with a vaginal hysterectomy.

Technique

For a simple vaginal hysterectomy, after the patient is in the 
operating suite, anesthesia is administered. The patient is then 
appropriately placed in the dorsal lithotomy position. We prefer 
the use of candy cane stirrups. A careful examination of the 
anesthetized patient is performed to confi rm the fi ndings of 
the previous examination. The patient is then prepared using a 
povidone-iodine solution or chlorhexidine gluconate and is 
draped in the usual fashion. The bladder is allowed to drain 
after placement of a 16-Fr, 5-mL Foley catheter. After complete 
drainage, the catheter is clamped using a Kelly clamp.

Simms retractors are used to retract the anterior and posterior 
vaginal walls to fully visualize the cervix. The cervix is then 
grasped at the 3-o’clock and 9-o’clock positions with single-tooth 
tenaculums. The uterus is mobilized downward toward the 
introitus by traction on the tenaculums. Careful attention is paid 
to the location of the bladder. A solution of 1% lidocaine with 
epinephrine is then injected into the cervicovaginal junction in a 
circumferential fashion. The injection solution serves two pur-
poses. First, it aids in hydrodissection, allowing the appropriate 
plane to be entered more effi ciently. Second, the injection solu-
tion results in vasoconstriction, which facilitates visualization 
because of decreased operative blood loss.

An incision is made from the 9-o’clock position anteriorly 
to the 3-o’clock position. A similar incision is made posteriorly 
around the cervix (Fig. 71-3). Appropriate traction is applied to 
the cervix in the direction opposite the incision to facilitate sepa-
ration of the underlying cervical stroma from the overlying 
vaginal wall. Side wall retractors are used by the assistants to aid 
in visualization. The full-thickness vaginal mucosa is dissected off 
of the underlying connective tissues using curved Mayo scissors. 
A right angle Heaney retractor or Deaver retractor can be used 
to retract the anterior vagina away from the underlying cervix to 
correctly identify the plane of cleavage. Posteriorly, a similar dis-
section is undertaken, completely separating the full thickness 
posterior vaginal mucosa from the overlying cervix (Fig. 71-4). 
After the peritoneum of the posterior cul-de-sac can be palpated, 
a posterior colpotomy is performed, and entrance into the peri-
toneal cavity is confi rmed using a fi nger (Fig. 71-5). A right-angle 
Heaney retractor is used to defl ect the rectosigmoid colon away 
from the operative fi eld.

Assuming the bladder has been suffi ciently mobilized cepha-
lad, the uterosacral ligaments can be secured to release the natural 
pelvic support of the cervix. We prefer the latter method because 
release of the uterosacral attachments facilitates anterior dissec-
tion (Fig. 71-6). Care must be taken to adequately retract the 
bladder away from the clamps. Heaney clamps are used to secure 
the uterosacral ligaments, incorporating the posterior perito-
neum. The Heaney clamps are rotated laterally so that the tips of 

Figure 71-3 Using a scalpel, the initial incision begins 
circumferentially at the refl ection of the vaginal mucosa and the 
cervix.
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the clamp are almost perpendicular with the plane of the cervix. 
The results in shortening of the uterosacral ligaments and helps 
avoid injury to the bladder and ureters laterally. The uterosacral 
ligaments are then released from the uterus using Mayo scissors. 
The pedicles are then secured using a suture ligature of a 1-0 
absorbable suture. At this point, attention is turned anteriorly. 
The full-thickness vagina is separated from the underlying cervix 
with the Mayo scissors. The dissection ultimately leads to the 
vesicouterine space (Fig. 71-7). A history of cesarean section may 
lead to scarifi cation. Elevating the cesarean scar with forceps 
allows the surgeon to separate the scar from the underlying lower 
uterine segment. In this fashion, the vesicouterine space is 
entered. A right-angle Heaney retractor or Deaver retractor is 
then used to defl ect the bladder anteriorly to identify the vesico-
uterine fold. The vesicouterine fold can be visualized as a semi-
lunar, white line. The vesicouterine fold is then elevated, and the 
peritoneum is incised below the level of the forceps with Mayo 
scissors (Fig. 71-8). Entrance into the anterior cul-de-sac is con-
fi rmed by palpation. A retractor is used to defl ect the bladder 
away from the surgical fi eld.

Lateral dissection using Mayo scissors aids in separation of the 
vaginal wall from the cervix. Heaney clamps are then used to 
secure the uterine vessels bilaterally as they run in the cardinal 
ligament. The pedicles are released from the uterus and secured 
using a 1-0 absorbable suture. We prefer to use a suture ligature, 
incorporating the previous uterosacral ligament pedicle. With 
this technique, the dead space between pedicles is obliterated, 
preventing tearing of tissue and bleeding from the small cervical 

Figure 71-4 Posteriorly, the full-thickness vaginal mucosa is sharply 
or bluntly dissected from the cervix.

Figure 71-5 The posterior cul-de-sac is sharply entered using Mayo 
or Metzenbaum scissors.

Figure 71-6 The uterosacral ligaments are clamped to gain access 
to the vesicouterine space.
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branches (Fig. 71-9). The cardinal ligament is secured in succes-
sive bites as previously described, ensuring that the anterior peri-
toneum and posterior peritoneum are incorporated. This 
technique fuses the anterior and posterior leaves of the broad 
ligament, preventing extensions of the peritoneal incisions into 
the vasculature of the broad ligament. Care must be taken to 
clamp medial to the previous pedicle to avoid ureteral injury. 
With adequate descensus, the fundus of the uterus is reached. An 
adequate examination should be performed to exclude pelvic 
adhesions or abnormal pathology. The utero-ovarian ligaments 
are then clamped with Heaney clamps (Fig. 71-10). The surgeon 
must proceed with caution to avoid bowel injury. The pedicles 
are released from the uterus using Mayo scissors. The uterine 
specimen is then submitted for pathologic analysis. The utero-
ovarian pedicles are secured fi rst using a free tie of a 1-0 absorb-
able suture, followed by a distal suture ligature of a 1-0 absorbable 
suture.

At this time, all of the pedicles are inspected for hemostasis. 
Packing the bowel with moist tail sponges or the use of a sponge 
stick can aid in visualization. The ovaries should be palpated to 
look for abnormal pathology.

Managing the Adnexa

The decision to proceed with vaginal oophorectomy at the time 
of hysterectomy is a controversial topic and should involve a 
thoughtful preoperative discussion with the patient. The indica-
tions for vaginal oophorectomy should be similar to the indica-

tions for oophorectomy at the time of abdominal hysterectomy. 
After vaginal hysterectomy, the ovaries are not as accessible, 
leading to a more technically diffi cult procedure than oophorec-
tomy at the time of abdominal hysterectomy.11 However, adher-
ing to the surgical principles of mobilization and adequate 
visualization can lead to successful adnexectomy in more than 
90% of cases, without increased morbidity.12

At the start of the procedure, the adnexa are identifi ed. Using 
gentle traction on the round ligaments often affords the surgeon 
adequate visualization. Alternatively, a Babcock clamp can be 
used to grasp the adnexa, which are then brought into the surgi-
cal fi eld. A fi nger can be used to palpate the ipsilateral ureter 
through the broad ligament. A curved clamp, such as a Heaney 
or Satinsky vascular clamp, can be used to clamp across the 
infundibulopelvic ligament (Fig. 71-11). Care should be taken to 
clamp as close to the ovary as possible to avoid ureteral injury. 
After adnexectomy, we prefer to secure the infundibulopelvic 
ligament with a free tie of 1-0 Vicryl, followed by a transfi xion 
suture of 1-0 Vicryl placed distal to the free tie. The pedicle 
should be held until adequate hemostasis has been ensured to 
avoid retraction of an inadequately secured infundibulopelvic 
ligament high into the pelvis.

Vaginal Vault Suspension

After vaginal hysterectomy, the cul-de-sac should be routinely 
evaluated to determine if an enterocele coexists. Based on the size 
of the enterocele and the degree of vault prolapse, the appropriate 

Figure 71-7 The anterior vaginal wall is dissected from the cervix 
using Mayo or Metzenbaum scissors. This plane will ultimately lead 
to the vesicouterine space.

Figure 71-8 The vesicouterine fold is elevated and entered sharply 
using Metzenbaum scissors.
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procedure to obliterate the cul-de-sac and support or suspend 
the vaginal apex can be determined.

With the bowel packed away using moist tail sponges and the 
patient in a slight Trendelenburg position, an assessment can be 
made about the presence or absence of an enterocele by simple 
digital palpation of the posterior cul-de-sac. An identifi able 
pocket confi rms the presence of an enterocele and determines the 
need for excision of redundant peritoneum and posterior vaginal 
wall. Subsequently, the excess vaginal mucosa and peritoneum 
may be removed in a wedgelike fashion using Mayo scissors or 
Bovie cautery (Fig. 71-12). Allis clamps are then used to grasp 
the peritoneum and corresponding vaginal mucosa at the 5-
o’clock and 7-o’clock positions. Outward traction and elevation 
of the Allis clamps at a 45-degree angle in relation to the patient 
allow the surgeon to palpate the uterosacral ligaments coursing 
back toward the sacrum. With the same fi nger, the surgeon can 
palpate the position of the ipsilateral ureter in relation to the 
uterosacral ligament. The ureter can be found ventral and lateral 
to the ischial spine.

The McCall culdoplasty was fi rst described in 1957 by Milton 
McCall. In the initial description, McCall used several non-
absorbable sutures to plicate the uterosacral ligaments in the 
midline, incorporating the intervening, redundant peritoneum. 
This resulted in effective obliteration of the posterior cul-de-sac. 
External absorbable, McCall sutures were placed through the 
full-thickness vagina, incorporating the ipsilateral uterosacral 
ligament and intervening peritoneum before crossing the midline 
and incorporating the contralateral uterosacral ligament and 
passing back through the full-thickness vagina (Figs. 71-13 and 

Figure 71-9 Proper technique for clamping the uterine vessels. The vascular pedicle is suture ligated to the previously ligated pedicle. This 
technique ensures that the dead space between pedicles is obliterated and guards against bleeding from small cervical branches.

Figure 71-10 A fi nger is placed behind the utero-ovarian pedicle to 
prevent injury to the hollow viscus or other structures while the 
pedicle is cut with scissors.
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Figure 71-11 The infundibulopelvic ligament is secured using a 
curved Haney or Satinsky vascular clamp. The pedicle is secured 
fi rst using a free tie of a =0 absorbable suture followed by a suture 
ligament.

Figure 71-12 A fi nger in the posterior cul-de-sac can be used to 
confi rm the presence of an enterocele. The redundant wedge of 
posterior vaginal wall and peritoneum can then be excised.

Figure 71-13 The technique of McCall culdoplasty. Two internal 
sutures (permanent) and two external sutures (absorbable) have 
been placed.

71-14). After tying the external McCall sutures, cystoscopy is 
performed to confi rm ureteral patency.

Some patients have more advanced vaginal vault prolapse. In 
these cases, it may be appropriate to perform a more formal 
vaginal vault suspension, such as a sacrospinous fi xation, high 
uterosacral ligament suspension, or iliococcygeus suspension.

To more adequately reestablish level I support, a high utero-
sacral ligament suspension can be performed. The bowel is 
packed away as previously described, and a Heaney retractor is 
used to lift the bowel out of the posterior cul-de-sac. Traction on 
the previously placed Allis clamps enables palpation of the rem-
nants of the uterosacral ligaments. For the right-handed surgeon, 
the left index fi nger is used to defl ect the sigmoid colon medially. 
As the assistant places traction on the patient’s left uterosacral 
ligament, the surgeon places a fi gure-of-eight 1-0 absorbable 
suture through the left uterosacral ligament (lateral to medial) at 
the level of the ischial spine. With traction on the fi rst suture, the 
surgeon then places a second fi gure-of-eight 1-0 absorbable 
suture through the left uterosacral ligament approximately 1 cm 
proximal to the fi rst suture. This throw is higher and slightly 
more medial than the fi rst suture because of the natural course 
of the uterosacral ligament. A similar procedure is performed on 
the opposite site, with careful attention to the location of the 
ureter. These four sutures are tagged and held. We prefer to use 
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Figure 71-14 Cross section of the upper vagina before and after 
the McCall sutures have been tied down toward the hollow of the 
sacrum.

1-0 nonabsorbable sutures to obliterate the posterior cul-de-sac 
by plicating the distal portions of the uterosacral ligaments across 
the midline. The nonabsorbable sutures are then tied down, 
obliterating the posterior cul-de-sac. At this point, it is essential 
to confi rm ureteral patency by cystoscopy after administration of 
intravenous indigo carmine.

In the absence of anterior or posterior vaginal wall prolapse, 
the high uterosacral ligament suspension sutures are passed out 
through the full-thickness vagina. The bowel packing is removed, 
and the vaginal cuff is closed using interrupted fi gure-of-eight 
1-0 absorbable sutures in a transverse or longitudinal fashion. If 
an anterior repair is needed, the cuff is usually closed after the 
colporrhaphy. After hemostasis is confi rmed, the vaginal mucosa 
is pushed toward the hollow of the sacrum, around the vault 
suspension sutures. The suspension sutures are then tied down. 
Examination should allow 2 fi ngerbreadths to be comfortably 
passed through the vaginal introitus toward the vaginal apex. The 
ultimate vaginal length should be a minimum of 8 cm.

THE DIFFICULT VAGINAL HYSTERECTOMY

Vaginal hysterectomy can be complicated in the face of pelvic 
fl oor relaxation or coexistent pelvic pathology.

Complete Uterine Procidentia

The technical aspects of vaginal hysterectomy in the patient with 
complete procidentia are the same as those for the simple vaginal 
hysterectomy. However, a careful preoperative evaluation must 
be performed to determine whether the prolapse represents a 
true procidentia or an elongated cervix. Severe descensus of the 
uterus in the case of procidentia results in anatomic distortion of 
the entire pelvis. The surgeon must remember that the course of 
the ureters is likely distorted in the wake of chronic traction 
associated with a large cystocele.

If it is determined preoperatively that the prolapse represents 
a severely elongated cervix with the uterus in a normal anatomic 
location, the surgeon must be careful not to amputate the cervix 
prematurely, because this will complicate the remainder of the 
procedure. Alternatively, the surgeon should take successive 
extraperitoneal bites until the anterior and posterior peritoneal 
refl ections are reached (Fig. 71-15). After the anterior and pos-
terior cul-de-sacs have been entered, the vaginal hysterectomy 
proceeds in a normal fashion.

Narrow Vaginal Introitus

A lack of uterine descensus or a narrow vaginal introitus, par-
ticularly in a nulliparous patient, are not contraindications to 
the vaginal route of hysterectomy. A thorough examination 
under anesthesia should be performed to determine the size and 
mobility of the uterus to assess the feasibility of a successful 
vaginal hysterectomy. A relaxing episiotomy may be necessary 
to afford the surgeon more room in the pelvis. If necessary, 
the surgeon may use a Schuchardt incision, which is made into 
the lateral vaginal wall and carried down to the perineal body. 
The Schuchardt incision resembles a sulcal tear after an operative 
vaginal delivery. These techniques alter the integrity of the 
perineal muscles and the levator muscles. The surgeon must 
ensure that normal anatomy has been restored after vaginal 
hysterectomy.

Obliterated Vesicouterine Fold

A history of multiple cesarean sections or endometriosis may 
complicate vaginal hysterectomy by obliterating the vesicouter-
ine fold. As long as the bladder has been suffi ciently dissected off 
of the cervix, anterior colpotomy is not mandatory. Alternatively, 
the surgeon may proceed with successive bites posteriorly until 
the fundus is palpated with a fi nger. Passing a fi nger around the 
fundus anteriorly may expose the anterior peritoneum, allowing 
the surgeon to safely enter the anterior cul-de-sac and effectively 
avoiding inadvertent cystotomy (Fig. 71-16). If the surgeon sus-
pects an obliterated cul-de-sac based on patient history or exam 
under anesthesia, the dissection should proceed sharply, rather 
than bluntly. Blunt dissection follows the path of least resistance, 
tearing into the bladder.

Obliterated Cul-de-Sac of Douglas

A history of pelvic surgery, endometriosis, or pelvic infl amma-
tory disease may result in an obliterated cul-de-sac of Douglas. 
This scenario predisposes to rectal injury or injury to the small 
bowel during attempted posterior colpotomy. If necessary, the 
anterior cul-de-sac should be entered fi rst, and a fi nger wrapped 
should be around the fundus to palpate for adhesions or scarifi -
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Figure 71-15 Technique of removal of an elongated 
cervix. Successive extraperitoneal bites are taken until 
the anterior and posterior peritoneal refl ections are 
reached.

cation. In their absence, the posterior-cul-de-sac can then be 
entered safely without fear of rectal injury.

Massive Leiomyomatous Uterus

The uterus measuring less than 12 weeks’ gestational size poses 
few problems for the vaginal route of hysterectomy, provided the 
surgical principles outlined earlier are followed. The uterus mea-
suring more than 12 weeks’ gestational size is not an absolute 
contraindication to the vaginal route of hysterectomy in the 
hands of a skilled surgeon. The large leiomyomatous uterus poses 
several diffi culties to the surgeon.

The leiomyomatous uterus may be enlarged to the point that 
en bloc removal of the uterus by the vaginal route is impossible. 
In this situation, several techniques may be used to facilitate 
vaginal hysterectomy, including morcellation, bivalving of the 

uterus, or intramyometrial coring. Ligation of the major blood 
supply to the uterus, the uterine arteries, is a prerequisite for 
the use of these techniques. It is prudent to enter the anterior 
and posterior cul-de-sac to prevent injury to the bladder 
and rectum. After the uterine vessels have been secured, morcel-
lation may begin. The cervix is amputated with a scalpel. 
Tenacula are used to grasp the posterior aspect of the uterus, 
which is brought down into the surgical fi eld. A scalpel or Mayo 
scissors is then used to remove the tissue within the tenacula 
en bloc (Fig. 71-17). The entire body of the uterus is then 
morcellated.

After the fundus has been identifi ed, the remainder of the 
uterus can be bivalved, securing the lateral pedicles as outlined 
earlier (Fig. 71-18). In patients with a massive uterus because of 
leiomyomas or adenomyosis, the fundus may not be deliverable 
posteriorly. In this case, intramyometrial coring is particularly 
appropriate (Fig. 71-19).
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Figure 71-16 An obliterated vesicouterine fold. A, Adhesions are seen between the bladder and anterior cervix. B, Blunt dissection in this 
setting may lead to inadvertent cystotomy, because a fi nger will follow the path of the least resistance. C, Passing a fi nger around the 
fundus of the uterus often leads to identifi cation of the appropriate plane of the dissection.

COMPLICATIONS OF VAGINAL HYSTERECTOMY

Complications of vaginal hysterectomy are uncommon but can 
include bleeding, infection, or inadvertent injury to the bladder, 
ureters, or bowel. Postoperative complications can include hema-
toma or abscess formation. Risk factors include previous abdom-
inal surgery, a history of endometriosis or pelvic malignancy, 
cervical or broad ligament myomas, congenital anomalies, the 
presence of infl ammation or pelvic adhesions, or a history of 
pelvic irradiation. Patient factors such as large uterine size or 
morbid obesity can reduce visualization. An inexperienced 
surgeon or inadequate retraction or lighting can add to the risks 
posed during the vaginal hysterectomy.

Inadvertent cystotomy remains one of the most common 
complications of vaginal hysterectomy. The incidence of inadver-
tent cystotomy during vaginal hysterectomy is reported to be 
between 1% and 1.8%. In 2002, Carley and colleagues13 per-
formed a retrospective review of 590 vaginal hysterectomies. The 
rate of inadvertent cystotomy was 1.9%. Cases were matched 
with fi ve controls with similar procedures performed. Patients 
who suffered inadvertent cystotomy had a longer operative time 
and greater intraoperative blood loss than similarly matched con-
trols.13 As the rate of cesarean section continues to rise, concerns 
have surfaced regarding the risk of inadvertent cystotomy because 
of scarifi cation in the lower uterine segment. Rooney and associ-
ates14 performed a retrospective analysis of more than 5000 

hysterectomies in 2004. They found an odds ratio of incidental 
cystotomy of 3.00, which approached statistical signifi cance for 
women undergoing a total vaginal hysterectomy who had a 
history of prior cesarean section. The odds ratio for incidental 
cystotomy at the time of laparoscopically assisted vaginal hyster-
ectomy in women with a history of prior cesarean section was 
found to be signifi cant at a value of 7.50.14

One of the most serious complications of gynecologic surgery 
is iatrogenic injury to the ureters. The literature reports an 
incidence of iatrogenic ureteral injury of 0.02% to 0.8% during 
vaginal hysterectomy.15 The ureters can be burned, clipped, 
ligated, kinked, or partially or completely transected. Intraopera-
tive recognition is essential because of the subsequent risk of 
fi stula formation or hydronephrosis resulting in loss of renal 
function. Most iatrogenic ureteral injuries occur when securing 
the uterine vessels. Particular care should be taken to keep the 
surgical clamps medial to the uterosacral ligament pedicles when 
performing the vaginal hysterectomy.

Iatrogenic injury to the ureter is the most common complica-
tion of the vaginal vault suspension, whether the surgeon has 
performed a traditional McCall culdoplasty or a high uterosacral 
ligament suspension. Karram and colleagues16 reported a 2.4% 
risk of iatrogenic ureteral injury during 168 high uterosacral liga-
ment suspensions. Barber and coworkers reported an 11% risk 
of ureteral injury during the same procedures.16 Intraoperative 
cystoscopy with intravenous indigo carmine must be used to 
verify ureteral patency after the procedure. Webb and colleagues 
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Figure 71-17 Technique of morcellation in the massively leiomyomatous uterus. A, An elliptical wedge of tissue is excised from the posterior 
uterus. B, The edges of the incision are brought together with the tenacula. A second wedge of tissue is removed in a similar fashion. The 
procedure is repeated until the fundus is reached and the uterus is delivered.

described 660 women who underwent a modifi ed Mayo McCall 
culdoplasty in 1998.16 In addition to ureteral injury, lacerations 
to the bowel and rectum were reported in 2.3% of cases. Other 
complications of the McCall culdoplasty include vault hematoma 
in 1.3% and cuff abscess or infection in 0.6% of patients. Webb 
reported a blood transfusion rate of 2.2%.16

Injuries to the rectum during vaginal hysterectomy are rare, 
with most occurring during attempted entry into the pouch of 
Douglas. Mathevat and colleagues17 performed a retrospective 
review of more than 3000 vaginal hysterectomies with or without 
additional procedures. They reported fi ve rectal injuries, all of 

which occurred during attempted entry to the posterior cul-de-
sac.17 Posterior colporrhaphy also poses a risk of rectal injury. In 
the same series, Mathevat and colleagues17 reported 11 rectal 
injuries associated with posterior colporrhaphy. The overall inci-
dence of rectal injury in their series was 0.45%.17

Hematoma formation is a rare complication of vaginal hys-
terectomy and is usually the result of inadequate hemostasis at 
the end of the procedure. Particular attention must be given to 
the pedicles in the post-hysterectomy patient to confi rm hemo-
stasis is adequate. After the vaginal hysterectomy with or without 
concomitant reconstructive procedures, we prefer to pack the 
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Figure 71-18 Technique of hemisection of the uterus. A, The midportion of the uterus. B, Lateral view demonstrates many uterine myomas.

A B

Figure 71-19 Technique of intramyometrial coring. A, A scalpel is used to create a cylinder of tissue. B, Lateral view of the technique of 
intramyometrial coring. Downward traction on the cervix will deliver the specimen, everting the uterine fundus.

vagina with 2-inch iodoform gauze to apply pressure to small 
amounts of venous oozing. The packing is removed the next 
morning, and hemostasis is confi rmed.

CONCLUSIONS

As the population continues to increase, the gynecologist can 
expect a concurrent rise in the number of women presenting for 

hysterectomy. Currently, the rate of abdominal hysterectomy 
exceeds the rate of vaginal hysterectomy. Reducing the rate of 
abdominal hysterectomy could result in a reduction in hospital 
stay and postoperative recovery. With appropriate patient selec-
tion and in the hands of an experienced surgeon, vaginal hyster-
ectomy represents a useful adjunct in the treatment of pelvic 
organ prolapse.
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Chapter 72

LAPAROSCOPIC SACRAL COLPOPEXY
Marie Fidela R. Paraiso

Laparoscopic sacral colpopexy was fi rst reported by Nezhat and 
colleagues in 1994.1 Adoption of this procedure has increased in 
the past decade and has evolved to include robotic assistance. 
The possible advantages of laparoscopic surgery are improved 
visualization of anatomy of the peritoneal cavity because of 
laparoscopic magnifi cation, insuffl ation effects, and improved 
hemostasis; shortened hospitalization resulting in potential cost 
reduction; decreased postoperative pain and more rapid recovery 
and return to work; and better cosmetic appearance of smaller 
incisions. Disadvantages of laparoscopic surgery include a steep 
learning curve in acquiring suturing skills, technical diffi culty of 
presacral dissection, increased operating time early in the sur-
geon’s experience, and possibly greater hospital cost because of 
increased operating room time and the use of disposable surgical 
instruments. These disadvantages, inadequate experience in 
advanced laparoscopy in residency and fellowship programs, 
surgeon preference for vaginal route surgery, and recently intro-
duced minimally invasive apical suspension procedures have 
thwarted widespread adoption of laparoscopic surgery for pelvic 
organ prolapse.

The indications for laparoscopic vaginal apex prolapse and 
enterocele repair are identical to those for vaginal and abdominal 
routes. The choice of laparoscopic route is determined by the 
preferences of the surgeon and patient and by the laparoscopic 
skill of the surgeon. Additional factors that should be considered 
include history of pelvic or anti-incontinence surgery, previous 
failed transvaginal colpopexy, short vagina, severe abdominopel-
vic adhesions, the patient’s age and weight, the need for concomi-
tant pelvic surgery, and the patient’s ability to undergo general 
anesthesia.

The technique of laparoscopic sacral colpopexy described in 
this chapter follows standard procedures for operative laparos-
copy for access and is identical to the more proven open abdomi-
nal sacral colpopexy (see Chapter 73). Clinical outcome and 
complications are summarized.

ANATOMY

Thorough knowledge of the anatomy of the anterior abdominal 
wall is mandatory for safe and effective trocar insertion. The 
umbilicus is approximately at the L3-to-L4 level, and the aortic 
bifurcation is at the L4-to-L5 level. In obese women, the umbili-
cus is caudal to the bifurcation. The intraumbilical trocar should 
be introduced at a more acute angle toward the pelvis in thin 
women and closer to 90 degrees in obese women. The left 
common iliac vein courses over the lower lumbar vertebrae from 
the right side and may be inferior to the umbilicus. Common 
iliac arteries course 5 cm before bifurcating into the internal and 
external iliac arteries. The ureter crosses the common iliac artery 
at or above its bifurcation.

The superfi cial epigastric artery, a branch of the femoral 
artery, courses cephalad and can be transilluminated. The infe-
rior epigastric artery branches from the external iliac artery at the 
medial border of the inguinal ligament and runs lateral to and 
below the rectus sheath at the level of the arcuate line. It is accom-
panied by two inferior epigastric veins.

When considering the anatomy of the repair of pelvic organ 
support, a surgeon must keep in mind the three levels of support 
of the vagina described by DeLancey in 1992.2 The upper fourth 
of the vagina (level I) is suspended by the cardinal-uterosacral 
complex, the middle half (level II) is attached laterally to the 
arcus tendineus fasciae pelvis and the medial aspect of the 
levator ani muscles, and the lower fourth (level III) is fused to 
the perineal body. The endopelvic fascia laterally blends with the 
muscularis of the vagina. All pelvic support defects, whether 
anterior, apical, or posterior, represent a break in the continuity 
of the endopelvic fascia or vaginal muscularis and a loss of its 
suspension, attachment, or fusion to adjacent structures. The 
goals of pelvic reconstructive surgery are to correct all symptom-
atic defects, thereby reestablishing vaginal support at all three 
levels, and to maintain or restore normal visceral and sexual 
function.

The key anatomic landmarks of sacral colpopexy are the 
middle sacral artery and vein; the sacral promontory with ante-
rior longitudinal ligament; the aortic bifurcation and the vena 
cava, which are at the level of L4 to L5; the right common iliac 
vessels and right ureter, which are at the right margin of the 
presacral space; and sigmoid colon, which is at the left margin. 
The left common iliac vein is medial to the left common iliac 
artery and can be damaged during dissection or retraction. The 
sacral foramina are only 1 to 1.5 cm from the midline, and 
the sympathetic chain is lateral. The ureter, which crosses over 
the common iliac artery bifurcation and courses along the pelvic 
sidewall, is approximately 1 to 1.5 cm lateral to the uterosacral 
ligament as it passes underneath the uterine artery.

The anatomic landmarks during laparoscopic sacral colpo-
pexy graft attachment are the pubocervical fascia (i.e., anterior 
vaginal muscularis with overlying endopelvic fascia) and the rec-
tovaginal muscularis (i.e., fi bromuscular layer of the posterior 
vaginal wall above the rectovaginal septum). The rectovaginal 
septum is ideally the posterior point of attachment of the sacral 
colpopexy mesh, allowing continuity with the perineal body.

SURGICAL TECHNIQUE

Operative Laparoscopy for Pelvic Organ Prolapse: 
Setup, Instrumentation, and Trocar Placement

Ideal stirrups for combined laparovaginal cases are the Allen stir-
rups and Yellofi ns (Allen Medical Systems, Acton, MA), which 
have levers that can quickly convert the patient from low to high 
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lithotomy position while preserving sterility of the fi eld. A sterile 
pouch attached to each thigh is equipped with commonly used 
instruments such as unipolar scissors, bipolar cautery, blunt-
tipped graspers, bowel graspers, and suction irrigation.

The monitor screens should be placed lateral to the legs in 
direct view of the surgeon standing on the opposite side of the 
table. The scrub nurse should be centered between the two 
monitor screens that are used; otherwise, the scrub nurse is 
located behind one surgeon and the electrosurgical unit or 
harmonic scalpel on the opposite side. After the three-way 
Foley catheter and uterine manipulator (if needed) have been 
placed, the vaginal tray with cystoscope can be set aside for later 
use.

For standard suturing technique, needle holder preference is 
determined by comfort of the surgeon. Conventional and 90-
degree, self-righting German needle holders (Ethicon Endo-
Surgery, Cincinnati, OH) have ratchet spring handles, and the 
Talon curved needle drivers with spring handles (Cook OB/GYN, 
Spencer, IN) self-right the needle at an angle of 45 or 90 degrees 
to the needle driver shaft, depending on the style chosen. The 
Storz Scarfi  needle holder and notched assistant needle holder 
(Karl Storz Endoscopy, Culver City, CA) are most like con-
ventional needle holders used during laparotomy. However, the 
handles are diffi cult to maintain and may pop open after extended 
use. The needle holder tips may become magnetized, which 
hampers needle grasping. Disposable suturing devices that have 
been introduced include the Endo-stitch (U.S. Surgical Corp., 
Norwalk, CT) and the Capio CL (Microvasive Boston Scientifi c, 
Natick, MA; CL refers to Cooper’s ligament). Suturing devices 
are not recommended when performing laparoscopic sacral col-
popexy because the depth of stitch placement in the vaginal mus-
cularis is diffi cult to gauge tactically with these devices.

Extracorporeal knot tying is preferred because of technical 
facility and the ability to hold more tension on the suture, 
although some surgeons prefer intracorporeal suturing. When 
robotically assisted laparoscopic sacral colpopexy is performed, 
all suturing is done in an intracorporeal fashion. The choice of 
an open-ended or close-ended knot pusher for extracorporeal 
knot tying depends on surgeon preference. Our suture of choice 
is the single- or double-armed 1-0 Ethibond 36-inch suture on 
a CT-1 needle (Ethicon, Somerville, NJ). Our alternative choice 
for suture is 1-0 Gore-Tex (W.L. Gore and Associates, Phoenix, 
AZ). A 48-inch suture is preferred when suturing from ports at 
the level of the umbilicus. Sterile steel thimbles may be used by 
the surgeon or assistant when elevating the vagina while the 
surgeon is placing the stitches in the vaginal wall. However, 
vaginal manipulation when placing sutures is best achieved with 
endoanal anastomosis (EAA) sizers or fi berglass stents.

Intraumbilical or infraumbilical incisions depend on the 
anatomy of the umbilicus. Many variations of the accessory 
trocar sites have been described. For laparoscopic sacral colpo-
pexy, we use three to four additional trocars: a 5- to 12-mm dis-
posable trocar with reducer in the right and left lower quadrants 
lateral to the inferior epigastric vessels and a reusable 5-mm port 
or an additional 5- to 12-mm disposable trocar with reducer in 
the left upper quadrant at least 8 cm lateral to the umbilicus. 
Trocars are placed lateral to the rectus muscle, approximately 3 
cm medial to and above the anterior superior iliac spine. Based 
on an anatomic study by Whiteside and coworkers3 in 2003, we 
know that ilioinguinal and iliohypogastric nerve entrapment 
during fascial closure may be reduced if the ports are placed at 
least 2 cm cephalad to the anterior superior iliac spines. For more 

extensive reconstructive surgery, an additional 5-mm port may 
be placed on the principal surgeon’s side so that he or she can 
operate with two hands. Reusable and disposable ports may be 
secured with circumferential screws to prevent port slippage. 
Versa Step Plus trocars (U.S. Surgical Corp.) allow easy introduc-
tion of needles, maintain pneumoperitoneum during extracor-
poreal knot tying, and prevent port slippage because of the 
expandable sleeve.

General Intraoperative and Postoperative Procedures

The patient is instructed to take one bottle of magnesium citrate 
or equivalent bowel preparation and limit her diet to clear liquids 
on the day before surgery. Placing an orogastric or nasogastric 
tube to decompress the stomach at the time of surgery is also 
helpful. Patients receive prophylactic intravenous antibiotic 
therapy 30 minutes before surgery. Pneumatic compression 
stockings are routinely used. The operations are performed under 
general anesthesia in the low lithotomy position. A 16-Fr, three-
way Foley catheter with a 20- to 30-mL balloon is attached to 
continuous drainage, and the irrigation port is connected to 
sterile water or saline.

After all sutures are placed and tied, transurethral cystoscopy 
or suprapubic teloscopy is done to document ureteral patency 
and absence of sutures in the bladder. A suprapubic catheter is 
placed, if desired. The surgeon must again inspect the pelvis for 
bleeding while reducing the carbon dioxide insuffl ation. Routine 
closure of the peritoneum is performed based on the surgeon’s 
preference. All ports are removed under direct visualization, 
and the peritoneum and fascia of all 5- to 12-mm incisions are 
reapproximated with the fascial closure instrument (Karl Storz, 
Tuttingen, Germany) or the Grice needle (New Ideas in 
Medicine, Clearwater, FL). The skin is closed in a subcuticular 
fashion. The fascia and subcutaneous fat can be infi ltrated 
with a long-acting local anesthetic, such as 0.5% bupivacaine 
hydrochloride.

Postoperative care consists of oral pain medication (intrave-
nous, if needed), rapid diet advancement, and ambulation. If 
an anti-incontinence procedure is concomitantly performed, 
voiding trials begin as soon as the patient is ambulatory. Inter-
mittent self-catheterization protocols can begin immediately, 
especially if the patient was taught the technique preoperatively. 
Some patients are able to go home on the same day if adequately 
counseled preoperatively. Preoperative teaching includes discus-
sion of postoperative analgesics, the need for a caretaker at home 
during the immediate recovery period, instruction in catheter 
care or intermittent self-catheterization, and explanation of goals 
to be reached before outpatient discharge. Patients are instructed 
to refrain from sexual intercourse and lifting objects heavier than 
10 pounds for at least 8 weeks. They are cautioned to heed to 
these instructions despite rapid recovery.

Technique of Laparoscopic Sacral Colpopexy

Vaginal obturators, spongesticks, or equivalent vaginal manipu-
lators (EEA Sizer, U.S. Surgical Corp.; CDH, Ethicon Endo-
Surgery) are used for delineation of the vaginal apex and rectum. 
After all ancillary ports are placed, the presacral space is dissected 
(Fig. 72-1). If exposure of the sacral promontory and presacral 
space is not adequate, the patient should be tilted to her left and 
a reusable snake retractor (Snowden Pencer, Tucker, GA) or fan 
retractor (Origin Medsystems, Menlo Park, CA) placed through 
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an ancillary port. A suture may be placed through the sigmoid 
epiploicae and placed on traction outside of the abdomen lateral 
to the left lower quadrant port to keep the sigmoid colon retracted 
throughout the surgery, thereby freeing an operative port. The 
peritoneum overlying the sacral promontory is incised longitu-
dinally with laparoscopic scissors or harmonic scalpel (Gynecare, 
Somerville, NJ) and extended to the cul-de-sac. A laparoscopic 
dissector or hydrodissection is used to expose the periosteum of 
the sacral promontory. If blood vessels are encountered during 
the dissection, coagulation or clip placement is used to achieve 
hemostasis. Some surgeons prefer to dissect the presacral space 
fi rst, eliminating the most technically diffi cult portion of the 
procedure. A Halban procedure or Moschcowitz culdoplasty may 
be performed based on the surgeon’s preference or when a deep 
cul-de-sac is encountered. When a concomitant culdoplasty is 
performed, it is completed after posterior mesh placement.

To dissect the rectovaginal septum, the peritoneum between 
the vaginal apex and rectum is placed on countertraction by 
manipulating the EAA sizers, pointing the vagina toward the 
pubic bone and the rectum toward the sacrum (Fig. 72-2). Ante-
rior dissection is performed after the bladder is fi lled with 300 ml 

of sterile water. Dissection is extended to the bladder base. 
This dissection can be very diffi cult if a patient has undergone 
a previous anterior colporrhaphy or vaginal suspension 
procedure.

Our technique incorporates two pieces of 15 × 4 cm polypro-
pylene mesh or biologic tissue. We sew the posterior mesh on 
fi rst. The most caudal stitch is placed on the posterior vaginal 
wall and rectovaginal fascia. After placement of the fi rst stitch, 
the mesh is threaded through the stitch before introducing the 
mesh into the peritoneal cavity. The corresponding contralateral 
stitch is taken and threaded through the mesh to anchor the 
inferior border of the mesh to the rectovaginal septum or 
perineum (a 15- to 18-cm mesh length may be required for lapa-
roscopic sacral colpoperineopexy). The sutures are tied extracor-
poreally as they are placed. Care is taken to place the stitches 
through the entire thickness of the vaginal wall, excluding the 
epithelium. The mesh is sutured to the posterior vaginal apex and 
rectovaginal septum with three to four similar rows of suture and 
to the vaginal apex anteriorly with two to three pairs of No. 0 
nonabsorbable sutures (Figs. 72-3 and 72-4). The surgeon sutures 
the mesh to the longitudinal ligament of the sacrum with two 

Figure 72-1 Dissection of the presacral space.

Figure 72-2 Dissection of the rectovaginal space.

Figure 72-3 Anterior attachment of polypropylene mesh to the 
muscularis of the vaginal apex.

Figure 72-4 Fixation of two separate polypropylene meshes during 
sacral colpopexy.
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No. 0 nonabsorbable sutures (Fig. 72-5). No undue tension is 
placed on the mesh. Titanium tacks or hernia staples may also 
be used to attach the mesh to the anterior longitudinal ligament 
of the sacrum. The redundant portion of the mesh is excised. 
Biologic tissue may also be used, especially when concomitant 
bowel resection is performed (Fig. 72-6). The peritoneum is 
reapproximated over the mesh with 2-0 polyglactin suture. If 
the mesh remains exposed, sigmoid epiploic fat may be sutured 
over it.

CLINICAL RESULTS AND COMPLICATIONS

The current gynecologic literature for laparoscopic sacral colpo-
pexy is sparse and consists of case series from surgeons subspe-
cializing in advanced laparoscopy and urogynecologic surgery. 
Comparative, adequately powered studies of laparoscopic surgery 
for vaginal apex prolapse do not exist.

In 1994, Nezhat and colleagues1 reported a series of 15 patients 
who underwent laparoscopic sacral colpopexy for whom the 

mean operative time was 170 minutes (range, 105 to 320 minutes) 
and the mean blood loss was 226 mL (range, 50 to 800 mL). The 
mean hospital stay was 2.3 days, excluding a case converted to 
laparotomy because of presacral hemorrhage. The cure rate for 
apical prolapse was 100% at 3 to 40 months. In 1995, Lyons and 
Winer 4 reported 4 laparoscopic sacrospinous fi xations and 10 
laparoscopic sacral colpopexies with operative times comparable 
to those for vaginal and abdominal approaches. He reported less 
intraoperative and postoperative morbidity with the laparoscopic 
route; this was attributed to a superior anatomic approach and 
visualization of anatomic structures. Nezhat and associates1 and 
Lyons and Winer4 used mesh and suture, and they sometimes 
stapled the mesh into the longitudinal ligament of the anterior 
sacrum.

In 1997, Ross5 evaluated 19 patients with post-hysterectomy 
vaginal apex prolapse prospectively with extensive preoperative 
and postoperative testing, including multichannel urodynamics 
and transperineal ultrasound. All patients underwent sacral col-
popexy, Burch colposuspension, and modifi ed culdoplasty. Para-
vaginal defect repair and posterior colporrhaphy were added as 
indicated. Ross reported seven complications: three cystotomies, 
two urinary tract infections, one seroma, and one inferior epi-
gastric vessel laceration. Five patients had recurrent defects that 
were all less than grade 2 (two paravaginal defects and three rec-
toceles). Vaginal length ranged from 10.8 to 12.1 cm, and all 
sexually active patients reported no sexual dysfunction. All but 
four patients voided spontaneously, and none required more 
than 4 days of catheterization. All were discharged within 24 
hours. The cure rate at 1 year was 100% for vaginal apex prolapse 
and 93% for stress incontinence, although two patients were lost 
to follow-up. In another study reported in 2004, Ross6 prospec-
tively analyzed 51 cases of laparoscopic sacral colpopexy for grade 
III or IV apical vaginal vault prolapse. Forty-three patients dem-
onstrated an objective cure rate of 93% at the vaginal apex during 
their 5-year follow-up visit. Complications included one partial 
small-bowel obstruction resulting from bowel adherence to the 
mesh and two locally treated mesh erosions. Ross concluded that 
patient recovery was greatly enhanced, with most patients requir-
ing only overnight hospitalization.

The largest series of laparoscopic sacral colpopexies is a retro-
spective cohort of 83 patients published by Cosson and associ-
ates7 in the French literature. The investigators performed 
concomitant laparoscopic supracervical hysterectomy in 60 
patients and converted six cases to laparotomy. Operative 
time decreased from 292 to 180 minutes with increased experi-
ence. One patient required reoperation for prolapse, and two 
patients underwent procedures for stress incontinence. The 
median length of follow-up was 343 days. In 2004, Gadonneix 
and coworkers7 reported the use of two separate meshes for lapa-
roscopic sacral colpopexy with or without Burch colposuspen-
sion in 46 consecutive patients with primary vaginal apex prolapse 
with or without primary stress incontinence. Mean operating 
time was 171 minutes, and mean hospital stay was 4 days. Median 
follow-up was 24 months (range, 12 to 60 months). Eleven 
percent of patients required conversion to laparotomy. Compli-
cations included de novo urge incontinence in 5% of patients, 
laparoscopically treated bladder injury in 7%, and recurrent 
rectoceles in 12% (occurring only in women who had undergone 
laparoscopic Burch colposuspension compared with no colpo-
suspension, P = .036). One patient developed obstructed defeca-
tion, which the study authors attributed to excessive mesh 
tension.

Figure 72-5 Attachment of the mesh to the anterior longitudinal 
ligament of the sacrum without tension.

Figure 72-6 Biologic mesh implantation in sacral colpopexy.
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At the Cleveland Clinic Foundation, we compared our fi rst 56 
consecutive laparoscopic sacral colpopexies with 61 consecutive 
open sacral colpopexies performed during the same period.9 
Mean follow-up was 14 and 16 months for the laparoscopic and 
open groups, respectively. Laparoscopic sacral colpopexy and 
concomitant procedures required a signifi cantly longer operating 
room time compared with open sacral colpopexy, with mean 
operating room times of 269 and 218 minutes, respectively. 
However, mean hospital stay was signifi cantly longer for the open 
group than the laparoscopic group (4 versus 1.8 days). We found 
similar clinical outcomes and reoperation rate. Our sample size 
was too small to determine differences in complications.

CONCLUSIONS

Laparoscopy is a means of achieving less invasive surgical access, 
and its use is expanding rapidly in all surgical specialties. The 
technique for laparoscopic sacral colpopexies should be as close 
as possible to the operative technique for open sacral colpopexy. 
Bladder injury is probably more common with laparoscopy, but 
the risk of cystotomy decreases with surgical experience. Com-
plications associated with laparotomies, such as wound infection 
and hernias, are rare with the laparoscopic route.

The benefi ts of improved visualization of anatomic structures 
and the small incisions associated with the laparoscopic approach 
are desirable, particularly in obese patients. The advantages of 
less postoperative pain, shorter hospitalization, a shortened 
recovery period, and earlier return to work are very popular with 
patients, but these advantages are partially offset by increased 
operating time and possibly by increased cost. The operating 
time and cost will likely decrease as surgeons gain experience 
with the advanced laparoscopic techniques of suturing and 
knot tying. Laparoscopic approaches for pelvic organ prolapse 
may be somewhat underused because of the greater technical 
diffi culty associated with surgical dissection and laparoscopic 
suturing. The emergence of vaginal mesh kit procedures and 
tunneling techniques may thwart widespread adoption of lapa-
roscopic sacral colpopexy. However, the greatest potential for 
laparoscopic advances and innovations may be in operations 
for prolapse. We believe that laparoscopic sacral colpopexy 
will gain popularity because abdominal sacral colpopexy remains 
the most proven and effective surgery for cure of severe apical 
prolapse. Pelvic fl oor surgeons in specialized centers strive to 
offer their patients pelvic reconstruction by laparoscopic route, 
many employing robotic assistance. More comparative studies 
and prospective clinical trials with long-term follow-up are 
warranted.
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Chapter 73

OPEN ABDOMINAL SACRAL COLPOPEXY
Chi Chiung Grace Chen and Marie Fidela R. Paraiso

Pelvic organ prolapse is a condition that physicians are likely to 
encounter as women are living longer and more emphasis is 
placed on maintaining their physique and capacity for sexual 
activity. It has been estimated that more than 300,000 surgeries 
are being performed annually to correct pelvic organ prolapse at 
a cost of greater than $1 billion dollars.1 The number of women 
seeking attention for these disorders is projected to increase by 
45% in the future.2

Management of pelvic organ prolapse depends on the goals 
and expectations of the patient and on the patient’s comorbidi-
ties. For example, women who have minimal symptoms or those 
with prolapse that does not extend beyond the hymen may benefi t 
from pelvic fl oor exercises and behavioral modifi cations. Patients 
who have many comorbidities and are poor surgical candidates 
may benefi t from vaginal pessaries. Women who do not desire 
preservation of sexual capacity may benefi t from a less morbid 
obliterative procedure, such as colpocleisis. When contemplating 
the surgical correction of pelvic organ prolapse, the surgeon must 
also consider the existence of other support defects and any dys-
function of bladder or bowel. The surgeon must decide whether 
to approach these repairs abdominally, vaginally, or laparoscopi-
cally. In this chapter, we will focus on abdominal sacral colpo-
pexy or suspension of the vagina to the sacral promontory, which 
is considered the gold standard procedure for correcting pelvic 
organ prolapse.

Abdominal sacral colpopexy should be considered if the 
patient has severe vaginal apical prolapse and requires concomi-
tant pelvic or anti-incontinence surgery by the abdominal route. 
Other indications include previous failed transvaginal colpopexy, 
foreshortened vagina, weakened pelvic fl oor, and chronic 
increases in abdominal pressure as a result of medical comorbidi-
ties (e.g., chronic obstructive pulmonary disease, chronic consti-
pation) or occupation (e.g., heavy manual labor). Some pelvic 
surgeons also prefer abdominal sacral colpopexy for young 
patients with severe apical prolapse.

“GENERAL INTRAOPERATIVE PRODURES” TO 
“ANATOMY AND GENERAL INTRAOPERATIVE 
PRODURES”

As the relevant abdominal and pelvic anatomic landmarks 
for open sacral colpopexy are the same as for laparoscopic sacral 
colpopexy, please refer to Chapter 72. Furthermore, some general 
intraoperative considerations are also the same and include 
placement of the patients in low lithotomy position under general 
anesthesia, prophylactic intravenous antibiotics before initiation 
of surgery, pneumatic compression stockings on the patients’ 
lower extremities, and placement of a 16-Fr three-way Foley 
catheter to continuous drainage with the irrigation port attached 
to sterile water or saline to facilitate retrograde fi lling of the 

bladder to assist in dissection of the bladder off the vaginal apex 
during surgery.

SURGICAL TECHNIQUE

General Intraoperative Procedures

Specifi cally, the ideal stirrups for combined abdominovaginal 
cases are the Allen stirrups and Yellofi ns (Allen Medical Systems, 
Acton, MA), which have levers that can quickly convert the 
patient from low to high lithotomy position while preserving 
sterility of the fi eld. A transverse or vertical laparotomy incision 
is made based on surgeon preference or concomitant procedures. 
For obese patients, a Maylard incision may be useful for improved 
exposure compared with a Pfannenstiel incision.

The patient is placed in a Trendelenburg position. The small 
bowel is packed upward, and the sigmoid colon is packed to the 
left paracolic gutter. The Bookwalter retractor or Balfour retrac-
tor is placed to hold the sides of the incision open, giving expo-
sure to the operative fi eld. The Bookwalter retractor is ideal for 
obese patients. Sterile towels are placed below the lateral points 
of the Balfour retractor to decrease compression of the psoas 
muscle, safeguarding against femoral neuropathy.

The sacral promontory is palpated, and the respective land-
marks of the presacral space are delineated. The presacral peri-
toneum is tented and incised down to the level of the posterior 
cul-de-sac. The peritoneum may be retracted laterally by placing 
tagged 2-0 absorbable sutures, which can be tied together after 
the procedure is complete for closure of the peritoneum. Alter-
natively, a tunnel can be made in the right pararectal peritoneum 
from sacral promontory to the posterior cul-de-sac rather than 
completely incising the peritoneum. Kittners (i.e., endoscopic, 
blunt dissectors with radiopaque tips) are used to clear away the 
areolar tissue of the sacral promontory, delineating the anterior 
longitudinal ligament of the sacrum and the middle sacral vessels. 
Care must be taken to avoid trauma to the presacral vessels 
because these vessels retract easily, and life-threatening hemor-
rhage may ensue. If bleeding does occur, pressure, hemostatic 
clips, cautery, fi brin glue, and Gelfoam may be applied. If these 
measures are not successful, bone wax and sterile thumbtacks 
should be used. The presacral nerve should be preserved to 
decrease the risk of temporary postoperative urinary retention 
and constipation.

Manipulators are placed in the vagina and rectum for delinea-
tion. For example, fi berglass obturators or endoanal anastomosis 
(EAA) sizers may be placed in the vagina and rectum for traction 
in opposite directions to delineate the rectovaginal space. The 
peritoneum is incised, rectovaginal space entered, and blunt dis-
section performed along the length of the posterior vaginal wall. 
In cases of abdominal sacral colpoperineopexy, this dissection is 
extended to the perineum. The bladder is fi lled with 300 mL in 
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a retrograde fashion with a three-way Foley catheter hooked to 
irrigation to delineate the superior border of the bladder. The 
bladder peritoneum is incised, and the bladder is sharply dis-
sected downward to the bladder base off the vagina. Palpation of 
the Foley catheter bulb aids in this dissection. Care should be 
taken not to cauterize the bladder and vagina to a great extent. 
Peritoneum should be preserved at the vaginal apex if possible to 
decrease risk of mesh erosion.

After dissection of the bladder and preparation of the recto-
vaginal space, several rows of 1-0 nonabsorbable suture are 
stitched into the posterior vaginal muscularis. The most distally 
placed sutures are at the perineum during colpoperineopexy. The 
stitches should be placed at least halfway down the length of the 
posterior vagina for a sacral colpopexy. It is preferable to avoid 
through-and-through stitches into the vaginal epithelium. Each 
row of sutures should be placed 2 cm apart. The sutures are 
tagged, and after all sutures are placed, the ends of the suture are 
brought through the pores of a 4 × 15 cm polypropylene mesh. 
Polypropylene suture is easy to work with in this setting; when 
cut, it is easily passed through the pores. A longer piece of poly-
propylene mesh is required for the sacral colpoperineopexy. The 
sutures are then tied without strangulating the tissue to decrease 
erosion. If a Halban or Moschcowitz procedure is performed to 
obliterate the pouch of Douglas, these sutures can be placed 
before or after posterior mesh placement, but they should not be 
tied until the posterior mesh is placed. A 2-0 nonabsorbable 
suture is adequate for the culdoplasty procedures.

Approximately two or three rows of 1-0 nonabsorbable suture 
are placed on the anterior vaginal wall. The ends of the sutures 
are then brought through the pores of a second 4 × 15 cm piece 
of polypropylene mesh and tied. The vaginal manipulator is used 
to place the vagina under no tension in the right pararectal space. 
The securing point of the mesh to the anterior longitudinal liga-
ment at the S1 or S2 level is then marked. Two or three polypro-
pylene sutures are placed transversely into the anterior longitudinal 
ligament. The suture ends are then brought through the pores of 
both leafs of mesh so that each leaf can be secured without 
tension. 

After the mesh is tied down and hemostasis ensured, the 
peritoneum is reapproximated over the mesh with a 3-0 absorb-
able suture. This is an important step to decrease risk of small-
bowel obstruction below the mesh and mesh adhesion to viscera. 
Care must be taken not to kink the right ureter or the rectosig-
moid. Sigmoid epiploica and bladder peritoneum may be used 
to cover the mesh. After all sutures are placed and tied, tran-
surethral cystoscopy or suprapubic teloscopy is done to docu-
ment ureteral patency and absence of sutures in the bladder. 
The incision is closed in the customary fashion after concomi-
tant abdominal procedures are performed. Vaginal route pro-
cedures, if necessary, are completed after the abdominal 
procedures are performed (see Chapter 72 for photographs of the 
procedure).

Postoperative care consists of intravenous analgesia for the 
fi rst 12 to 24 hours after surgery. Oral pain medication, diet 
advancement, and ambulation are the rule on the fi rst postopera-
tive day. If an anti-incontinence procedure is concomitantly per-
formed, voiding trials begin as soon as the patient is ambulatory. 
Preoperative teaching includes a discussion about postoperative 
analgesics, the need for a caretaker at home during the immediate 
recovery period, instruction in catheter care or intermittent self-
catheterization, and the goals to be reached before discharge. 
Patients are able to go home on postoperative day 2 or 3. Patients 

are instructed to refrain from sexual intercourse and lifting 
objects heavier than 10 pounds for at least 8 weeks. 

Clinical Results

The effectiveness of abdominal sacral colpopexy to correct pelvic 
organ prolapse can be examined from two perspectives: patient 
satisfaction or resolution of symptoms and restoration of normal 
anatomy (Table 73-1). The rate of patient satisfaction or resolu-
tion of symptoms in different studies range from 85% to 100%. 
Unfortunately, many of these studies do not include a description 
of the outcome tools used to assess satisfaction. In one study, a 
visual analogue score using a 10-point scale was used to deter-
mine that the overall patient satisfaction rate was 85% with a 
follow-up interval of 3 years.3 In another study with patient 
follow-up assessments ranging from 1 to 13 years (median, 4 
years), 29% of patients experienced “no improvement,” 39% 
experienced “considerable improvement,” and 32% felt that they 
were “fully cured.”4

To examine anatomic success, common measures of vaginal 
support include the Baden-Walker grading scale and the Pelvic 
Organ Prolapse Quantifi cation (POP-Q) system (see Chapter 
54).5,6 In a review article by the Pelvic Floor Disorders Network, 
abdominal sacral colpopexy resulted in the cure of vaginal apex 
prolapse in 78% to 100% and the cure of prolapse in all vaginal 
segments in 58% to 100%, with follow-up ranging from 6 months 
to 3 years.7

The success rate of sacral colpopexy drops when it is defi ned 
as the absence of all vaginal prolapse regardless of apical, anterior, 
or posterior location. It is therefore important when looking at 
outcomes to consider recurrent or de novo anterior and posterior 
vaginal wall prolapse. For example, one study found that only 7% 
of patients after surgery experienced recurrent apical prolapse, 
whereas 30% developed new enterorectoceles.8 The investigators 
thought that this discrepancy refl ected the inconsistent use of 
culdoplasty and consequently recommended that this procedure 
be routinely performed with all sacral colpopexies. Brubaker9 
reported that 29% (19 of 65) of patients with a follow-up of 3 
months had new or persistent anterior prolapse despite having 
undergone sacral colpopexy with a posterior graft attachment 
and a separate anterior compartment repair. However, only two 
patients were symptomatic. Sacral colpopexy is an effective 
method to correct apical prolapse, but its effects on other com-
partment defects and the optimal management of those defects 
remain unclear.

The need for reoperation to correct persistent, recurrent, or 
de novo pelvic organ prolapse may depend on factors other than 
surgical techniques. These factors include vaginal tissue quality, 
coexisting defects, and medical conditions such as chronic 
obstructive pulmonary disease. In one large data series, it was 
found that one of three patients who underwent a procedure for 
urinary incontinence or prolapse had to undergo reoperation 
within 4 years.10 The Pelvic Floor Disorders Network reported 
the median reoperation rate to be 4.4%, with follow-up intervals 
between 6 months and 3 years.7 The reoperations predominately 
were for anterior or posterior prolapse and not for apical 
defects.

Patients after abdominal sacral colpopexy for pelvic organ 
prolapse are also at risk for persistent or de novo stress urinary 
incontinence. The Pelvic Floor Disorders Network reported the 
rate of operations for stress incontinence to be 4.9% after sacral 
colpopexy.7
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It is also pertinent to compare the effectiveness of open abdo-
minal sacral colpopexy with vaginal procedures to correct pelvic 
organ prolapse. In a retrospective case series of 80 abdominal 
sacral colpopexies compared with 130 attempted vaginal sacrospi-
nous vault suspensions (fi ve were abandoned because of technical 
diffi culties), the incidence of recurrent prolapse was not statisti-
cally different (1.3% and 2.4%, respectively) (Table 73-2).11 The 
complication rates were similar in both groups, except that the 
mean estimated blood loss was higher in the abdominal sacral 
colpopexy group compared with the vaginal sacrospinous vault 
suspension group (745 versus 567 mL, P = .04). Moreover, in the 
sacral colpopexy group, one patient developed stress inconti-
nence; this complication was not seen after sacrospinous suspen-
sion. Concomitant incontinence and other gynecologic procedures 
were performed with various frequencies in the different groups. 
The results must be interpreted in light of these inconsistencies.

Three randomized trials compared open abdominal sacral 
colpopexy and vaginal procedures for pelvic organ prolapse and 
had different results (Table 73-3). Benson and colleagues12 and 
Lo and Wang found that sacral colpopexy was more effective at 
correcting pelvic organ prolapse than sacrospinous suspension. 
However, Maher and coworkers13 found that the abdominal and 
vaginal approaches were equally effi cacious at correcting pelvic 
organ prolapse. It is diffi cult to compare effi cacy in the different 
studies because most of these operations were performed simul-
taneously with various combinations of different incontinence 
and gynecologic procedures. There are also no consistencies 
between the different studies with regard to a propensity for 
complications with the abdominal or vaginal approach.

COMPLICATIONS

Intraoperative complications of abdominal sacral colpopexies 
include those associated with any gynecologic laparotomies, such 
as enterotomy, proctotomy, cystotomy, and ureteral injury. The 
Pelvic Floor Disorders Network found that enterotomy or proc-
totomy occurred in 1.6%, cystotomy in 3.1%, and ureteral injury 
in 1.0% of operations.

Although uncommon, one of the most morbid complications 
associated with this procedure is hemorrhage from the presacral 

vessels. Hemostasis is especially diffi cult to achieve in this area 
because the vessels form a complex interlacing network above 
and underneath the sacral periosteum. Once lacerated, these 
vessels retract, making it even more impossible to isolate single 
vessels. The presacral vessels often form communications with 
adjoining pelvic vessels, especially the left common iliac vein, 
resulting in even more extensive hemorrhage if they are damaged. 
Although the incidence of presacral vascular injury in the litera-
ture has not been specifi cally addressed, the requirement overall 
rate of hemorrhage with or without transfusion is 4.4%. Manage-
ment of this complication include packing the presacral space, 
which is often only a temporizing measure and has the added 
possibility of lacerating more of these delicate vessels as the pack 
is removed. Other measures include using electrocautery, sutures, 
and metallic vascular clips. These procedures are especially suc-
cessful if the lacerations are small or individual vessels that can 
be visualized. If these strategies are not successful, other interven-
tions include using bone wax and orthopedic bone thumbtacks.14 
To avoid this complication, some surgeons recommend minimal 
dissection of the presacral space by attaching the graft to the liga-
ment,15 and others advocate careful, extensive dissection of this 
space to prevent inadvertent injury to unseen vessels.

Postoperative complications include urinary tract infection, 
ileus and small bowel obstruction, deep venous thrombus or 
pulmonary embolus, extrafascial wound problems, and granula-
tion tissue in the vagina. Urinary tract infection was the most 
commonly reported complication in the literature, occurring in 
2.5% to 25.9% of patients. Postoperative ileus occurred in 3.6% 
of cases, and reoperation for small bowel obstruction occurred 
in 1.1% of operations. Deep venous thrombus or pulmonary 
embolus was reported in 3.3% of cases. Extrafascial wound com-
plications such as hematoma, infection, or superfi cial separation 
occurred in 4.6% of operations, and 5.0% of procedures resulted 
in incisional hernias requiring subsequent repairs. Other uncom-
mon complications reported in the literature include femoral, 
obturator and sciatic neuropathies, fascial dehiscence, vertebral 
osteomyelitis, and gluteal necrotizing myofascitis.

One of the most discussed but uncommon postoperative 
complication is mesh erosion. In one retrospective series of 155 
abdominal sacral colpopexies using Mersilene mesh (Johnson & 
Johnson) with a median follow-up of 6.5 months (range, 1 to 87 

Table 73-1 Clinical Outcomes of Abdominal Sacral Colpopexy

Study No. of Patients Follow-up (mo) Success Rate (%) Criteria for Success

Snyder and Krantz, 1991 147  43  93 No recurrence of symptoms for at least 6 
months

Sullivan et al, 2001 236  64 100 No recurrence of vaginal or rectal prolapse
Culligan et al, 2002 245  61  85 Any POPQ point < stage II
Brizzolara and 

Pillai-Allen, 2003
124  36  98 No recurrent vault prolapse

Timmons et al, 1992 163  33  99 Good vaginal vault support
Lecuru et al, 1994 203  33 87-100 Anatomically good results
De Vries et al, 1995 101  48  32 Fully cured (patient satisfaction based on 

questionnaire)
Ocelli et al, 1999 271  66  98 Cured for prolapse
Patsner, 1999 175 ≥12  97 No mesh failures
Lindeque and Nel, 2002 262 ≥16  99 No vaginal vault prolapse

POPQ, Pelvic Organ Prolapse Quantifi cation system.

Ch073-X2339.indd   726 1/31/2008   2:53:46 PM



 Chapter 73 OPEN ABDOMINAL SACRAL COLPOPEXY 727

months), the erosion rate was 3.2%, with a median time to the 
appearance of erosion of 15.6 months (range, 2 to 33 months).16 
Although the true incidence of this complication is unknown 
because most reported studies have short follow-up intervals, 
the Pelvic Floor Disorders Network found that the reported 
rate to be 3.4% at 6 months to 3 years.7 Moreover, the reported 
rate of reoperations for mesh-related complications, including 

Table 73-2 Trials of Abdominal Sacral Colpopexy and Vaginal Procedures for Pelvic Organ Prolapse

Study Procedure No. Patients
Follow-up 
(months) Success Rate (%) Criteria for Success

Hardiman and Drutz, 
1996

Sacral colpopexy 125 47 99 No recurrence vault 
prolapse

Sacrospinous vault 
suspension

 80 26 98

Benson et al, 1996 Sacral colpopexy and 
paravaginal repair

 38 30 58 Asymptomatic and 
vaginal apex support 
above levator plate

Sacrospinous vault 
suspension and 
paravaginal repair

 42 30 29

Maher et al, 2004 Sacral colpopexy  47 24 76% objective 
94% subjective

Objective: no prolapse 
beyond the halfway 
point

Sacrospinous vault 
suspension

 48 24 69% objective 
91% subjective

Subjective: no symptoms

Data from Nygaard IE, McCreery R, Brubaker L, et al: Abdominal sacrocolpopexy: A comprehensive review. Am J Obstet Gynecol 104:805-823, 
2004.

erosion and infection, is 3.0%. Although mesh erosion has 
been reported with all available synthetic graft materials (see 
Table 73-3), there are no published randomized trials compar-
ing the erosion rates of these different graft materials. Not 
surprisingly, case series involving nonsynthetic grafts such as 
autologous, cadaveric fascia or dura mater reported no cases 
of erosion.

Table 73-3 Erosion Rates with Different Mesh Materials

Mesh Material Manufacture Reported Rates of Erosion

Polypropylene Prolene
Ethicon Endo-Surgery, Inc.

0.5%

Polyethylene terephthalate Mersilene
Johnson & Johnson

3.1%

Gore-Tex W.L. Gore & Associates, Inc. 3.4%
Tefl on E.I. DuPont de Nemours & Co. 5.5%
Polyethylene Marlex

Phillips Sumika Polypropylene Co.
5.0%

Data from Nygaard IE, McCreery R, Brubaker L, et al: Abdominal sacrocolpopexy: A comprehensive review. Am J Obstet Gynecol 104:805-823, 
2004.
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Part C
POSTERIOR VAGINAL WALL

Chapter 74

POSTERIOR WALL PROLAPSE: 
SEGMENTAL DEFECT REPAIR
Tristi W. Muir

Pelvic organ prolapse is common in women. The lifetime risk for 
undergoing an operation for prolapse or urinary incontinence is 
estimated to be 11.1%.1 The posterior wall of the vagina primarily 
provides support over the anterior rectum and posterior cul-de-
sac. Prolapse of the posterior vaginal wall may result from the 
presence of an enterocele, sigmoidocele, rectocele, or a combina-
tion of these entities. This chapter focuses on the herniation of 
the anterior rectum into the posterior vaginal wall as the cause 
of the prolapse. A variety of surgical procedures are available for 
the management of posterior vaginal wall prolapse, including 
posterior colporrhaphy, site-specifi c defect repair, posterior 
fascial replacement, transanal or transperineal repair, and a sacral 
colpoperineopexy Posterior colporrhaphy and site-specifi c defect 
repair for surgical repair of posterior wall prolapse are 
discussed.

ANATOMY AND PATHOPHYSIOLOGY

The support of the vagina is provided by an interaction of the 
bony pelvis, pelvic fl oor musculature (i.e., levator ani and coc-
cygeus muscles), and the connective tissue supports. The vagina 
is a fi bromuscular tube, which must maintain its position but 
have enough mobility to accommodate urinary, sexual, and def-
ecatory functions. This vaginal tube also must distend to allow 
for childbirth. The pelvic fl oor muscles are composed of two 
functional components, one horizontal and the other vertical. 
The coccygeus muscle and horizontal portion of the levator ani 
muscles provide a backstop of support of the abdominal con-
tents. The urethra vagina and rectum exit the abdominal cavity 
through the levator hiatus. A muscular sling that is chronically 
contracted to close this hiatus but capable of relaxing open to 
allow for urinary, defecatory, and sexual function is provided by 
the puborectalis portion of the levator ani. A continually con-
tracted levator ani muscle closes the levator hiatus and angulates 
the rectal and vaginal tubes toward the pubic symphysis. Ana-
tomically, there are no native fi bers of the levator ani muscles 
traversing the rectovaginal space.

The connective tissue supports of the posterior vaginal wall 
are in continuity from the apical support of the vaginal vault 
(originating at the sacrum) to the perineal body. The apical 
portion of the anterior and posterior vaginal wall is provided by 
the suspensory support of the cardinal-uterosacral ligaments. 
The cardinal-uterosacral ligaments provide a mesentery of 

support directed toward the sacrum (S2 to S4) and pelvic side 
wall. The broad posterior fan of support directs the proximal 
(apical) portion of the vaginal axis posteriorly, and the con-
tracted levator ani muscles direct the midportion of the vagina 
and rectum anteriorly toward the pubic symphysis. This orients 
the proximal vagina and rectum in a horizontal plane, supported 
over the pelvic fl oor muscles rather than a vertical orientation 
through the levator hiatus.2 The connective tissue attachments of 
the midsection of the posterior vaginal wall are directed laterally 
and cranially to the levator ani muscular side wall.3 The proximal 
halves of the posterior and anterior vaginal wall are attached 
to the same condensation of endopelvic fascia on the levator 
ani muscles, the arcus tendineus fasciae pelvis. The distal half of 
the posterior vaginal wall has a separate, caudal attachment to 
the pelvic side wall, the arcus tendineus fasciae rectovaginalis.4 
These separate lines of attachment of the anterior and posterior 
vaginal wall give the distal portion of the vagina an H shape 
(Fig. 74-1).

The perineal body is the central connection between the two 
sides of the perineal membrane, which originates bilaterally on 
the medial portion of the ischiopubic rami. Within the perineal 
body lie the bulbocavernosus muscle, superfi cial transverse 
perinei muscle, and the external anal sphincter and the rectovagi-
nal septum, or Denonvilliers’ fascia. Extending from the poste-
rior cul-de-sac to the perineal body, the rectovaginal septum is 
the fused, endopelvic fascial remnant of the embryonic posterior 
cul-de-sac.5,6 The role of the perineal body is to resist caudally 
directed force provided by the rectum and provide a physical 
barrier between the vagina and rectum. The perineal body’s 
mobility is limited by an intact connective tissue support within 
the vagina from the sacrum to the perineal body and an intact 
perineal membrane from ischiopubic ramus to ischiopubic 
ramus.3

An increase in intra-abdominal pressure, such as a Valsalva 
maneuver, fl attens the horizontally oriented upper vagina against 
the rectum and pelvic fl oor musculature. In the distal vagina, a 
Valsalva maneuver causes an equal increase in pressure against 
the anterior and posterior vaginal walls. No net strain is placed 
on the connective tissue support of the vaginal wall (Fig. 74-2). 
However, if the levator hiatus is widened or not closed, two 
things may happen. First, the vagina may lose the horizontal 
orientation of its axis. As the vagina becomes more vertically 
oriented, intra-abdominal pressure pushes the pelvic organs 
through the levator hiatus and toward the genital hiatus. The 
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730 Section 7 FEMALE ORGAN PROLAPSE

anterior and posterior vaginal walls then do not lie in apposition. 
An increase in intra-abdominal or intrarectal pressure, such as 
that obtained with straining for a bowel movement, is not met 
with an equal measure of pressure of the anterior vaginal wall. 
Instead, the posterior vaginal wall pressure meets the atmospheric 
pressure present in the open vagina (Fig. 74-3). In both situa-
tions, an increase in abdominal pressure places a net force on the 
connective tissue supports of the posterior vaginal wall. This 
force on the connective tissue supports may attenuate or break 

the posterior vaginal wall, or it may uncover damage done by a 
prior event, such as childbirth.

Anything that damages the pelvic fl oor musculature, its inner-
vation, or the connective tissue of the posterior vaginal wall may 
result in prolapse. Damage to the levator ani muscles or innerva-
tion may be traumatic (usually related to childbirth) or be a result 
of neuromuscular diseases or aging. Connective tissue may be 
damaged through trauma (i.e., childbirth or constant straining 
with defecatory dysfunction), congenital disease, or aging. A 
combination of these factors is the likely recipe for the manifesta-
tion of prolapse.

SIGNS AND SYMPTOMS

Many women with posterior wall prolapse are asymptomatic. 
Women who have prolapse that protrudes beyond the hymenal 
ring are more likely to be symptomatic.7 This bulge may be asso-
ciated with vaginal pressure or pain, which worsens as the day 
progresses or with abdominal straining. This bulge may affect 
urinary, sexual, and defecatory functions.

As the posterior vaginal wall balloons upward toward the 
anterior vaginal wall and outward toward the genital hiatus or 
beyond, urinary function may be altered. Inside the vagina, the 
distended posterior vaginal wall may provide additional support 
of the urethra and mask or decrease the severity of urinary incon-
tinence. Urodynamic investigations, with and without reduction 
of the posterior wall prolapse, have demonstrated that when the 
posterior wall prolapse is retracted, there are signifi cant decreases 
in the maximum urethral closure pressure and functional ure-
thral length and an increase in leak volumes.8 Beyond the genital 
hiatus, posterior wall prolapse may partially obstruct the external 
urethral meatus, altering the stream of urine.

Sexual function is a complicated issue involving both part-
ners’ psychological and physical well-being. Prolapse protruding 
beyond the genital hiatus may lead to an altered body image 
and self-esteem. This may be worsened by fear of urinary or 
anal incontinence. Prolapse may be signifi cant enough to require 

Figure 74-1 Lateral attachment of the anterior and posterior 
vaginal walls. The lateral support of the anterior wall fuses at the 
arcus tendineus fasciae pelvis (ATFP), which extends from the back 
of the pubic bone to the ischial spine (IS). The distal lateral 
connection of the posterior vaginal wall is more posterior, the arcus 
tendineus fasciae rectovaginalis (ATFR). The proximal connection of 
the posterior vaginal wall is the ATFP. (Courtesy of the Cleveland 
Clinic Foundation.)

Figure 74-2 Equalization of pressure in the anterior and posterior 
vaginal walls (arrows). The pressure on the anterior vaginal wall 
and the posterior vaginal wall (PVW) is equal, and no strain is 
placed on the connective tissue supports of the vaginal walls. The 
perineal body (PB) is intact and resists the downward intrarectal 
force. ARW, anterior rectal wall. (Courtesy of the Cleveland Clinic 
Foundation.)

Figure 74-3 Rectocele. In a woman with an open vagina, the 
pressure within the rectum is met by atmospheric pressure. The 
anterior vaginal wall does not provide equilibrating force, and there 
is stress (arrow) placed on the posterior vaginal wall’s connective 
tissue. This may lead to rectocele formation. (Courtesy of the 
Cleveland Clinic Foundation.)
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reduction before even attempting to have vaginal intercourse. A 
widened genital hiatus may decrease sensation for both partners 
during intercourse. The woman’s partner may also be concerned 
about causing pain or discomfort or about contributing to wors-
ening of the prolapse.

Defecatory dysfunction and pelvic organ prolapse often coexist 
in women. A ballooning of the anterior rectum into the posterior 
vaginal wall or perineal body may alter the process of defecation. 
Stool may be trapped in the distended rectal pouch, leading to 
incomplete rectal emptying. Women may employ digitally placed 
pressure in the vagina, on the perineal body, or within the rectum 
to evacuate the stool. Some woman may perceive this as constipa-
tion (i.e., straining to have a bowel movement or an unproduc-
tive urge to defecate). However, constipation is often unrelated 
to a rectocele, such as that related to irritable bowel syndrome, 
slow-transit colon, or secondary constipation related to medica-
tions or neurologic disorders. Determining if the woman’s defe-
catory dysfunction is related to her posterior prolapse may be 
diffi cult to discern. Weber and colleagues9 examined bowel func-
tion and severity of posterior wall prolapse and found no correla-
tion. If a woman’s sole defecatory complaint is incomplete rectal 
emptying that resolves with vaginal splinting, she is likely to have 
functional improvement after surgical correction.

A thorough history, including direct questions about fecal 
incontinence, should be obtained. Fecal incontinence may also 
coexist with posterior vaginal wall prolapse. There is an associa-
tion with a rectocele, which protrudes beyond the hymen and 
anal incontinence.10 A descending perineum may provide stretch 
on the pudendal nerve, which innervates the external anal sphinc-
ter. This stretch injury may lead to denervation of the external 
anal sphincter and fecal incontinence. Prior obstetric trauma that 
injures the external anal sphincter may also result in fecal 
incontinence.

The goal of the physical examination is to recreate the woman’s 
symptoms. A validated measure of pelvic organ prolapse is the 
Pelvic Organ Prolapse Quantifi cation (POPQ) system.11 The 
POPQ examination includes measures of the uterus or vaginal 
cuff, posterior cul-de-sac, anterior and posterior vaginal walls, 
perineal body, and genital hiatus at maximal strain. Total vaginal 
length is assessed at rest. The posterior vaginal wall may be visual-
ized with the posterior blade of a bivalve speculum or with a Sims 
speculum with the woman in the dorsal lithotomy or semirecum-
bent position. In most women, there is excellent correlation 
between the dorsal lithotomy and standing positions.12 Confi r-
mation of the recreation of the woman’s maximal protrusion can 
be facilitated with a hand-held mirror. If a woman describes 
prolapse that is more signifi cant than that observed in the supine 
or sitting positions, a standing examination may be employed.

A rectovaginal examination should accompany the physical 
examination. The tone of the external anal sphincter at rest and 
with squeeze may be assessed. With digital pressure directed 
toward the anterior rectal wall, areas of weak support and peri-
neal body mobility can be evaluated. The clinical examination for 
identifying site-specifi c defects through a rectovaginal examina-
tion was found to be inaccurate when compared with site-specifi c 
defects found intraoperatively.13 However, the rectovaginal 
examination may help to differentiate an enterocele from a rec-
tocele. Palpation of loops of bowel between the rectum and 
vagina is consistent with an enterocele. This may be more evident 
in the standing position or with a Valsalva maneuver. Digital 
pressure placed on the posterior wall of the vagina directed 
toward the rectum may uncover rectal prolapse.

A focused neurologic examination to evaluate S2 to S4 should 
accompany the physical examination. Sensation may be deter-
mined by asking the patient to discriminate between sharp and 
dull sensations. Pelvic fl oor strength may be determined with the 
examiner’s two fi ngers in the vagina and asking the patient to 
contract the pelvic fl oor (i.e., perform a Kegel exercise). Strength 
and duration of this contraction can be determined. Tenderness 
or spasm of the levator ani muscles may be uncovered on clinical 
examination. If a woman is unable to relax the levator ani muscles, 
anismus may be the cause of her obstructed defecation. Anismus, 
or paradoxical puborectalis contraction, often responds to bio-
feedback or botulinum toxin.14,15 Refl ex testing of the bulbocav-
ernosus refl ex and anal wink may be performed.

Ancillary tests may be considered in the evaluation. Urody-
namics with prolapse reduction may be indicated in a woman 
with complaints of urinary incontinence or for evaluation of 
potential urinary incontinence. Anorectal or colonic transit 
studies may help differentiate the potential causes of defecatory 
dysfunction. If the woman’s primary complaint is related to her 
defecatory dysfunction rather than the bulge of the posterior 
vaginal wall, further defecatory testing should be performed 
before surgery. Incomplete emptying of the rectum may be 
caused by a paradoxical puborectalis contraction or slow-transit 
colon. Endoanal ultrasonography is useful in a woman with fecal 
incontinence to determine whether there is an anatomic defect 
in the external and internal anal sphincters. Imaging studies such 
as defecography and magnetic resonance imaging are used 
uncommonly for further elucidation of the anatomy of the 
prolapse.

TECHNIQUE

The vaginal epithelium is opened with a transverse incision at the 
posterior fourchette. The posterior vaginal epithelium is then 
opened in the midline to a level proximal to the bulge and dis-
sected away from the underlying fi bromuscularis. The dissection 
is extended laterally to the endopelvic fascial attachment of the 
posterior vaginal wall to the arcus tendineus fasciae pelvis and 
arcus tendineus fasciae rectovaginalis (Fig. 74-4).

Posterior Colporrhaphy

The underlying fi bromuscularis of the posterior vaginal wall is 
exposed. A posterior colporrhaphy uses interrupted sutures 
to reduce the redundancy of the posterior fi bromuscularis 
(Fig. 74-5). A delayed-absorbable 2-0 suture is used. A vertically 
oriented suture may reduce the length and width of the posterior 
vaginal wall. Care should be taken to maintain adequate vaginal 
caliber (i.e., approximately 3 fi ngerbreadths) and to avoid ridging 
of the posterior vaginal wall. If a suture constricts the vagina or 
creates a ridge, the suture should be removed and replaced. The 
vaginal epithelium is trimmed and closed with a 2-0 absorbable 
suture. It is important to avoid over-trimming the vaginal epi-
thelium, particularly in a postmenopausal woman with vaginal 
atrophy or a woman with prior vaginal surgery and a constricted 
vagina. A perineorrhaphy may be performed to correct perineal 
body defects.

A plication of the levator muscles in the midline has been 
performed in conjunction with a posterior colporrhaphy in some 
patients. This may be indicated in a woman with a signifi cantly 
widened levator hiatus. This is not the anatomic position of the 
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levator ani muscles, but it may further narrow the vaginal 
caliber. A levator plication has been suggested to be a contributor 
to postoperative dyspareunia in women undergoing this 
procedure.16

A vaginal pack and Foley catheter are placed for 2 to 24 
hours postoperatively. Voiding trials should be performed 
postoperatively to ensure that the patient is able to void 
adequately.

Site-Specifi c Defect Repair

After dissection of the posterior vaginal epithelium off the under-
lying fi bromuscularis, the fi bromuscularis (i.e., rectovaginal 
fascia) is carefully inspected to identify breaks. Irrigation and a 
digital rectal examination, placing upward pressure in the ante-
rior rectal wall, may facilitate identifi cation of the defects in the 
fi bromuscularis (Fig. 74-6). Defects of the posterior vaginal 
wall may occur as isolated defects in the lateral, distal, midline, 
and superior portions of the wall or as a combination of defects 
(Fig. 74-7). The identifi ed breaks are individually isolated and 
repaired (Fig. 74-8). Delayed-absorbable or nonabsorbable 1-0 
or 2-0 suture may be used. If the fi bromuscularis of the posterior 
wall has lost apical attachment, the fi bromuscularis should be 
reattached to the apical support (through reattachment to a well-
supported vaginal apex or attachment to the concurrent apical 
support procedure, such as a sacrospinous or uterosacral vaginal 
vault suspension). Apical lateral support may be obtained with a 
unilateral or bilateral iliococcygeal suspension of the fi bromus-
cularis. The suture is placed through the iliococcygeus fascia on 

Figure 74-4 Dissection of the posterior vaginal wall epithelium. The 
underlying fi bromuscularis of the posterior vaginal wall is exposed, 
and the perineal body is opened in the midline. (Courtesy of the 
Cleveland Clinic Foundation.)

Figure 74-5 Posterior colporrhaphy. A midline plication of the 
fi bromuscularis of the posterior vaginal wall is performed with 
interrupted sutures. (Courtesy of the Cleveland Clinic Foundation.)

Figure 74-6 Identifi cation of site-specifi c defects. After dissection 
of the posterior vaginal wall epithelium, a rectovaginal examination 
is helpful in the identifi cation of defects in the fi bromuscularis of 
the posterior vaginal wall. (Courtesy of the Cleveland Clinic 
Foundation.)
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the lateral side wall (distal to the ischial spine) and then through 
the ipsilateral apical portion of fi bromuscularis. If a distal defect 
is present, such as a separation of the fi bromuscularis from the 
perineal body, the defect is repaired with absorbable suture in an 
attempt to reduce the incidence of postoperative dyspareunia. 
The vaginal epithelium is closed without signifi cant trimming. 
Perineal body defects are also repaired with interrupted sutures. 
A levator plication is not performed.

A vaginal pack and Foley catheter are placed for 2 to 24 
hours postoperatively. Voiding trials should be performed 
postoperatively to ensure that the patient is able to void 
adequately.

Perineorrhaphy

The perineal body should be in continuity with the posterior 
vaginal wall repair. The perineal body may be opened with a 
midline, vertical incision. In a woman with a very short perineal 
body, a transverse or curvilinear incision may be made to expose 
the perineal body. The bulbocavernosus muscles are identifi ed 
bilaterally and plicated. Similarly, the superfi cial transverse 
perinei muscles are plicated (Fig. 74-9). The plicated bulbocav-
ernosus muscles may be reattached to the repaired rectovaginal 
fi bromuscularis with an interrupted suture. With these sutures, 
the perineal membrane is reestablished, and the perineal body is 
in continuity with the support of the vagina.

SURGICAL OUTCOMES

The goals of pelvic reconstructive surgery are to correct the ana-
tomic defect, improve function, and avoid complications. The 
diffi culty in achieving these goals lies in function. The woman’s 
defecatory dysfunction may coexist with her prolapse rather than 

Figure 74-7 Location of site-specifi c defects in the fi bromuscularis 
of the posterior vaginal wall. Transverse defects (T) may be apical 
or distal. Lateral defects (L) may occur as the fi bromuscularis 
separates from its lateral attachment. Midline defects (M) may also 
occur. Often, a combination of these defects is found. (Courtesy of 
the Cleveland Clinic Foundation.)

Figure 74-8 Repair of a left lateral defect with interrupted sutures. 
(Courtesy of the Cleveland Clinic Foundation.)

Figure 74-9 Perineorrhaphy. After the completion of the posterior 
repair, the perineal body is reconstructed by plicating the 
bulbocavernosus muscles and the transverse perinei muscles. 
(Courtesy of the Cleveland Clinic Foundation.)
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be a symptom of her prolapse. In this case, anatomic correction 
will be unlikely to improve her function. Surgical correction may 
interfere with defecatory and sexual functions. Historically, effi -
cacy has been related to anatomic cure, but evaluating functional 
outcomes is equally important.

The posterior colporrhaphy was introduced in the 19th 
century. The goals of this procedure were to narrow the vaginal 
tube and genital hiatus and to create a shelf of support. It has 
remained a commonly performed surgical procedure for poste-
rior wall prolapse. The traditional posterior colporrhaphy has an 
anatomic cure rate of 71% to 100% (Table 74-1).16-23

The site-specifi c defect repair approach to rectocele repair 
relies on theory advocated by A. Cullen Richardson, that the 
herniation of the rectum into the vagina is the result of iden-
tifi able defects in the fi bromuscularis (rectovaginal fascia) or 
its attachment to the pelvic side wall.24 The anatomic cure 
rate of the site-specifi c posterior repair is 77% to 100% 
(Table 74-2).23,25-29

The primary reason that this method of repair of posterior 
wall prolapse has been embraced is that it more often avoids the 
risk of postoperative dyspareunia. With the exception of the ret-
rospective review by Abramov and colleagues23 of women under-
going a site-specifi c posterior repair, there was no change or a 

decrease in dyspareunia in the series involving site-specifi c pos-
terior repairs (see Table 74-2).25-29 Abramov and colleagues23 were 
the fi rst to compare anatomic and functional outcomes in women 
who underwent a site-specifi c posterior repair (undertaken in 
women with specifi c defects identifi ed in the fi bromuscularis 
intraoperatively) with those who had undergone a posterior col-
porrhaphy without a levator plication (undertaken in women 
without identifi able breaks in the fi bromuscularis) during the 
same time period.23 Objective and subjective anatomic outcomes 
were better for the women undergoing a posterior colporrhaphy 
compared with those undergoing a site-specifi c repair. Func-
tional outcomes were similar for the two groups. Improvement 
in defecation has also been described with this method of repair 
(see Table 74-2).23,25-29

Cundiff and coworkers25 did not perform a perineorrhaphy in 
women who underwent a site-specifi c posterior repair. However, 
the perineal body was stabilized through reestablishment of the 
continuity of connective tissue support within the posterior 
vaginal wall from the sacrum to the perineal body. The stabiliza-
tion of the perineal body was refl ected in a signifi cant reduction 
in the size of the genital hiatus despite not having performed a 
perineorrhaphy (4.8 cm preoperatively versus 2.5 cm postopera-
tively, P < .0001).25

Table 74-1 Surgical Outcomes for Posterior Colporrhaphy

Study
No. of Patients
at Follow-up

Mean
Follow-up

(mo)

Anatomic
Cure Rate 

(%)

Incomplete Evacuation Sexual Dysfunction

Preop (%) Postop (%) Preop (%) Postop (%)

Francis and Jeffcoate, 1961 177 ≥24  94  7 50
Arnold et al, (1990)*  22 ≥24  77  20 23
Mellgren et al, 1995  25  12  80  48  0  6 19
Kahn and Stanton, 1997 171  42.5  76  27 38 18 27
Lopez et al, 2002†  24   9 100  68 36 18 23
Sloots et al, 2003  14   8  71 100 29 21 29§

Maher et al, 2004  38  12.5  87 100 16 37  5
Abramov et al, 2005‡ 183  12  96  30¶ 34¶  8 17

*Cure defi ned as % satisfi ed.
†Anatomic cure rate of 100% on clinical examination; 84% cure rate by defecography.
‡Cure defi ned as no prolapse beyond the hymenal ring.
§Includes one sexually inactive woman with postoperative de novo pelvic pain.
¶Defi ned as constipation.

Table 74-2 Surgical Outcomes for Site-Specifi c Defect Repair

Study
No. of Patients 
at Follow-up

Mean 
Follow-up 

(mo)

Anatomic 
Cure Rate 

(%)

Incomplete Evacuation 
or Splinting Sexual Dysfunction

Preop (%) Postop (%) Preop (%) Postop (%)

Cundiff et al, 1998  43 12  82 39 25 29 19
Glavind et al, 2000  65  3 100 40  5 12  6
Kenton et al, 1999  46 12  77 30 15 28  2
Porter et al, 1999  89 18  82 24 14 67 46
Singh et al, 2003*  33 18  92 57 27 31 24
Abramov et al, 2005† 124 12  89 33‡  37‡  8 16

*Cure defi ned as resolution of symptom of “feeling of vaginal protrusion.”
†Cure defi ned as no prolapse beyond the hymenal ring.
‡Defi ned as constipation.
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COMPLICATIONS

Short-term complications associated with a posterior colporrha-
phy or site-specifi c posterior repair include pain, constipation, 
and temporary urinary retention. Hematoma, infection, and 
inclusion cyst formation occasionally occur with all vaginal oper-
ations. Injury to the rectum with subsequent development of a 
rectovaginal or rectoperitoneal fi stula is uncommon. Recurrent 
prolapse and de novo defecatory complaints may occur. Postop-
erative development of dyspareunia is widely reported after a 
posterior colporrhaphy (see Table 74-1).16-23 This complication 
paved the road of acceptance of the site-specifi c posterior 
repair.

Postoperative sexual dysfunction related to prolapse repair, 
primarily dyspareunia, has been reported for decades. Francis 
and Jeffcoate17 reported that 70 (50%) of 140 women who had 
undergone an anterior and posterior colporrhaphy with perine-
orrhaphy said they had apareunia or dyspareunia. Most (43 of 
70)of the women with postoperative apareunia or dyspareunia 
were found to have a signifi cantly narrowed postoperative vagina 
that would admit only one fi nger. Kahn and Stanton16 found an 
increase in the number of women with dyspareunia from 18% 
(preoperative evaluation) to 27% (postoperative evaluation) 
after an anterior and posterior colpoperineorrhaphy. The inves-
tigators routinely plicated the levator ani muscles and proposed 
that pressure atrophy of the levator ani and resultant scar forma-
tion contributed to the development of postoperative dyspareu-
nia. Haase and Skibsted30 reported that 5 (21%) of 24 women 
who underwent a prolapse operation that included a posterior 
colpoperineorrhaphy experienced worsening or de novo dyspa-
reunia. The appeal of the site-specifi c posterior repair is that 
ridging or excessive narrowing of the posterior vaginal wall can 
be avoided, which decreases the likelihood of the postoperative 
development of dyspareunia.

Although most studies of women undergoing a posterior 
colporrhaphy or site-specifi c defect repair have found an 
improvement in rectal emptying (see Tables 74-1 and 74-2), 
rectocele repair has been associated with postoperative fecal 
incontinence. Kahn and Stanton16 reported that de novo fecal 

incontinence occurred in 14 (8%) of 171 women after a posterior 
colporrhaphy. A strong association was found between fecal 
incontinence and a history of more than one posterior 
colporrhaphy.16

CONCLUSIONS

The posterior vaginal wall is composed of interactions among the 
bony pelvis, pelvic fl oor muscles, and connective tissue supports. 
Alterations or injuries to these support units may lead to 
prolapse.

Posterior vaginal wall prolapse may be asymptomatic and 
require no treatment. Women with symptoms of vaginal protru-
sion, pressure or pain, defecatory dysfunction (specifi cally outlet 
obstruction leading to incomplete evacuation or need to splint 
to have a bowel movement), or sexual dysfunction may desire 
surgical management.

Surgical options commonly employed include posterior col-
porrhaphy (with and without a levator plication) and site-specifi c 
defect repair. Both of these posterior vaginal wall repairs may be 
performed with or without the addition of a perineal body repair 
(i.e., perineorrhaphy). Posterior colporrhaphy is effective at 
reducing the vaginal mass of the rectocele, but some studies have 
associated this anatomic improvement with an increased inci-
dence of de novo dyspareunia and fecal incontinence. Levator 
plication may increase the risk of dyspareunia. It is essential 
to maintain adequate vaginal caliber and to avoid ridging of the 
vaginal tube when performing a posterior colporrhaphy. Site-
specifi c defect repair is also effective at correcting prolapse, 
although Abramov and colleagues23 suggest that it is not as ana-
tomically successful as the posterior colporrhaphy. The vaginal 
caliber usually is maintained with a site-specifi c defect approach, 
and the risk of postoperative de novo dyspareunia is lower than 
with a posterior colporrhaphy. Augmentation of prolapse repair 
surgery has been performed using biologic and synthetic grafts. 
Prospective, randomized trials are needed to compare techniques 
and their outcomes, including anatomic and functional effi cacy 
and complication rates.
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Chapter 75

POSTERIOR REPAIR USING 
CADAVERIC FASCIA
Sarah A. Rueff and Gary E. Leach

Traditional posterior colporrhaphy for symptomatic rectoceles 
has been associated with failure rates as high as 35% and de novo 
dyspareunia rates ranging from 6% to 41%.1 The technique 
involves midline plication of the levator muscles and rectovaginal 
fascia to obliterate the fascial defect and perineorrhaphy to reap-
proximate the central tendon and perineal body.2 Inherent prob-
lems exist with traditional posterior repair. First, the success of 
the repair relies on the patient’s own tissue, which has already 
shown a propensity for weakness. Second, by attempting to oblit-
erate the fascial defects, the patient’s anatomy is inevitably dis-
torted, and the procedure can result in vaginal narrowing and 
dyspareunia. The patient may complain of constriction of the 
vaginal tube or may feel a ridge in the midline of the posterior 
wall due to suture placement.

The use of defect-specifi c rectocele repair is an attempt to 
alleviate the vaginal narrowing and dyspareunia associated with 
traditional repair. The technique involves identifi cation of fascial 
tears and plicating nearby durable fascia over the defect. Recur-
rence rates of 18% to 23% with mean follow-up periods of 12 
to18 months have been reported along with variable improve-
ments in bowel habits.3-5 As with traditional colporrhaphy, the 
repair relies on the patient’s inherently weak tissues to repair 
fascial defects. By failing to address the entire posterior vaginal 
wall, all areas of fascial weakness may not be identifi ed, increasing 
the likelihood of failure.

Rectocele repair with cadaveric fascia attempts to address the 
inherent problems of traditional and defect-specifi c rectocele 
repair. First, by graft interposition, all areas of weakness within 
the posterior compartment are addressed simultaneously. Second, 
the use of solvent-dehydrated, nonfrozen cadaveric fascia lata 
avoids the use of the patient’s own weak tissues. Third, the fascia 
is secured to the levator complex without tension, as is often 
necessary with traditional repair, preventing vaginal narrowing. 
Fourth, avoidance of tissue plication prevents the patient from 
feeling a ridge in the midline and preserves the width of the 
introitus. For these reasons, we think rectocele repair with cadav-
eric fascia offers several advantages over traditional posterior 
vaginal reconstruction techniques.

CADAVERIC FASCIA

The choice of fascia for rectocele repair with cadaveric fascia is 
of utmost importance in determining surgical outcome. Fascia 
lata is strong, regardless of a patient’s age or medical condition, 
and it has three to four times more tensile strength than rectus 
fascia.6 Our choice of fascia is Tutoplast (Mentor Corp., Santa 
Barbara, CA). Tutoplast is prepared by a fi ve-step process that 
involves screening of donors, cleansing, denaturization of anti-

gens and viruses, solvent dehydration, and gamma irradiation. 
The tensile strength and tissue stiffness of nonfrozen cadaveric 
fascia lata has been investigated, and it is comparable to that 
of autologous fascia lata.7 Studies have compared solvent-
dehydrated and freeze-dried cadaveric fascia lata, another com-
mercially available preparation. Solvent-dehydrated fascia lata 
has signifi cantly greater stiffness, maximum load to failure, and 
maximum load per unit of graft compared with freeze-dried 
fascia lata.8

All commercially available cadaveric fascia lata is not the 
same. The method used to prepare the tissue ultimately affects 
its tensile strength and subsequent surgical outcomes. We prefer 
the use nonfrozen cadaveric fascia to commercially available syn-
thetic mesh material, which carries inherent risks of erosion and 
infection. Milani and colleagues9 described 31 women who 
underwent posterior repair with Prolene mesh who had an 
erosion rate of 6.5%. Other studies have reported similar fi nd-
ings, with erosion rates as high as 48%.10

PREOPERATIVE EVALUATION

Before undergoing rectocele repair, a thorough history is obtained 
focusing on the symptoms associated with posterior prolapse. 
Based on the results of a series of questions in the Rectocele 
Symptom Inventory (Table 75-1), patients are assigned a preop-
erative score that correlates with the degree of symptoms. Ques-
tions focus on three areas of symptoms bowel function with 
symptoms that include straining, stool trapping, the need to 
manually reduce the rectocele to facilitate defecation, or a feeling 
of incomplete emptying after defecation; prolapse symptoms, 
which include vaginal pressure or the feeling of sitting on a ball; 
and sexual function, which includes dyspareunia and overall 
sexual satisfaction. We do not routinely repair rectoceles that are 
asymptomatic or low grade because the theoretical risks of surgery 
or its side effects outweigh the benefi t gained. For patients who 
present with constipation or bowel dysfunction that does not 
correlate with the severity of posterior prolapse, referral to a 
gastroenterologist or colorectal surgeon may be benefi cial before 
considering surgical repair.

Physical Examination

A systematic examination of the anterior, apical, and posterior 
compartments is performed with the patient in the dorsal lithot-
omy position. The posterior blade of a Graves speculum is used 
to displace the anterior vaginal wall and examine the posterior 
wall at rest and with straining. A simultaneous rectal examination 
using the index fi nger is performed to push the posterior vaginal 

737

Ch075-X2339.indd   737 1/31/2008   2:54:25 PM



738 Section 7 FEMALE ORGAN PROLAPSE

wall forward (Fig. 75-1). Finger examination allows simultaneous 
assessment of the integrity of the rectovaginal fascia and the 
integrity of the external anal sphincter. Sphincter evaluation is 
especially important in patients who complain of fecal inconti-
nence, and it can rule out other causes of defecatory dysfunction 

(e.g., rectal prolapse or intussusception, large hemorrhoids, skin 
tags). The perineal body should be evaluated for associated 
defects. Patients who present with a widened vaginal introitus or 
a shortened perineum, signifi ed by a decreased distance between 
the posterior margin of the vagina and the anterior margin of the 
anus, may benefi t from a simultaneous perineal repair.

We use the Baden-Walker system to classify rectoceles pre-
operatively (Table 75-2). In most cases, grade 1 rectoceles are 
incidental fi ndings and asymptomatic. Only patients with grade 
2 to grade 4 rectoceles and associated symptoms of stool trapping 
or the need to splint the vagina or perineum to facilitate defeca-
tion are considered candidates for surgical repair.

Ancillary Testing

No further evaluation is necessary in patients who present with 
symptomatic posterior prolapse without complicating factors. 
Patients with associated voiding complaints or anterior wall pro-
lapse should undergo urodynamic evaluation before surgical 
intervention.

Table 75-1 Rectocele Symptom Inventory

In the past month, how often 
have you experienced the
stated symptoms?

Scoring*

All of the time (4) Most of the time (3) Some of the time (2) Rarely (1) Never (0)

I have to push or strain to have a 
bowel movement

I feel the stool “gets stuck” when 
having a bowel movement

I assist my rectum by placing my 
fi nger in the vagina or pressing 
on the skin outside of the 
vagina to have a bowel 
movement

I feel that I have not completely 
emptied my bowels after 
having a bowel movement

I feel the sensation of pressure in 
my rectum or vagina or have 
the sensation of “sitting on a 
ball”

I have pain with sexual relations
My ability to have sexual relations 

is satisfactory to me
Not sexually active (0) Most of the time (0) Some of the time (2) Not satisfactory (4)

*On the Rectocele Symptoms Inventory (RSI), the total score may range between 0 and 28.

Figure 75-1 Examination of the posterior compartment with the 
index fi nger inserted into the rectum. Using the fi nger to push the 
posterior vaginal wall forward may reveal posterior wall weakness 
consistent with rectocele.

Table 75-2 Baden-Walker Rectocele Classifi cation

Anatomic Grade Description

Grade 1 Posterior wall protrusion toward introitus 
with strain

Grade 2 Posterior wall protrusion to the introitus 
with strain

Grade 3 Posterior wall protrusion outside of the 
introitus with strain

Grade 4 Posterior wall protrusion outside of the 
introitus at rest
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When patients have anatomic abnormalities (e.g., sigmoido-
cele, rectal prolapse, internal hemorrhoids) that can cause 
overlapping symptoms, defecating proctography may provide 
additional anatomic information. The study can also provide 
functional information regarding the effi ciency of rectal empty-
ing.10 In other situations, given the patient’s body habitus or 
limitations in lower extremity mobility, it may be diffi cult to 
delineate the exact compartment of prolapse. Dynamic magnetic 
resonance imaging (MRI)provides additional information that 
enables the appropriate treatment recommendation to be made. 
The study is performed with the patient in the standing position 
and consists of rapid-sequence MRI of the pelvis at rest and 
during Valsalva maneuvers. By simultaneous examination of all 
intrapelvic compartments, for example, an enterocele can be dis-
tinguished from a high rectocele and the appropriate operative 
procedure recommended.

PREOPERATIVE PREPARATION

Before performing prolapse repair, the urine is confi rmed to be 
sterile. Patients are not routinely instructed on self-catheteriza-
tion unless simultaneous transvaginal sling or cystocele repair is 
planned or the patient has incomplete emptying preoperatively. 
Preferably, patients should be started on stool softeners preop-
eratively in an attempt to regulate bowel function. Patients with 
vaginal wall atrophy should use estrogen vaginal cream for 4 to 
6 weeks before surgery. Patients are instructed to use one third 
of an applicator of estrogen cream three times each week to 
improve the quality of tissue and postoperative healing proper-
ties. A povidone-iodine vaginal douche and a Fleet enema are 
performed the night before and the morning of surgery. Peri-
operative antibiotics are administered, preferably using a fi rst-
generation cephalosporin, ampicillin, or vancomycin (if allergic 
to penicillin) combined with an aminoglycoside.

When indicated, simultaneous transvaginal repair of associ-
ated anterior or apical prolapse is performed with the rectocele 
repair with cadaveric fascia. When multiple repairs are to be 
done, the rectocele repair with cadaveric fascia is performed last. 
A thorough discussion of the risks and complications of the pro-
cedure is undertaken with the patient before repair. Patients are 
counseled regarding the goals of surgery, which include restora-
tion of anatomy, improvement of or relief from associated symp-
toms, and maintenance or restoration of visceral and sexual 
function.11 Paraiso and coworkers12 evaluated preoperative and 
postoperative symptoms that may predict outcome after a tradi-
tional posterior colporrhaphy. They found that preoperative con-
stipation or straining to defecate predicted poor outcome after 
rectocele repair.12

OPERATIVE PROCEDURE

The procedure is performed with the patient in the dorsal lithot-
omy position. A Foley catheter is placed, and a Scott retractor 
(Lonestar, Houston, TX) is secured to the medial buttocks with 
towel clamps. When other procedures will be performed (e.g., 
transvaginal sling, cystocele repair, vaginal hysterectomy, entero-
cele repair, vaginal vault suspension), the procedures are com-
pleted, and the vaginal epithelium is closed before rectocele 
repair. To begin, a 1-0 silk suture is used to mark the apex of the 
rectocele, and the posterior vaginal wall is infi ltrated with saline. 

A midline incision is made in the posterior vaginal wall from the 
marking suture to the vaginal introitus. Using Metzenbaum 
scissors, the posterior vaginal wall is dissected off of the rectum 
on the white, shiny layer of the inner aspect of the vaginal wall. 
Dissection is continued until the levator complex, consisting of 
the levator ani musculature and the remaining rectovaginal 
fascia, is exposed bilaterally (Fig. 75-2). Four 1-0 polydioxanone 
attachment sutures (two per side) are placed laterally into the 
levator complex (Fig. 75-3), a fi fth suture is placed at the apex 
of the rectocele near the previously placed marking suture, 
and a sixth suture is placed distally within the perineal body 
(Fig. 75-4).

A 4 × 7 cm piece of nonfrozen cadaveric fascia lata (Tuto-
plast), presoaked in antibiotic solution, is used to close the 

Figure 75-2 The rectum is dissected off of the posterior vaginal 
wall until the levator complex is exposed bilaterally.

Figure 75-3 Two 1-0 polydioxanone sutures are placed within the 
levator complex on each side for attachment to the nonfrozen 
cadaveric fascia.
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rectovaginal fascial defect. The edges of the fascia are folded over 
to minimize chances of suture pull-through.13 The previously 
placed sutures are passed through the fascia on one side and tied 
(Fig. 75-5). The contralateral fascia edge is folded over, and the 
site for suture placement is measured to allow for proper tension. 
The contralateral sutures, apical suture, and distal suture are then 
passed through the fascia and tied (Fig. 75-6). Irrigation with 
antibiotic solution is performed throughout the procedure. After 
hemostasis is obtained, redundant vaginal epithelium is trimmed, 
and the incision is closed with running 2-0 absorbable 
suture. Care should be taken to avoid excess trimming of the 
vaginal epithelium and resultant tension on the vaginal closure, 
which can result in wound separation or vaginal narrowing 
postoperatively.

In patients with whom perineal reconstruction is indicated, 
Allis clamps are placed on the posterior fourchette at the 5-
o’clock and 7-o’clock positions. The mucocutaneous junction 
and the underlying tissue are excised to expose the underlying 
perineal body. Vertical mattress sutures using 1-0 absorbable 
sutures are placed to reapproximate the central tendon, which is 
formed by the bulbocavernosus, superfi cial, and deep transverse 
perinei muscles (i.e., the urogenital diaphragm) and the external 
anal sphincter musculature at their junction with the levator ani 
musculature.14 A subcuticular stitch is used to reapproximate the 
perineal skin.

At the conclusion of the repair, the vagina should comfortably 
admit two or three fi ngers (Fig. 75-7). A Foley catheter and a 
Betadine-soaked vaginal pack are left in place.

Figure 75-4 Sutures are in place within the levator complex 
bilaterally. Sites for apical suture and distal perineal suture are 
exposed.

Figure 75-5 Sutures on one side are passed through the folded 
fascial edge and tied.

Figure 75-6 The remaining sutures are passed through the fascia 
and tied with the proper amount of tension.

Figure 75-7 Vaginal width and depth are maintained after the 
rectocele repair with cadaveric fascia.
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POSTOPERATIVE CARE

The vaginal packing and Foley catheter are removed on the 
morning of the fi rst postoperative day. Fluid intake is restricted 
to 1500 mL per day. A voiding trial is administered, and residual 
urine measurement is obtained by means of intermittent cathe-
terization. If residual urine measurements are more than 100 mL, 
patients are again instructed on self-catheterization. Urinary 
retention is a temporary complication reported for up to 12.5% 
of patients after posterior repair.15

Patients are continued on intravenous antibiotics for 24 hours 
postoperatively and then begun on an oral antibiotic (cephalexin 
or fl uoroquinolone) for 1 week to minimize the risk of wound 
infection. Patients are routinely discharged on postoperative day 
one with oral analgesics. Stool softeners are continued for 1 
month, and patients are counseled to avoid straining with defeca-
tion. Patients with elevated postvoid residual volumes are 
instructed to continue to monitor at home by self-catheterization 
until residual urine volumes are consistently less than 100 mL. If 
a patient is unable to learn or is uncomfortable performing self-
catheterization, she can be discharged home with a Foley catheter 
and return for a trial of void in the offi ce. At time of discharge, 
patients are instructed to avoid heavy lifting or straining and to 
observe pelvic rest (i.e., no intercourse, no tampons) for 6 weeks 
postoperatively.

Patients are seen for follow-up at 1 week, 6 weeks, 6 months, 
12 months, and yearly thereafter. Evaluation consists of urinaly-
sis, postvoid residual urine measurement, and physical examina-
tion. Patients are administered the confi dential Rectocele 
Symptom Inventory preoperatively and at 6-month intervals 
postoperatively, the results of which are entered into a prospec-
tive database (see Table 75-1).

RESULTS

Prolapse Outcomes

Rectocele repair with cadaveric fascia has been performed on a 
total of 53 patients between the ages of 31 and 86 years (mean, 
59.7 years). Forty patients (75%) had at least 6 months’ follow-up 
(range, 6 to 54 months; mean, 19.6 months). All patients had 
symptomatic grade 2 to 4 rectoceles preoperatively. For 29 
(72.5%) of 40 patients, rectoceles were grade 3; for 7 (17.5%) of 
40 patients, rectoceles were grade 4; and for 4 (10%) of 40 
patients, rectoceles were grade 2. Only 2 (50%) of 40 patients 
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Figure 75-8 Rectocele Symptom Inventory: preoperative to postoperative changes. BM, bowel movement.

have had symptomatic rectocele recurrences (one grade 2 recto-
cele and one grade 3 rectocele).

Symptom Outcomes

Thirty-nine patients (74%) have at least 6 months of question-
naire follow-up (range, 6 to 50 months; mean, 25.1 months). A 
comparison of preoperative to postoperative symptoms based on 
questionnaire responses is provided in Figure 75-8. Specifi cally, 
33 (85%) of 39 patients complained of signifi cant symptoms of 
stool trapping preoperatively, and 13 (33%) of 39 complained of 
the need to perform vaginal or perineal splinting or postural 
changes to facilitate defecation preoperatively. Postoperatively, 
only 11 (28%) of 39 and 6 (15.4%) of 39 described stool trapping 
or need to splint, respectively. In regard to overall bowel func-
tion, 15 (38%) of 39 patients described their bowel function as 
“signifi cantly improved,” and 10 (25.6%) of 39 stated that they 
continued to have trouble with their bowel function.

Twenty-six patients were sexually active before the procedure. 
In regard to overall sexual function, 106 (38%) of 26 stated 
their sexual function was “signifi cantly improved,” and 12 (46%) 
of 26 stated their sexual function was “unchanged, not a problem,” 
resulting in 22 (85%) of 26 of patients having stable or improved 
sexual function. Nine patients complained of signifi cant 
dyspareunia preoperatively, which improved in 5 (55.6%) of the 
9 patients. Only 2 (7.7%) of 26 developed de novo dyspareunia.

Overall, patient satisfaction with the procedure has been 
excellent, with 32 (82%) of 39 patients giving a satisfaction rating 
of 50% or more and 33 (85%) of 39 stating they would undergo 
the procedure again.

COMPLICATIONS

Most complications have been minor. Seven patients developed 
wound separation or granulation tissue, which healed with 
observation. Fecal urgency developed in one patient and was 
successfully treated with biofeedback. One patient suffered a 
mild cerebrovascular accident postoperatively and subsequently 
required transfer to a rehabilitation center. One patient had 
a rectotomy recognized intraoperatively that was repaired 
primarily. Despite intraoperative repair, the patient developed 
a postoperative rectovaginal fi stula, which healed spontan-
eously with close observation and did not require operative 
intervention.
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CONCLUSIONS

Rectocele repair with cadaveric fascia, using nonfrozen cadaveric 
fascia lata for posterior vaginal wall reconstruction, offers several 
advantages over traditional posterior colporrhaphy. Incorpora-
tion of durable graft tissue prevents a reliance on the patient’s 
own tissue, which has an established propensity for weakness. By 

avoiding tissue plication and obliteration of the tissue in the 
midline, the degree of vaginal narrowing is minimal after recto-
cele repair with cadaveric fascia. In this way, complaints of post-
operative dyspareunia are minimized, and patient satisfaction has 
been excellent. The avoidance of synthetic materials prevents 
subsequent graft erosion and wound infection associated with 
their use.
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Chapter 76

PERINEAL HERNIA AND PERINEOCELE
Christian Twiss and Nirit Rosenblum

Perineal hernia is an uncommon condition that was once thought 
to be incurable because of the diffi culty in closing the hernia 
defect and the high recurrence rate.1 The past century witnessed 
the development of a plethora of techniques to repair perineal 
hernias and an improved understanding of the anatomic defects, 
leading to their classifi cation. Despite the knowledge gained, 
much remains to be discovered about perineal hernias. There are 
no controlled studies to guide the clinician in the choice of 
optimal therapy. Perineocele is an even less studied and less well-
defi ned clinical problem. Both conditions are discussed in this 
chapter.

PERINEAL HERNIA

Defi nition and Classifi cation

Perineal hernias occur through focal defects within the pelvic 
fl oor, and they are classifi ed by primary cause and by anatomic 
region. Primary perineal hernias are focal, acquired defects within 
the pelvic fl oor that typically occur in women as a result of pelvic 
relaxation associated with vaginal parity or chronic conditions 
involving increased abdominal pressure (e.g., chronic cough, 
constipation, ascites). Secondary perineal hernias are true inci-
sional hernias within the pelvic fl oor that result from prior pelvic 
(typically exenterative) surgery.

Herniation can occur through the anterior or posterior com-
partments of the pelvic fl oor. Anterior perineal hernias (i.e., 
pudendal hernias, pudendal enteroceles, or levator hernias) occur 
within the urogenital triangle anterior to the superfi cial trans-
verse perineal muscles, and they occur exclusively in women; 
no confi rmed cases in men have been reported. Anterior perineal 
hernias occur through the urogenital diaphragm within the 
triangular regions lateral to each side of the vaginal vestibule 
defi ned by the medial border of the ischiocavernosus muscle, the 
lateral border of the bulbocavernosus muscle, and the anterior 
border of the superfi cial transverse perineal muscle (Fig. 76-1). 
Posterior perineal hernias occur in within the anal triangle pos-
terior to the superfi cial transverse perineal muscles and anterior 
to the ventral borders of the gluteus maximus muscles. They 
typically occur midway between the anus and the ischial tuberos-
ity within a levator ani defect, in the space between the pubococ-
cygeus and iliococcygeus portions of the levator ani muscle, or 
in the space between the levator ani and coccygeus muscles (see 
Fig. 76-1).

Translevator and supralevator hernias are anatomically dis-
tinct.2 A translevator perineal hernia sac passes through the focal 
defect within the levator ani musculature, whereas a supralevator 
hernia sac remains superior to the levator ani but exists as a focal 
outpouching of the weakened levator ani muscle that extends 
beyond the plane of the levator plate. Despite the anatomic 
difference, the principles of hernia repair remain the same.

The hernia sac of a perineal hernia may be empty (i.e., peri-
toneum) or may contain one or more of the abdominopelvic 
viscera, including small or large bowel, bladder, omentum, ovary, 
and fallopian tube. Because intraperitoneal and extraperitoneal 
structures may herniate, a true hernia sac may not always be 
present.1

Etiology and Epidemiology

Anterior perineal hernias can be primary or secondary (i.e., after 
surgery or obstetric procedures). Anterior perineal hernias are 
rare, with fewer than 17 well-described cases in the English litera-
ture.1,3-6 Most reported perineal hernias are posterior perineal 
hernias. The largest reported series of anterior perineal hernias is 
that of Chase in 1922, reporting 13 cases.1 However, only 10 of 
these 13 cases were described in enough detail to be confi rmed 
cases of anterior perineal hernia. All of the well-described cases 
of anterior perineal hernia appear to have occurred in the setting 
of multiple prior pelvic operations for pelvic prolapse or urinary 
incontinence or of diffi cult and prolonged labor, often requiring 
forceps delivery. Both causes involve direct trauma to the pelvic 
fl oor musculature, which is thought to be the primary cause of 
anterior perineal hernias. Most anterior perineal hernias are 
secondary.

Posterior perineal hernias may be primary or secondary. 
Primary perineal hernias are rare, and their true incidence is 
unknown. They typically occur between the ages of 40 and 60 
years, and they occur more commonly in women, with a female 
preponderance of threefold to fi vefold higher than for men.7,8 
This female preponderance is attributed to female pelvic fl oor 
trauma encountered during childbirth9 and the phenomenon 
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Figure 76-1 Anatomy of perineum and typical locations of perineal 
hernias. (Modifi ed from Cali RL, Pitsch RM, Blatchford GJ, et al: 
Rare pelvic fl oor hernias. Dis Colon Rectum 35:604, 1992.).
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of pelvic relaxation.10 A study by Gearhart and colleauges10 dem-
onstrated a 15% incidence of levator ani hernia in a group of 80 
patients who underwent dynamic pelvic magnetic resonance 
imaging (MRI) for the evaluation of symptomatic pelvic organ 
prolapse. Forty-two percent of these patients had undergone 
prior pelvic surgery, and approximately 60% (or 9% of the 
entire group) are presumed to be primary levator ani hernias 
associated with symptomatic pelvic organ prolapse. Other 
conditions are also thought to contribute to the formation of 
primary perineal hernia, including recurrent pelvic fl oor infec-
tions and conditions involving increased abdominal pressure 
such as chronic cough, chronic constipation, obesity, and ascites 
(Table 76-1).8,11,12

Secondary posterior perineal hernias occur through defects in 
the pelvic fl oor resulting from surgery, and they usually manifest 
within 1 year after the initial surgery.9 Most secondary perineal 
hernias occur after pelvic exenterative surgery, requiring correc-
tive surgery after approximately 0.7% of abdominoperineal 
resections13 and 3% of pelvic exenterations.14 The true incidence 
of perineal hernia after these procedures is likely higher, and 
most are asymptomatic. Hullsiek15 found a 7% incidence of peri-
neal hernia after abdominoperineal resection by means of barium 
x-ray fi lms, and most were asymptomatic.

Secondary posterior16 and anterior3,5,6 perineal hernias have 
been reported after surgery for pelvic prolapse and urinary incon-
tinence. However, their overall incidence after prolapse and 
incontinence surgery is unknown. It is diffi cult to determine 
whether these hernias result from the prolapse surgery or the 
pathophysiologic process of pelvic prolapse itself. Presumably, it 
is a combination of both because a signifi cant proportion (42%) 
of perineal hernias associated with symptomatic pelvic prolapse 
occur in the absence of a history of pelvic surgery.10

Table 76-1 summarizes the types of operations associated with 
secondary perineal hernias. Poor perineal tissue quality and 

factors that hinder wound healing such as diabetes and pelvic 
irradiation also predispose to perineal hernia. One of the most 
signifi cant predisposing factors for perineal hernia after abdomi-
noperineal resection was found to be a partial or complete open 
perineal wound in the postoperative period.17

Symptoms and Clinical Findings

Anterior perineal hernia typically manifests as a reducible labial 
mass, usually in the posterior aspect of the labia majora. This may 
be accompanied by a heavy sensation within the perineum.4 The 
mass is characteristically covered with vaginal mucosa on its 
medial border and the labial integument on its lateral border. An 
anterior perineal hernia is also characteristically reducible into 
the pelvic fl oor medial and inferior to the pubic ramus, whereas 
an inguinal hernia within the labia reduces into the inguinal canal 
by crossing over the pubic ramus. The reducibility of the hernia 
also distinguishes it from irreducible labial masses such as 
Bartholin’s gland abscesses or cysts, benign labial cysts, labial 
lipomas and sarcomas, and labial hematomas (Table 76-2). 
Careful vaginal and perineal examination is needed to avoid 
inadvertent incision into a perineal hernia that many contain 
bladder or bowel.

It is not uncommon for anterior perineal hernias to contain 
bladder because defects within the anterior pelvic fl oor more 
often contain bladder.3 This can result in urinary sequelae, 
including urinary incontinence, weak urinary stream, and incom-
plete bladder emptying with high postvoid residual volumes.4,6 
Patients with concurrent urinary symptoms should undergo 
diagnostic cystoscopy and imaging of the lower urinary tract.

Posterior perineal hernias typically manifest as soft, reducible 
masses within the posterior perineum (posterior to the perineal 

Table 76-1 Risk Factors for Perineal Hernias

Primary perineal hernia
Female gender
Vaginal childbirth
Prolonged or diffi cult labor
Pelvic organ prolapse or pelvic fl oor descent
Recurrent infections of pelvic fl oor
Chronic cough
Chronic constipation
Obesity
Abdominal ascites

Secondary perineal hernia
Female gender
Abdominoperineal resection
Open postoperative perineal wound
Pelvic exenteration
Radical cystourethrectomy
Coccygectomy
Anti-incontinence surgery
Hysterectomy
Pelvic organ prolapse surgery
Perineal prostatectomy
Pelvic irradiation
Excessive length of small bowel mesentery

Table 76-2 Differential Diagnosis of Perineal Hernia

Diagnosis Clinical Features

Anterior perineal masses
Anterior perineal hernia Labial mass reduces into pelvic 

fl oor medial to pubic ramus
Inguinal hernia Labial mass reduces into inguinal 

canal across pubic ramus
Bartholin gland abscess Labial mass irreducible, 

fl uctuant, signs of 
infl ammation

Lipoma or sarcoma Labial mass, irreducible
Hematoma Labial mass, irreducible, history 

or signs of perineal trauma
Cystocele, rectocele, 

enterocele
Introital mass, associated urinary 

or fecal symptoms

Posterior perineal masses
Posterior perineal hernia Soft, reducible, posterior to 

perineum
Sciatic hernia Emerges on inferior border of 

gluteus maximus
Rectal prolapse Emerges from anus, associated 

constipation or fecal 
incontinence

Perineocele Pelvic descent, increased 
anovaginal distance
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body), usually occurring in the region between the anus and 
ischial tuberosity, but they may also emerge just ventral to the 
gluteus maximus, in which case they must be distinguished from 
a sciatic hernia, which is rare.12 They are often asymptomatic,10 
but they may be accompanied by a heavy or dragging feeling 
within the perineal region and pain with sitting.

Perineal hernias usually do not incarcerate or strangulate 
because the pelvic fl oor defect is often large and the hernia 
remains easily reducible. However, there are reports of postop-
erative perineal hernia that have been accompanied by bowel 
obstruction and perineal skin breakdown.18,19 Often, the bowel 
obstruction is intermittent and occurs because of bowel com-
pression when the patient is sitting.

Evaluation

There is no consensus on the workup of perineal hernias beyond 
a careful history and vaginal, perineal, and rectal examinations. 
The examination should focus on diagnosing the hernia and 
evaluate the possibility of cystocele, rectocele, or rectal prolapse, 
because some perineal hernias occur in the setting of pelvic organ 
prolapse.

In suspected cases of anterior perineal hernia with accompa-
nying urinary symptoms, cystourethrography and cystoscopy are 
recommended to confi rm the presence of bladder within the 
hernia and to determine whether the trigone is involved in 
the hernia. This seems reasonable because the bladder is more 
commonly involved in anterior perineal hernias. If cystoure-
thrography is performed solely to confi rm presence of bladder 
within the perineal hernia, other modalities such as computed 
tomography (CT) or pelvic MRI could derive the same 
information.

Further imaging of the suspected hernia is warranted to 
confi rm the diagnosis and to provide additional information for 
surgical planning, such as which pelvic contents are present 
within the hernia, where the hernia emerges from the pelvic fl oor, 
and an estimation of the size of the defect. It is arguable whether 
a careful physical examination can derive all this information 
except for the exact contents of the hernia sac. However, the most 
conservative approach is to obtain the most information about 
the hernia through careful examination and pelvic imaging before 
its repair.

Plain radiographs of the pelvis and barium enema are able to 
demonstrate bowel within the hernia sac.20 Dynamic proctogra-
phy, typically used to evaluate defecatory dysfunction, is able to 
demonstrate the extent and involved segment of perineal rectal 
herniation.7 The presumed advantage over barium enema is 
applicable for cases in which the perineal herniation occurs only 
during straining and defecation. CT evaluation of the pelvic fl oor 
is more defi nitively able to identify the contents of the hernia 
sac and the location and extent of the associated pelvic fl oor 
defect.11

MRI is gaining acceptance as a preferred method of evaluation 
of the pelvic fl oor because of its excellent resolution of pelvic 
fl oor21,22 and perianal23 structures and the ability to visualize the 
prolapsing pelvic organs in real time by dynamic pelvic MRI. In 
addition to its utility in visualizing pelvic organ prolapse with an 
anatomic staging system,24 dynamic pelvic MRI was able to detect 
unsuspected levator ani hernias in 15% of patients undergoing 
evaluation for symptomatic pelvic organ prolapse.10 Pelvic MRI 
was also able to preoperatively detect a large unsuspected poste-
rior perineal hernia associated with recurrent vaginal vault 

prolapse, thereby changing operative management.2 These two 
studies highlight some important considerations. They confi rm 
that perineal hernias occur in conjunction with pelvic organ pro-
lapse and that clinicians treating these patients should maintain 
a degree of clinical suspicion about the diagnosis. As MRI evalu-
ation of pelvic organ prolapse increases, the number of unsus-
pected perineal hernias can also be expected to increase. This 
ultimately presents a need and an opportunity to create patient 
cohorts to study and further defi ne a protocol for the manage-
ment of perineal hernia that occurs in the setting of pelvic organ 
prolapse.

Treatment

The treatment for perineal hernias is surgical, but there is no 
clearly defi ned protocol for their management. Because they 
rarely incarcerate and strangulate, the primary indication for the 
repair of perineal hernias is patient discomfort. The general prin-
ciples remain the same as for any hernia: exposure of the sac and 
the musculofascial defect, opening of the sac with reduction of 
its contents, and high ligation of the sac followed by closure of 
the musculofascial defect. There remain two important caveats. 
First, there is not always a clearly defi ned sac, because not all 
pelvic contents (especially bladder) are completely covered by 
peritoneum. Second, the fascial defect encountered can be quite 
extensive, especially in post-exenterative perineal hernias requir-
ing advanced reconstructive maneuvers.

There are three basic approaches to repair: perineal, abdomi-
nal, and a combined perineal and abdominal approach. Two 
reports described a laparoscopic mesh repair technique.25,26 There 
are no controlled studies demonstrating the superiority of any 
one approach. However, the combined experience of several 
surgeons demonstrates the applicability of each approach 
to management.

A key concept that determines the goals and techniques of 
repair is whether the hernia has occurred after pelvic exenterative 
surgery (i.e., pelvic exenteration or abdominoperineal resection). 
The repair of perineal hernias in this setting typically involves the 
repair of a large pelvic fl oor defect requiring an extensive recon-
struction of the pelvic fl oor (Table 76-3). Cancer recurrence and 
bowel adhesions are additional considerations that affect the 
operative goals at the time of repair. Perineal hernias after non-
exenterative surgery are typically more localized defects in 
the pelvic fl oor that do not require advanced reconstructive 
techniques. Because the pelvic organs are still in place, most 
pelvic reconstructive techniques described for the repair of post-
exenterative perineal hernias are not feasible in the absence of 
prior pelvic exenterative surgery. However, because pelvic relaxa-
tion and pelvic organ prolapse are predisposing factors of 
perineal hernias, their surgical correction needs to be considered 
at the time of repair.

The perineal approach (or translabial approach in the case of 
anterior perineal hernias) remains the least invasive one with the 
advantages of less morbidity and success in most cases.17 The 
perineal approach also allows resection of residual perineal skin 
that may accompany sizable perineal hernias.27 However, the 
exposure is limited, allowing less access to sac contents, adhe-
sions, recurrent cancer, or injured viscera or vasculature.28 Recur-
rences have also been reported with the perineal approach.6,17,28 
In the small series of postoperative perineal hernias reported by 
So and coworkers,17 the perineal approach carried a 23% recur-
rence rate, compared with no recurrences after repairs using the 
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abdominal or combined approach. Perineal repairs have been 
performed with4,27,29,30 and without5,6,17 mesh repair of the hernia 
defect. Because of its simplicity, the perineal approach has been 
recommended as the best initial approach for straightforward 
cases,4,17,27 reserving the abdominal and abdominoperineal 
approach for recurrent cases, cases of strangulation of the hernia 
contents, or situations in which primary closure of the defect is 
complex.

The perineal technique involves a skin incision over the site 
of the hernia defect after sterile preparation of the perineum. In 
the case of anterior perineal hernias, this is directly over or along-
side the involved major labium. If bladder (especially trigonal) 
involvement is suspected, prophylactic ureteral stents also may 
be placed. This is followed by careful dissection of the sac from 
the skin and then the margins of the hernia defect itself. In the 
case of post-exenterative hernias, the dissection during this step 
must be meticulous because it is a frequent source of bowel 
injuries.18

In cases of small hernia defects in which there is a clearly 
defi ned sac, the hernia sac is opened, the contents are reduced, 
and the sac is ligated and excised. Any additional nonperitoneal-
ized hernia contents, such as bladder, are also reduced. This is 
followed by repair of the hernia defect using a simple layered 
closure with or without mesh reinforcement on the pelvic side of 
the hernia defect.

When the pelvic viscera are in place, larger defects that cannot 
be closed primarily require mesh repair. Interposition of uterus 
has been reported.31 In cases of large post-exenterative hernias, 
simple closure of the levator ani defect is usually not possible, 
and pelvic fl oor reconstruction is required using synthetic mesh, 
free fascial grafts, or pedicled fl aps (see Table 76-3).27-29,32-35

The abdominal approach has been recommended as the best 
fi rst approach by some surgeons, 3,8,9,12,28 primarily because of 
better exposure of the anatomic defect and hernia sac. This is 
especially true in the cases of large pelvic fl oor defects requiring 

mesh reconstruction of the pelvic fl oor.9,27,28 The abdominal 
approach facilitates proper fi xation of the mesh to the pelvic and 
sacral support structures, and it assists simultaneous treatment 
of bowel adhesions and cancer recurrence after exenterative 
surgery.28 The abdominal approach also facilitates sacral resus-
pension of pelvic contents such as herniated rectum36 or pro-
lapsed vaginal vault,2 and it permits closure of the cul-de-sac to 
prevent abdominal contents from accessing the area of the 
repaired hernia defect.6 In cases of strangulation of the hernia 
contents, the abdominal approach is required to address the need 
for possible resection or repair of the hernia contents.

For the abdominal approach, the patient should be placed in 
the modifi ed lithotomy position to allow simultaneous access 
to the perineum. This enables perineal traction to be applied 
to assist in the dissection and allows vaginal access to assist in 
identifi cation of the vaginal cuff. It also permits conversion to a 
combined approach and possible placement of ureteral stents.28

Access is obtained through a lower midline incision, followed 
by possible exploration for recurrent cancer in post-exenterative 
cases. The hernia sac is identifi ed, and the sac is dissected free 
from the margins of the defect. A small defect can be repaired 
with layered closure or mesh, whereas larger post-exenterative 
defects typically require more complex reconstruction of the 
pelvic fl oor as previously discussed.

The abdominoperineal or combined approach provides 
maximal exposure of the hernia sac and hernia defect. It is espe-
cially useful in cases in which the pelvic fl oor defect is diffi cult to 
access by the abdominal route3 and in cases of large perineal 
hernias in which the redundant skin if the perineum must be 
resected.36,37 A laparoscopic combined approach has also been 
described25 in which the hernia contents are mobilized by a lapa-
roscopic intraperitoneal approach, followed by open perineal 
repair of the levator defect and subsequent laparoscopic rein-
forcement of the repair with polypropylene mesh on the pelvic 
side of the repair.

Table 76-3 Techniques of Perineal Hernia Repair

Year Study Method

1944 Cattel and Cunnigham31 Uterus to uterosacral ligaments
1951 Koontz8 Local muscle and fascia
1960 Kelly19 Fascia lata
1963 Cawkwell54 Nylon mesh
1967 Bach-Nielsen55 Uterus to sacrum and pelvic wall
1973 Buchsbaum and White56 Omental sling
1975 Alexander et al57 Mesenteric leaf
1980 Bell et al58 Gracilis myocutaneous fl ap
1981 Hurwitz and Walton35 Gluteal thigh fl ap
1981 Leuchter et al59 Bulbocavernosus myocutaneous fl ap
1982 Sarr et al37 Marlex mesh
1984 Giampapa et al60 Rectus abdominis muscle fl ap
1985 Brotschi et al33 Gracilis muscle sling
1987 Beck et al28 Marlex mesh
1987 Delmore et al32 Human dura
1989 Frydman and Polglase29 Polypropylene mesh
1995 Erdmann and Waterhouse38 Rectus abdominis fl ap
1997 So et al17 Gore-Tex patch
2002 Franklin et al25 Laparoscopic Vicryl mesh
2002 Ghellai et al26 Laparoscopic polypropylene mesh

Modifi ed from Abdul Jabbar AS: Postoperative perineal hernia. Hernia 6:188, 2002.
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The list of methods that have been used to address the hernia 
defect is extensive (see Table 76-3), but there are no controlled 
trials demonstrating the superiority of any approach. In general, 
small defects with healthy tissue can be addressed by closing the 
levator defect primarily with nonabsorbable sutures. This can 
also be reinforced with mesh. When this is not possible or simple 
closure has failed, the use of synthetic mesh has produced durable 
repairs regardless of the surgical approach.6,25,28,36,37 However, 
when the tissue is infected, the tissue quality is poor, or the mesh 
has failed, the transposition of healthy, well-vascularized tissue 
by fl ap reconstruction is often required.17 Flap repairs using grac-
ilis,33,34 fascia lata,18 rectus abdominis,38 and gluteus maximus35 
have been described.

There is no single correct approach to the repair of a perineal 
hernia. The choice ultimately depends on the size of the defect, 
the patient’s surgical history, the condition of the tissues, the 
condition and extent of the hernia sac contents, and the comfort 
level of the surgeon.

PERINEOCELE

Defi nition

Perineocele is typically synonymous with perineal hernia.39 
However, perineal hernia is a misnomer because many perineal 
hernias occur as labial swellings or swellings close to the buttocks 
and not on the perineum. Although perineal hernias remain focal 
defects within the pelvic fl oor, there is a related but separate 
clinical entity involving a diffuse weakening and bulging of the 
entire perineum itself due to an acquired attenuation of the peri-
neal central tendon (Figs. 76-2 and 76-3).40,41 This has a symptom 
complex and treatment strategy that differs from the perineal 
hernias previously described. We think that perineocele is the 
term most appropriate for this condition because it is a pelvic 
fl oor herniation of the perineum itself and a clinical entity that 
differs from a classic perineal hernia.

The two anatomic defects associated with perineoceles are 
convex deformity plus descent of the perineum with abdominal 
straining and widening of the distance between the posterior 

vaginal fourchette and the anus.40,41 Whereas the typical distance 
between the posterior fourchette and anus is 3 cm,42 this distance 
can increase to as much as 8 to 14 cm in large perineoceles.40,41 
These defects are caused by a musculofascial disruption of the 
perineal body itself.

Etiology and Epidemiology

The true incidence of perineocele has not been reported. Peri-
neocele is thought to result from the process of pelvic fl oor relax-
ation, which is associated with the pelvic fl oor damage that occurs 
during childbirth. Lacerations to the perineum occur when the 
pelvic fl oor and perineum are stretched excessively during the 
second stage of labor.43,44 Childbirth also lowers the position of 
the perineum,45 which can take up to 5 years to return to its 
normal position.46 It is unclear whether perineocele results from 
direct pelvic fl oor damage from childbirth or from the condition 
of abnormal perineal descent, or both.

Symptoms and Clinical Features

In addition to having a perineal bulge between the anus and 
vagina, patients with perineoceles present with additional 
symptoms distinct from perineal hernias. They have a feeling of 
perineal pressure, and they typically present with chronic consti-
pation and a possible need to apply perineal pressure to defe-
cate.40,41 The descending perineum syndrome, fi rst described by 
Parks and associates,47 is characterized by downward descent of 
the perineum during straining efforts and is associated with 
chronic constipation hallmarked by excessive straining with 
bowel movements and perineal pain. Fecal or urinary inconti-
nence and vaginal prolapse may also be associated. The contin-
ued downward displacement of the perineum in descending 
perineum syndrome causes chronic stretching of the pudendal 

Pubic bone

Vagina Rectum

Perineum

Figure 76-2 Schematic diagram of the anatomic defect of a 
perineocele. (Modifi ed from Raz S: Repair of perineal hernia. In 
Atlas of Transvaginal Surgery, 2nd ed. Philadelphia, WB Saunders, 
2002.).

Figure 76-3 Physical examination for perineocele. (From Raz S: 
Repair of perineal hernia. In Atlas of Transvaginal Surgery, 2nd ed. 
Philadelphia, WB Saunders, 2002.).
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nerve, leading to worsening of the pelvic fl oor tone and anal 
tone.48-50

Perineocele and the descending perineum syndrome share 
some of the same clinical features, and it is interesting to postu-
late that they are in the same clinical spectrum. However, further 
investigation is required to determine whether perineoceles are 
perineal hernias with a distinct location and distinct clinical fea-
tures or are dynamic defects in the pelvic fl oor that lead to pro-
gressive pelvic fl oor neuropathy and the descending perineal 
syndrome.

Treatment

The treatment of perineocele is surgical. Because there is no focal 
defect within the pelvic fl oor through which to reduce the sac 
and repair, the surgical technique differs from that of a typical 
perineal hernia. The goal of repair is to reconstruct the perineal 
body such that distance between the posterior vaginal fourchette 
and the anus, the perineal body length, is returned to its normal 
length of approximately 3 cm. This differs from the goal of stan-
dard perineorrhaphy, which is to repair the perineum in such a 
manner as to lengthen the attenuated perineal body while simul-
taneously reducing the anteroposterior length of the widened 
genital hiatus (Fig. 76-4).51

There is scant literature on the repair of perineoceles because 
it remains a relatively understudied clinical entity. Raz41 has 
described a perineal site-specifi c technique for the repair of peri-
neocele in which the levator musculature anterior to the anal 
sphincter is reapproximated to the transverse perineal muscles 
using a series of interrupted horizontal mattress sutures (Fig. 
76-5). This technique is used to repair the anatomic defect and 
its associated symptoms, including constipation. There are no 
long-term data on the durability of this repair. Other investiga-

tors have made efforts to specifi cally address the perineum and 
perineal descent in the repair of pelvic fl oor prolapse by affi xing 
the perineum to the sacrum with synthetic mesh while repairing 
vaginal vault prolapse.52,53 However, it is not clear whether these 
techniques are applicable to the repair of perineocele because 
they correct perineal descent and its symptoms but do not address 
the condition of the widened perineum itself.

Perineocele, although a poorly studied condition, is a clearly 
defi ned anatomic defect of the pelvic fl oor that is distinct from 
classically described anterior and posterior perineal hernias. It is 
typically associated with chronic constipation, and it remains 
unclear whether it also carries the pelvic neuropathic sequelae of 
abnormal perineal descent. The study of a large group of these 
patients with respect to risk factors, possible associated pelvic 
fl oor defects and neuropathy, and durability of repair is 
needed.

CONCLUSIONS

The anatomic defects of perineal hernia and perineocele are well 
defi ned, and a careful history, clinical suspicion, and physical 
examination remain tantamount to their diagnosis. Modern 
imaging techniques such as CT and MRI provide excellent and 
precise visualization of perineal hernias to assist in preoperative 
planning. Although there are few surgical repairs described for 
perineocele, there are several surgical approaches and repair tech-
niques described for perineal hernia repair. However, there are 
no controlled trials directing clinicians to the optimal surgical 
approach or repair technique. Surgical treatment remains indi-
vidualized, depending on the size and nature of the hernia defect, 
the condition of the tissues, and the comfort level and judgment 
of the surgeon.

A B
Figure 76-4 The goal of standard perineorrhaphy is to lengthen the perineum and shorten a widened genital hiatus. (Modifi ed from Nichols 
DH: Posterior colporrhaphy and perineorrhaphy: Separate and distinct operations. Am J Obstet Gynecol 164:714, 1991.).
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Chapter 77

COMPLICATIONS OF VAGINAL SURGERY
Raymond T. Foster, Sr., Cindy L. Amundsen, 
and George D. Webster

Urologists and gynecologists use the vaginal approach to surgi-
cally correct many of the pelvic organ problems of women, 
including urinary incontinence, uterine and vaginal prolapse, 
vesicovaginal fi stula, and urethral diverticulum. As surgeons con-
tinue to seek new ways to surgically treat women without lapa-
rotomy, it is important that vaginal surgeons remain informed 
about potential surgical complications, some of which are unique 
to this route of surgery.

In this chapter, we review the potential complications of 
vaginal surgery, highlight patient characteristics and specifi c 
techniques that may be associated with a higher frequency of 
surgical complications, and outline strategies that may reduce the 
likelihood of a serious intraoperative or postoperative complica-
tion. Because this textbook is dedicated to a readership interested 
in female urology, we focus our discussion on complications 
related to urologic and pelvic reconstructive procedures.

BLEEDING

Problematic bleeding is undoubtedly the most feared problem 
that a surgeon encounters during or immediately after a surgical 
procedure. During the procedure, intraoperative bleeding com-
promises the surgeon’s ability to adequately complete the task at 
hand. The reported incidence of bleeding during vaginal surgery 
varies by specifi c procedure, and to some degree, reported rates 
of hemorrhage depend on the investigator’s defi nition of exces-
sive blood loss. Most surgeons consider the need for blood trans-
fusion a reliable defi nition of excessive surgical bleeding, but less 
blood loss can still interfere with surgical outcome and prolong 
hospitalization. Reported rates of such intraoperative hemor-
rhage are between 0% and 2% for most vaginal procedures, but 
these rates likely underestimate the incidence of problematic 
bleeding.

Several investigators have reported low transfusion rates even 
when multiple vaginal reconstructive repairs, including hysterec-
tomy and pubovaginal slings, are performed during the same 
operation. One of the largest series of patients undergoing mul-
tiple vaginal prolapse and incontinence procedures was reported 
by Shull and colleagues.1 Three hundred and two patients under-
went a uterosacral vault suspension in combination with other 
support defects involving the urethra, bladder, posterior cul-de-
sac, or rectum. The mean intraoperative blood loss for all patients 
in this study was 243 mL, and the blood transfusion rate was 1%. 
Other studies have reported similarly low rates of blood transfu-
sion and blood loss between 200 and 350 mL when performing 
multiple vaginal prolapse repairs with a uterosacral vault suspen-
sion.2-5 In one report looking at a series of patients undergoing 
vaginal reconstructive procedures, each of which included utero-
sacral vault suspension, the investigator found that when he com-

pared blood loss between those having a hysterectomy at the time 
of repair with patients having only reconstructive procedures, 
hysterectomy did not signifi cantly increase operative blood loss 
or the risk of signifi cant bleeding.3 One of the attractive features 
of the uterosacral vault suspension for apical prolapse is its low 
incidence of troublesome bleeding. However, most published 
data are reported by experts in the fi eld and may not accurately 
refl ect the experience of the generalist surgeon.

Although the reports cited found major intraoperative blood 
loss to be uncommon even when an apical prolapse procedure 
was performed, correction of the vaginal apex with a sacrospi-
nous ligament fi xation has been often associated with the poten-
tial for increased bleeding. This procedure, originally described 
by Richter,6 has been studied repeatedly in the past decade with 
regard to surgical complications in general and bleeding in par-
ticular. The incidence of excessive bleeding reported in most 
series has been between 0.5% and 3.5%.7-9 An important aspect 
of these statistics, however, is that maneuvers to control bleeding 
in this area have been reported to promote injury to adjacent 
structures, including the rectum and nerves. Nieminen and 
Heinonen9 reported a higher transfusion rate (28% of 25 women) 
when performing a sacrospinous ligament fi xation in a popula-
tion of patients older than 80 years.

In an attempt to defi ne the optimal surgical strategy for con-
trolling intraoperative hemorrhage associated with sacrospinous 
ligament fi xation, Barksdale and coworkers.10 conducted an ana-
tomic study with 10 female cadavers to map the vascularity in the 
region of the sacrospinous ligament and propose surgical strate-
gies for controlling hemorrhage. Their report detailed various 
combinations and permutations of vascular anastomoses in the 
area of the sacrospinous ligament (i.e., superior gluteal, inferior 
gluteal, internal pudendal, vertebral, middle sacral, lateral sacral, 
and external iliac by way of the circumfl ex femoral artery system). 
They concluded that because of the vascular anastomoses, the 
heroic approach of laparotomy with surgical ligation of the inter-
nal iliac artery was unlikely to be of signifi cant benefi t. They also 
determined the inferior gluteal artery to be the most likely artery 
responsible for hemorrhage related to the sacrospinous ligament 
fi xation. Based on anatomic considerations, bleeding from the 
inferior gluteal artery is optimally controlled by any combination 
of packing and vascular clips by means of the vaginal approach 
or arterial embolization by invasive radiology techniques. We 
have become less hesitant to employ surface hemostatic factors, 
such as FloSeal (Baxter International, Deerfi eld, IL).

Very few studies have evaluated factors associated with 
increased blood loss during vaginal surgery, such as surgeon skill 
level, surgical techniques, obesity, and the impact of prior pelvic 
surgery. Coates and associates11 reported surgical outcomes in 
289 women undergoing a vaginal prolapse repair. In 154 of these 
operations, the senior staff member was the primary surgeon 
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(mean blood loss, 248 mL), and in the remaining 135 procedures, 
a senior gynecology resident was the primary surgeon (mean 
blood loss, 234 mL). The difference in operative bleeding between 
the senior staff surgeon and the surgical trainee was not clinically 
or statistically signifi cant. One retrospective review of surgical 
outcomes in obese women (i.e., body mass index [BMI] > 30 kg/
m2) compared surgical complications in 189 subjects undergoing 
abdominal hysterectomy and in 180 women having a vaginal 
hysterectomy.12 Both groups of obese women had a mean change 
in hemoglobin of 1.7 g and a 13% transfusion rate, which estab-
lished obesity as risk factor for hemorrhage in female pelvic 
surgery, regardless of the chosen surgical approach.

Besides patient characteristics and surgical experience, surgi-
cal equipment may also impact the occurrence of unacceptable 
bleeding. Good surgical exposure and lighting is paramount to 
achieving surgical goals and avoiding and controlling bleeding. 
The Lonestar retractor (Lone Star Medical Products, Stafford, 
TX) is invaluable in this regard because it retains an open introi-
tus and allows the surgeon to maintain visualization of the vaginal 
apex. The use of a surgical headlight or a cool lighting system that 
is adherent to the retractor and placed within the pelvis (Light-
Mat, Lumitex, Strongsville, OH) provides suffi cient light for 
operating in a deep body cavity.

In addition to the traditional ways of controlling bleeding, 
such as suture ligation and electrocautery, other user-friendly 
techniques have been introduced. In the United Kingdom, Hefni 
and colleagues13 randomized 116 patients to vaginal hysterec-
tomy with traditional suture ligation (n = 59) or to vaginal hys-
terectomy with the LigaSure (Valleylab, Boulder, CO) vessel 
sealing system (n = 57).13 Mean intraoperative blood loss was 
100 mL in both groups, but perioperative bleeding complications 
in the suture ligation group neared statistical signifi cance 
(P = .0571).

More than other approaches to surgery, the transvaginal 
approach may be technically challenging in the setting of pre-
vious surgery. Boukerrou and coworkers14 reported surgical 
outcomes of 741 women undergoing vaginal hysterectomy. 
Seventy-one (9.58%) of their subjects had undergone previous 
cesarean section, and the remaining 670 (90.41%) had not. Mean 
blood loss was 181.69 mL in the group of patients with previous 
cesarean section and 145.96 mL in the control group (P = .05). 
Among women with a history of cesarean section, 11.3% had 
intraoperative hemorrhage (i.e., blood loss in excess of 500 mL), 
compared with only 2.5% of women without a history of previ-
ous cesarean section. It is intuitive to surgeons that prior proce-
dures in the same area render subsequent operations more 
diffi cult and prone to complications such as bleeding, but few 
articles report this conclusion.

In addition to vaginal prolapse procedures, transvaginal 
incontinence procedures, such as pubovaginal slings, may also 
cause intraoperative bleeding. Even though the traditional bladder 
neck pubovaginal slings required more extensive transvaginal 
surgical dissection, including digital and usually blind dissection 
of the retropubic space, several large pubovaginal sling series 
have demonstrated rare intraoperative bleeding complica-
tions.15-18 The increasingly popular minimally invasive or midure-
thral sling is placed by passing a trocar blindly through the 
retropubic or obturator space. Although there are rare reports of 
iliac artery injuries published on the MAUDE database, most 
case series report a 1% to 3% increased bleeding rate resulting 
in pelvic or perineal hematomas. Abouassaly and associates19 
reviewed 241 patients who had undergone placement of a tension-

free vaginal tape. These patients, recruited from six medical 
centers, had an intraoperative hemorrhage rate of 2.5% (16 
patients). Four patients (1.9%) developed a pelvic hematoma 
within the fi rst 24 hours after surgery. In another series, Krauth 
and colleagues20 described 604 patients undergoing placement of 
a minimally invasive suburethral sling by the transobturator 
approach. They reported a 0.8% incidence of intraoperative 
hemorrhage and postoperative development of two (0.33%) 
perineal hematomas, one of which resolved without intervention, 
and the other, believed to be associated with a concomitant 
prolapse repair (not the transobturator sling), required revision 
surgery.

In summary, surgeons are wise to consider each patient’s 
individual risk factors for operative bleeding before surgery. 
Intuitively, obese women and women with a history of prior 
pelvic surgery may have an elevated risk for excessive surgical 
bleeding, and extra precautions should be taken in the operating 
room (e.g., good surgical assistants and exposure, blood products 
available on short notice). We evaluate bleeding time and platelet 
function for patients who provide us a history of prior intra-
operative or postoperative hemorrhage. Any medication that can 
affect bleeding should be stopped 7 to 10 days before surgery 
when this can be safely accomplished. Surgeons who are manag-
ing patients who require some level of anticoagulation, such as a 
patient with a history of heart valve replacement or atrial fi bril-
lation, are wise to obtain hematologic advice for the perioperative 
management of anticoagulation agents.

INJURY TO THE URINARY TRACT

Operating in the vagina places the surgeon close to the urinary 
tract, and great care must be taken to avoid its injury. As with 
any effort to avoid surgical complication, a sound surgical plan 
and good exposure are important, as is a thorough understanding 
of the anatomy within the surgical fi eld. It is encouraging to 
consider that most injuries to the urinary tract during vaginal 
surgery are problematic only if unrecognized.

Injuries to the urethra, bladder, or ureters that are identifi ed 
at the time of surgery and primarily repaired most often heal 
without incident or further signifi cant consequence to the 
patient.21 For this reason, we rarely perform vaginal surgery 
without a cystoscopic evaluation of the lower urinary tract and 
confi rmation of bilateral ureteral spill after the administration of 
intravenous indigo carmine. In addition to absent ureteral spill, 
other abnormalities sought are suture transfi xation or sling pen-
etration of the bladder and surgical entry to the bladder, each of 
which would necessitate re-exploration for removal or repair. We 
also look for bladder wall ecchymosis, which may suggest the 
need for a longer period of postoperative catheterization. Several 
published studies have confi rmed the importance of intraopera-
tive cystoscopy when pelvic reconstructive procedures, including 
incontinence procedures, are performed. Harris and associates22 
reviewed the records of 224 consecutive patients undergoing uro-
gynecologic and reconstructive pelvic surgery. Based on a 4% rate 
of injury to the urinary tract, which would have been unrecog-
nized without intraoperative cystoscopy, they concluded that 
cystoscopy should be included in all incontinence and pelvic 
reconstructive procedures. Another large, prospective study, in 
which intraoperative cystourethroscopy was performed univer-
sally on 471 women undergoing hysterectomy, documented a 
7.6% rate of injury to the urinary tract.23 Of the patients in this 
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report, 144 (31%) had a vaginal hysterectomy. Among those 
patients having vaginal hysterectomy, 11 (7.6%) experienced an 
injury to their urinary collecting system; 6 of the 11 had concur-
rent prolapse surgery. Of the 11 injuries, 2 were ligated ureters, 
7 were cystotomies, 1 was a suture in the bladder, and 1 was 
bladder abrasion. Concurrent prolapse surgery was therefore 
found to be an independent risk factor for injury to the urinary 
system. When controlling for prolapse and incontinence surgery, 
there was not a signifi cant increase in the risk of urinary tract 
injury based on route of hysterectomy, age, BMI, race, blood loss, 
uterine size, and history of previous cesarean section. However, 
the standard of care in community practice is to not routinely 
perform cystoscopy at the end of hysterectomy or pelvic organ 
prolapse surgery.

Transvaginal vault suspensions, specifi cally uterosacral vault 
suspensions, have been associated with urinary tract injuries, 
especially injuries involving one or both ureters. Because this 
vault suspension involves placement of sutures intraperitoneally 
above the level of the ischial spines, the ureter is near the 
suture placement. A cadaveric study by Buller and colleagues24 
demonstrated the strength of the uterosacral ligament at various 
locations in the pelvis and its proximity to the ureter at the site 
of customary suture placement. Based on their fi ndings after 
necropsy of 11 female cadavers, the ureter is, on average, 2.3 ± 
0.9 cm from the uterosacral ligament at the level of the ischial 
spine. This fi nding led Buller and his colleagues to claim, 
“The proximity of the ureter to the distal uterosacral ligament 
warrants concern during vaginal vault repairs that use the 
ligament.”24

Several surgical series of uterosacral vault suspension have 
reported a 0% to 11% incidence of injury to the ureter.1-5 In each 
of these series, the injuries were identifi ed at the time of surgery 
after confi rming an absence of ureteral spill on cystoscopic evalu-
ation. Management usually involved removal of the uterosacral 
suspensory sutures with or without ureteral stent placement; 
however, some injuries, presumably transections, required ure-
teroneocystotomy. In these reports, all injuries were detected by 
intraoperative cystoscopy at the time of surgery, and as a result, 
none of the patients had permanent or long-term urinary tract 
sequelae. In addition to ureteral injury, cystotomy may occur 
during transvaginal surgical entry into the peritoneal cavity and 
may be repaired and the operation continued in most 
circumstances.4

Aronson and colleagues25 reported the ureteral injury rate 
using a modifi ed “deep” Mayo-McCall uterosacral ligament 
plication for vaginal vault suspension. The technique for place-
ment of suture through the uterosacral ligament described 
by the investigators resulted in a uterosacral anchoring point 
much more dorsal and posterior than previously described. 
In this retrospective report of 411 consecutive patients, they 
observed three ureteral injuries, only one of which was attri-
butable to the vault suspension procedure (0.24% [range, 0.01% 
to 1.35%]).

Injury to the lower urinary tract is not uncommon in vaginal 
procedures designed to treat stress urinary incontinence, and the 
data depend on the procedure used. Factors such as anesthetic 
technique (i.e., regional or local versus general anesthesia) and 
the use of hydrodissection in the retropubic space were previ-
ously thought to affect bladder injury rate, but a report from 
Ghezzi and coworkers26 disputes these assumptions.

The minimally invasive techniques for placement of midure-
thral slings are associated with the highest rate of bladder injury, 

with some articles describing cystotomy rates greater than 
10%.27-29 However, in one study that surveyed members of the 
American Urogynecologic Society and members of the Society 
for Urodynamics and Female Urology, only 10% to 15% of those 
surveyed from both groups admitted to cystotomy rates higher 
than 5%. More than 90% of the members in both societies would 
replace the trocar at the time of surgery, and more than 80% of 
the members in both societies would drain the bladder transure-
thrally for at least 24 hours if a cystotomy was made with the 
trocar.30

Some investigators have described risk factors associated with 
inadvertent cystotomy. Bodelsson and associates27, in their series 
of 177 patients undergoing a tension-free vaginal tape procedure, 
were able to show a statistically and clinically signifi cant differ-
ence in the occurrence of cystotomy and urethrotomy among 
surgeons with different levels of experience. Another potential 
contributing factor to operative morbidity, including urinary 
tract injury, is obesity. However, Rafi i and colleagues29 performed 
a midurethral sling in 38 consecutive patients with a BMI greater 
than 30 and compared outcomes with 149 age- and parity-
matched controls with a BMI of 30 or less.29 They found no dif-
ference in estimated blood loss, operative times, bladder injuries, 
postoperative urgency, and voiding disorders. This study also 
found no difference between the two groups in objective and 
subjective cure rates. Lovatsis and coworkers28 studied 35 patient 
pairs (BMI = 35 kg/m2 versus BMI = 30 kg/m2) undergoing place-
ment of tension-free vaginal tape. The patients were matched 
according to age and history of previous incontinence surgery. 
In this series, obesity was protective against injury to the lower 
urinary tract (0% versus 14%, P = .03). It may be that although 
obesity complicates vaginal access, it protects the bladder by 
virtue of the fat separation of the bladder from the symphysis 
pubis. Rardin and associates31 looked at surgical complications 
related to placement of tension-free vaginal tape as a primary 
procedure (n = 157) or as a secondary procedure for recurrent 
stress urinary incontinence (n = 88). The cystotomy rates were 
similar (3.2% versus 3.4%).

In summary, surgical experience appears to be related to the 
occurrence of injury to the urinary tract during placement of 
retropubic midurethral slings. However, obesity and prior incon-
tinence surgery do not appear to increase the risk of cystotomy 
or urethrotomy.

We prefer to use a 70-degree cystoscope to evaluate the bladder 
and a 30-degree cystoscope to visualize the urethra after passing 
the trocars through the retropubic space but before the sling is 
placed. During cystoscopy, we are careful to fully expand the 
bladder with 400 to 500 mL of clear fl uid, and we pay particular 
attention to the 11- and 8-o’clock and the 1- and 4-o’clock posi-
tions, which are the most likely areas to be penetrated during 
trocar passage. We are encouraged by failure to visualize a per-
foration with a fully expanded bladder and by the absence of 
hematuria. If a bladder perforation is identifi ed, we remove the 
offending trocar and replace it, with an exaggerated emphasis on 
“hugging” the pubic bone during passage of the trocar. Cystos-
copy is repeated to ensure adequate trocar placement is obtained 
on the second passage. After cystotomy, we leave a catheter for 
24 to 72 hours postoperatively.

Recognizing the need for a safer suburethral sling system that 
may not obligate the surgeon to cystoscopy, Delorme32 intro-
duced a transobturator midurethral sling in 2001. Although there 
are few safety and effi cacy data on this relatively new approach 
for sling placement, Cindolo and colleagues33 experienced a single 
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bladder neck laceration, which was repaired intraoperatively, and 
no occurrence of bladder perforation after placing a midurethral 
sling in 80 women. However, cystoscopy was not used to defi ni-
tively document the absence of bladder injury. In a similar series 
of 71 patients, Dargent and coworkers34 reported no instance of 
bladder perforation with the transobturator technique, despite 
cystoscopic examination at the time of surgery. Conversely, 
Minaglia and associates35 reported three bladder perforations in 
61 patients and concluded that “routine intraoperative cystos-
copy is therefore recommended for the identifi cation of bladder 
injuries during the transobturator sling procedure.” Anecdotally, 
we have also seen a patient with an intraurethral sling after this 
approach.

Vesicovaginal fi stula (VVF) may occur after vaginal surgery, 
most commonly after hysterectomy (0.5% to 2% of cases).36,37 
Examination of this occurrence shows that it more commonly 
follows the abdominal rather than the vaginal approach. The 
symptoms of continuous urinary leakage, usually developing 
between 1 and 6 weeks after surgery, are ominous and should 
lead to evaluation for fi stula by vaginal examination, tampon test, 
and cystoscopy. Less commonly, the ureter is the source of a 
postoperative vaginal fi stula. When suspecting a ureterovaginal 
fi stula, usually heralded by urinary leakage emanating from the 
vaginal cuff, the physician should pursue further investigation 
with an excretory urogram.

The intraoperative events that lead to VVF remain unknown, 
and the fact that the cervix must be dissected from the bladder 
adds to the inherent risk because the bladder wall may be thinned. 
Inadvertent entry into the bladder during this maneuver must be 
carefully repaired in layers, and a Foley catheter is left for suffi -
cient time to allow healing. This area is close to the vaginal cuff 
closure, and any breakdown will promote fi stula formation. 
Suture transfi xation of the bladder by the cuff closure sutures has 
been suggested as a factor in the genesis of fi stula, although 
animal experiments cast doubt on this theory. The proximity of 
the cuff and bladder at this location make this event almost 
unavoidable on some occasions, particularly when the patient is 
obese, hemostasis is poor, or exposure, lighting, and assistance 
are suboptimal. Cystoscopy may help identify the bladder injury 
that may lead to fi stula formation, but it is not performed in most 
cases of hysterectomy.

The timing of VVF repair has been reported to be successful 
at all intervals after discovery, and some advocate immediate 
surgical repair. However, a more judicious approach includes a 
period of catheterization, hoping for spontaneous healing. The 
size of the fi stula affects the likelihood of success with this 
approach and how long it should be pursued. We time our inter-
vention based on the status of the vaginal cuff tissue, and our 
preference is to monitor infl amed and edematous tissue at weekly 
intervals until the cuff reveals a healthy, mature fi stulous tract. 
Vaginal repair usually can be performed by 6 weeks after 
hysterectomy.

In summary, transvaginal surgical treatment of prolapse and 
incontinence is a signifi cant risk factor for injuring the urinary 
tract in women. We believe that careful surgical planning and 
intraoperative cystoscopy is an advisable element for most vaginal 
surgeries that seek to correct these problems. We recognize that 
patients experience poor long-term outcomes after urinary tract 
injury when the problem is undetected at the time of occurrence. 
However, patients are likely to recover from surgery without 
incident when the urinary system is repaired at the time of the 
primary surgery.

BOWEL INJURY

Complications involving the bowels most commonly occur 
during rectocele repair, although the high rectum is vulnerable 
during all varieties of vaginal vault suspension. For this reason, 
we prefer a low bowel preparation preoperatively and the place-
ment of a rectal pack at the commencement of some procedures 
to aid in the identifi cation of surgical landmarks.

Injury to the bowel is a relatively uncommon occurrence 
during vaginal surgery. Hoffman and coworkers,38 at the Univer-
sity of South Florida, reported nine rectal injuries (0.7%) from 
their database of 1346 patients who underwent vaginal surgery 
between 1987 and 1998.38 Of the nine, six were being treated for 
prolapse, one for cervical dysplasia, one for fi broid uterus, and 
one for gender dysphoria. In another large study from a vaginal 
surgery database, Mathevet and colleagues39 reported 14 (0.45%) 
rectal injuries in 3076 patients undergoing vaginal surgery. Most 
(62.5%) of the 14 patients were undergoing surgery for the 
primary indication of genital prolapse. In the study of Isik-Akbay 
and associates12 comparing abdominal and vaginal routes of 
surgery in obese women undergoing hysterectomy, the investiga-
tors found fi ve bowel injuries in the abdominal group (2.7%) and 
none among women having vaginal surgery. Although the differ-
ence was not statistically signifi cant, this report suggests fewer 
rectal injuries in obese patients when surgery was performed 
vaginally.12

During rectocele repair, injury is most likely to occur in 
women undergoing repeat surgery. When the rectum is prepared 
before surgery and injury occurs, it is generally appropriate to 
repair the defect primarily. Even though the published rate of 
rectal injuries is low, we routinely perform a digital rectal exami-
nation at the conclusion of vaginal prolapse procedures that 
involve some risk of rectal injury to ensure that there is no blood 
on the examining fi nger and that there has been no suture trans-
fi xation. As with urinary tract injury, the best time to identify 
injury is at the time of the primary surgery. If a rectovaginal 
fi stula does occur postoperatively, as with vesicovaginal fi stula, 
the timing of repair is individualized and is dictated primarily by 
the status of the tissues. If the fi stula is large, a temporary divert-
ing colostomy is required to afford the patient the highest prob-
ability of a successful repair. Such decisions are individualized 
based on severity.

INFECTION

The hallmark clinical sign of postoperative infection is fever, and 
in surgical training, we are taught to investigate the cause of fever 
with physical examination, radiographic images, and laboratory 
studies. Historically, surgeons have treated postoperative fever 
with antibiotics even in the absence of an obvious cause after 
a comprehensive evaluation. More contemporary evidence, 
however, calls into question the medical necessity of treating an 
unidentifi ed postoperative infection in most patients. In 1983, 
Freischlag and Busuttil40 reported their experience following 464 
patients after abdominal surgery. They defi ned postoperative 
fever as a rectal temperature of 38.5°C or higher in the fi rst 6 
postoperative days. Seventy-one patients (15%) had postopera-
tive fever. Only 19 (27%) of these 71 patients had an identifi able 
source of infection after a radiographic and laboratory evalua-
tion. They concluded that routine evaluations of fever do not 
alter the outcome most patients and are not cost-effective.
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Shackleford and associates41 examined the predictive value of 
postoperative fever for infection in patients recovering from 
vaginal surgery. Febrile morbidity was defi ned in their series as 
an oral temperature greater than 38.0°C on two separate occa-
sions, excluding the fi rst 24 hours after surgery. They retro-
spectively examined outcomes of 431 vaginal surgery patients. 
Forty-three percent of these patients had vaginal hysterectomy 
alone, and the remaining 57% had a procedure for prolapse with 
(27%) or without (30%) vaginal hysterectomy. Fifty-four women 
(12.5%) had postoperative febrile morbidity. Thirty-fi ve infec-
tions were defi nitively identifi ed (8.1%), but only 13 of these 
infections occurred in the 54 patients with postoperative fever. 
Among the identifi ed infections were 20 urinary tract infections 
(4.6%), fi ve infections at the suprapubic catheter site (1.2%), 
three cases of vaginal cuff cellulites (0.7%), three “pelvic infec-
tions” (0.7%), and two cases of Clostridium diffi cile colitis. 
Two women had infection unrelated to their vaginal surgery; 
one was diagnosed with sinusitis and the other with bronchitis. 
Based on their fi ndings, the investigators calculated the sensitivity 
of febrile morbidity for postoperative infection to be 40%, with 
a specifi city of 98%, a positive predictive value of 26%, and a 
negative predictive value of 94%. Univariate analysis was per-
formed, and they found that women with febrile morbidity were 
older, had longer procedures, lost more blood, were higher parity, 
and had lower uterine weights and longer hospital stays than 
women without febrile morbidity. Their data also demonstrated 
that women with proven infection had prolonged surgery, 
weighed less, had lower uterine weights, and stayed in the hospi-
tal longer than women without infections. Women who had 
hysterectomy done at the time of prolapse surgery were the most 
likely to have postoperative infection compared with women who 
had vaginal hysterectomy alone or prolapse surgery without 
hysterectomy.

Vaginal surgery is a clean-contaminated procedure. Some 
investigators have become interested in the vaginal fl ora at the 
time of surgery. The assumption of these clinical scientists is 
that an understanding of how to manipulate the vaginal fl ora 
at the time of surgery (e.g., decrease the bacterial colony 
count) would aid in the prevention of postoperative infection 
for patients undergoing vaginal procedures. Culligan and col-
leagues42 published an observational study in 2003 that reported 
the rate of vaginal contamination (defi ned as an aerobic or 
anaerobic culture result of 5000 colony-forming units/mL) at 
given time intervals during vaginal reconstructive surgery. All 
patients in their study had preoperative antibiotic prophylaxis 
and a standard 5-minute surgical scrub with povidone iodine. 
The fi rst set of cultures, obtained 30 minutes after the surgical 
scrub, revealed a 52% contamination rate in the surgical fi eld, 
whereas the cultures collected at 90 minutes only had a 41% 
contamination rate. After this initial study that defi ned vaginal 
contamination as a surrogate end point for postoperative 
infection, Culligan and his group43 published their results of a 
randomized trial that evaluated povidone iodine and chlorhexi-
dine gluconate as surgical scrub solutions for vaginal surgery. 
Fifty patients were enrolled in the study that demonstrated a 
clinically and statistically signifi cant difference between the con-
tamination rates of surgical fi elds prepared with povidone iodine 
(63% contaminated) and chlorhexidine gluconate (22% con-
taminated) at 30 minutes (P = .003; relative risk = 6.12; 95% CI: 
1.7 to 21.6).

Surgical infection is a problem that is often easier to prevent 
than to treat. In an era of prophylactic, broad-spectrum antibiot-

ics, we are rarely confronted with wound infections at the surgical 
site after vaginal procedures. Postoperative febrile morbidity and 
postoperative infections at sites remote from the vagina remain 
areas of some concern, especially in elderly patients, those with 
above-average blood loss, and patients who undergo prolonged 
surgical procedures.

COMPLICATIONS RELATED TO GRAFT 
MATERIALS USED IN THE VAGINA

Reported rates of recurrent or de novo vaginal wall prolapse 
range from 15% to 30%44 and for this reason, many clinicians 
implant synthetic or organic (allograft or xenograft) material to 
address this problem. This position is supported by the fact that 
surgeons have known for a long time that the effi cacy and dura-
bility of hernia repair is improved by the use of a graft material. 
However, long-term data associated with the use of the various 
graft materials, including complications and success rates for 
prolapse repair, are limited. Vaginal surgery is performed in a 
clean-contaminated fi eld, and this adds the potential risk of 
infection and erosion when synthetic material is used. There are 
also concerns about whether the inclusion of grafts or synthetics 
in vaginal repairs may compromise vaginal caliber or elasticity 
and thereby compromise sexual function. There have been few 
well-designed studies to provide evidence that the risks of placing 
the mesh are balanced by a longer durability of the vaginal repair, 
but this continues to be the trend.

Synthetic material may be absorbable or permanent. Two ran-
domized studies evaluated the use of an absorbable synthetic 
graft to reinforce the vaginal prolapse repair, and they had oppos-
ing views on the success of the material. Neither, however, 
reported signifi cant complications associated with the material. 
Sand and collegues45 randomized women to polyglactin 910 mesh 
(with anterior colporrhaphy) or to anterior colporrhaphy alone. 
Thirty women (43%) without mesh and 18 women (25%) with 
mesh had recurrent cystocele beyond the mid-vaginal plane (P = 
.02). The study authors concluded that polyglactin mesh was 
useful in the prevention of recurrent cystoceles. In 2001, Weber 
and coworkers46 compared standard colporrhaphy, standard col-
porrhaphy with polyglactin 910 mesh, and ultralateral anterior 
colporrhaphy. They analyzed 109 patients randomized to one of 
the three treatment arms, with a mean follow-up of 23.3 months 
(range, 4.5 to 44.4 months) and found no difference in the three 
groups with respect to the anterior vaginal wall. A single vaginal 
mesh erosion was the only mesh-related complication in this 
study. There seems not to be widespread interest in absorbable 
mesh to enhance prolapse repair.

The most commonly reported permanent synthetic mesh 
used for vaginal prolapse has been polypropylene. Randomized, 
controlled studies are lacking, but several published case series 
using polypropylene mesh report a rate of recurrent prolapse not 
exceeding 6%.47-49 The same reports document mesh erosion 
rates between 7% and 13%, and postoperative, new-onset dyspa-
reunia in 14% to 63% of patients. Management of vaginal expo-
sure of the mesh should begin with conservative therapy such as 
intravaginal conjugated equine estrogen cream, but surgical 
resection of the exposed portion of mesh is commonly 
required.

Organic materials such as cadaveric dermal or fascia lata grafts 
have also been used for vaginal prolapse reinforcement. In a 
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randomized study evaluating the success of solvent-dehydrated 
fascia lata versus a standard anterior colporrhaphy, 21% of the 
allograft-reinforced group had recurrent prolapse, compared 
with 29% in the control group. This fi nding did not reach statisti-
cal signifi cance. No vaginal erosions were reported among the 76 
patients in the allograft group.50 We notice a surprising lack of 
literature to document the erosion rate of allograft material when 
used in transvaginal prolapse surgery, and there seems to be little 
evidence to guide management strategies when erosion does 
occur. In our own experience (69 women), we have found a 
10.9% vaginal exposure rate of dermal allograft material when 
used in anterior or posterior repairs.51 We also documented a 
100% rate of resolution of this problem with vaginal conjugated 
equine estrogen cream. The median time to complete healing in 
our series was 13 weeks.

Xenograft material has been marketed for use in prolapse 
repair. Available materials include porcine dermis and porcine 
small intestinal submucosa. As with the materials discussed pre-
viously, there have been variable results, with recurrent prolapse 
reported in 8% to 39% of patients.52,53 Vaginal exposure of the 
graft appears to be relatively common, similar to that seen with 
cadaveric dermis, with a reported incidence of 15% and a healing 
time of up to 3 months with conservative therapy. Porcine dermis 
has several suggested benefi cial characteristics, including the fact 
that it is 95% homologous to human collagen, possibly providing 
a nonallergenic scaffold for human tissue ingrowth.

When considering complications such as vaginal graft erosion, 
infection, and postoperative dyspareunia, the physician may be 
wise to consider that the graft itself is not always the determining 
cause for these suboptimal outcomes. Surgical techniques of graft 
placement must always be considered, and it is inappropriate to 
always blame the product for a bad outcome; however, we have 
no way to control for the surgeon’s performance.

Minimally invasive techniques used to place the material may 
produce complications related to blind passage of a trocar. 
Although the techniques are new with infrequent reports of com-
plications, placement of augmented synthetic mesh using a trocar 
approach could cause rectal and bladder injury with the potential 
for rectovaginal fi stula and vesicovaginal fi stula.54 We await 
development of this fi eld, which promises to simplify the repair 
of vaginal organ prolapse if the techniques can achieve good 
functional results and prove to be safe.55

INJURY TO THE PERIPHERAL NERVOUS SYSTEM

Peripheral nerve injury resulting from vaginal surgery is an 
un expected but reported complication after pelvic surgery. It is 
a potentially debilitating problem for the patient and a great 
concern for the surgeon. Most neuropathies that occur in recon-
structive pelvic surgery are neurapraxic, and they heal with time. 
Physical therapy and neuroleptic medications plays a role in 
managing these patients, and rarely is surgery required for relief 
of symptoms.

The nerve injuries most commonly reported have been sciatic 
nerve injuries and are largely thought to be caused by positioning 
in free-hanging stirrups.56-58 Injury to the sciatic nerve has been 
reported after sacrospinous ligament fi xation in which the nerve 
was thought to be entrapped by the suture.8 Symptoms are usually 
buttock pain radiating down the posterior thigh, and if the cause 
is related to sacrospinous ligament fi xation, removal of the suture 
often resolves the pain.

We have managed patients with temporary postoperative 
sciatic pain after undergoing transvaginal uterosacral cuff sus-
pension by removal of the suture or expectant management with 
analgesics, anti-infl ammatory agents, and neuroleptic medica-
tion. Recovery time for expectant management may be several 
months. Use of padded Allen stirrups with an extended padded 
lower leg support provides a secure and stable positioning for the 
patient’s legs, and we believe this added precaution reduces the 
risk of lower extremity neural injuries. Symptoms of femoral 
nerve injury include weakness with hip fl exion, leg extension, and 
sensory loss over the anteromedial thigh and leg. These are 
uncommon but may follow prolonged lithotomy with the legs 
markedly abducted or a retractor blade compression injury after 
retropubic surgery.59 Injury to the common peroneal nerve may 
occur if pressure is placed on the lateral part of the lower part of 
leg where the nerve wraps around the fi bular head or if there is 
hyperfl exion of the thigh. The almost routine use of sequential 
compression hose, which raise the lower leg from the stirrup 
periodically, probably reduces this complication. Common 
symptoms of peroneal nerve injury are footdrop and sensory loss 
to the anterior leg and dorsal foot.

In pelvic surgery, injury may occur to branches of the ilioin-
guinal and iliohypogastric nerves in the suprapubic location. 
These branches are susceptible to injury where the nerve runs on 
the undersurface of the external and internal abdominal oblique 
fascia above the symphysis, where they may become entrapped 
or involved by the fi xation of pubovaginal slings. Patients present 
with sharp or burning pain and paresthesia in the suprapubic 
region that may radiate to the groin, and it can be quite prob-
lematic. Treatment may be by local injection of the trigger point, 
and occasionally, the site must be explored surgically to release 
the suture, lyse the fi brosis, or excise a neuroma.

Obturator nerve injury may occur during vaginal, paravagi-
nal, or transobturator prolapse surgery. The patient has diffi culty 
adducting the leg (and therefore complains about problems 
walking) and may have sensory loss to the medial thigh. Injury 
to branches of the pudendal nerve, including the dorsal genital 
nerve to the clitoris and the perineal branch to the urethral 
sphincter, perineal skin, and anal sphincter, may occur during 
any anterior vaginal dissection. These unfortunate injuries there-
fore may occur during incontinence or prolapse surgery. 
Common symptoms of these uncommon injuries include sharp, 
burning pain to the perineal area or worsening of urinary and 
fecal incontinence.

Important measures to reduce the incidence of neural injury 
include proper patient positioning, surgical technique to avoid 
known nerve locations, careful use of retractors and, avoidance 
of prolonged surgery. Even when all these preventative strategies 
are followed, neuropathies will occur. Postoperatively, clinical 
symptoms and physical examination allows the physician to 
make the diagnosis. If motor defi cits are identifi ed, a neurology 
consultation may be obtained for baseline testing and manage-
ment options.

CONCLUSIONS

The possible complications associated with vaginal surgery are 
numerous and tend to be underestimated. Reducing complica-
tions is probably largely a product of the technical skills of the 
surgeon and the application of good surgical principles, but some 
events remain unavoidable. Variables contributing to the occur-
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rence of adverse events in vaginal surgery that are beyond the 
immediate control of the surgeon include obesity, medical 
comorbidities, and undiagnosed bleeding dyscrasias. However, 
by good surgical planning and execution, the surgeon may reduce 

the occurrence of complications. Vaginal surgery, when per-
formed correctly and safely, remains one of the most reward-
ing aspects of surgical practice for female urologists and 
gynecologists.
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Chapter 78

PATHOPHYSIOLOGY, DIAGNOSIS, AND 
TREATMENT OF DEFECATORY DYSFUNCTION
Tracy Hull and Massarat Zutshi

The domain of defecatory disorders is vast, and their treatment 
can be frustrating for the surgeon and the patient. Except for 
straightforward surgically correctible disorders, most diseases in 
this category have many causes and need treatment that encom-
pass medical, behavioral, and surgical modalities. These patients 
often go from physician to physician seeking a cure for these 
complex disorders.

ANATOMY

Pathogenesis of the defecatory disorders can be a function of 
abnormal anatomy at the outlet. The anal sphincter complex is 
composed of the puborectalis, the internal anal sphincter, and 
the external anal sphincter. The puborectalis and the external 
anal sphincter are striated muscles that are primarily responsible 
for the process of defecation by voluntary relaxation. They are 
innervated by the S3 and S4 nerves. The internal anal sphincter 
accounts for about two thirds of the resting tone and is composed 
of smooth muscle. It is innervated by the autonomous nervous 
system. The external anal sphincter accounts for one third of the 
resting tone. Any process that causes a change in this normal 
physiology can lead to defecatory disorders.

MECHANISM OF DEFECATION

Storage is a function of the transverse colon. When the sigmoid 
colon is fi lled, the process of defecation commences with the 
propagation of stool into the rectum. Defecation occurs in 
response to the sensory stimulus generated by rectal distention 
that is received by receptors in the pelvic fl oor and anal transition 
zone; the rectum itself is not richly innervated by sensory nerves. 
The sensation of fi lling is normally perceived at a volume of 
50 mL, and the maximum tolerated volume normally is about 
200 mL. Rectal pressures should be more than the anal pressures 
for evacuation to take place, which is usually achieved by increas-
ing the intra-abdominal pressure. The external anal sphincter 
and puborectalis relax, allowing fecal contents to be evacuated. 
If it is socially unacceptable at that time, the external anal 
sphincter contracts, and the sensation of the need to evacuate 
disappears.

DIAGNOSIS

History and Physical Examination

A detailed history and physical examination is the fi rst step in 
diagnosing any defecatory disorder. The history should be tai-

lored to the patient’s presenting symptoms. All patients should 
be asked about their current medications, and a history should 
be sought for all medical problems, especially diabetes, thyroid 
disorders, scleroderma, multiple sclerosis, stroke, dementia, food 
intolerance, and infl ammatory bowel disease. The evaluation of 
a female patient with fecal incontinence should include a detailed 
obstetric history, including the number of vaginal deliveries, tears 
and episiotomies, unusual presentations, and prolonged labor. 
Other pertinent points are pad usage and number of accidents, 
symptoms of urinary incontinence, previous perineal surgery, 
back injuries, irradiation, and effect of symptoms on sexual 
behavior. Patients undergoing evaluation for constipation should 
be specifi cally asked about the duration of symptoms, the use of 
digitation to relieve symptoms, and factors that relieve or allevi-
ate symptoms.

Physical examination of a patient with fecal incontinence 
should focus on the sphincters and pelvic fl oor. Scars are looked 
for, and the anal opening is assessed for any gaping. The anocu-
taneous refl ex can be evaluated, providing a crude assessment of 
the nerves. The patient may then be asked to strain. Perineal 
descent and prolapsed hemorrhoids or prolapsed rectum should 
be looked for. A digital rectal examination with the patient 
squeezing assesses the tone, obvious defects, and muscle 
fatigue.

For a patient with constipation, the digital rectal examination 
evaluates increased tone with paradoxical contractions when 
straining and the presence of an internal intussusception and 
rectocele. In cases of rectal prolapse, inspection is important to 
differentiate a true rectal prolapse from prolapsing hemorrhoids, 
mucosal prolapse, or an anal or rectal polyp.

Enema

A tap-water enema in the offi ce is a good and simple test to evalu-
ate the sphincter tone in an incontinent patient. After adminis-
tering the enema, the nurse documents the time the patient can 
hold the 100 mL of water. A patient with a suspected rectal pro-
lapse is examined on the commode after the enema is given. The 
rectal prolapse may be seen while the patient strains on the 
commode. In a patient with irritable bowel syndrome, it may 
demonstrate urgency in the presence of normal tone.

Anal Physiology Testing

Anal physiology testing has two parts. The fi rst is manometry, 
which records resting and squeeze pressures and evaluates rectal 
sensation by documenting the time of fi rst sensation of rectal 
fi lling and maximum tolerated volume. Rectal compliance also 
can be calculated. Paradoxical pressures in the rectum can be 
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762 Section 8 DEFECATORY FUNCTION AND DYSFUNCTION

recorded during squeeze and strain, and they also can be dem-
onstrated on electromyography by identifying the external anal 
sphincter contraction. Balloon expulsion tests can demonstrate 
rectal inertia or loss of coordination among the rectum, pelvic 
fl oor, and anal sphincters.

The second part of the test evaluates pudendal nerve terminal 
motor latency. The test uses the St. Marks electrode and records 
electrical impulses when the pudendal nerve is stimulated. The 
amplitude of the wave refl ects the voltage, which is low or absent 
in neurologic disorders.

Anorectal Ultrasound

Endoluminal ultrasound is the single most important test to 
demonstrate sphincter defects. The normal sphincter is shown 
in Figure 78-1. Sphincter defects may be those of the internal 
anal sphincter or external anal sphincter (Fig. 78-2), or both 
(Fig. 78-3). Thinning of the internal anal sphincter is easily 

demonstrable. After sphincteroplasty, the repaired sphincter can 
be evaluated with this test.

Colon Transit Study

Transit studies specifi cally demonstrate slow-transit constipa-
tion. This assessment refl ects motility of the colon but not the 
rectum. The patient swallows capsules with radiopaque markers. 
The markers are followed on day 1, 2, 4, and 7. Demonstration 
of markers in the right and left colon on day 7 indicates slow 
transit of the fecal matter on the right side, supporting a diagnosis 
of colonic inertia. If markers are aggregated on the left side, 
the problem may be redundancy of the left colon or outlet 
obstruction.

Defecating Proctogram

Patients with constipation and symptoms suggesting obstructive 
defecation syndrome are subjected to a test in which contrast is 
instilled in the rectum, small bowel, vagina, and bladder. Patients 
defecate in a radiolucent commode, and serial radiographs are 
taken to demonstrate perineal descent, cystocele, enterocele, 
internal intussusception, and rectal prolapse.

Dynamic Magnetic Resonance Imaging

Dynamic magnetic resonance imaging (MRI) is a test that replaces 
the defecating proctogram. Contrast is instilled in the vagina and 
rectum, and serial MR images are taken with the patient strain-
ing. Newer imaging techniques use upright MRI scans with the 
patient seated and evacuating in the sitting position. This test can 
evaluate pelvic descent, rectal diameter before and during strain-
ing, the width of the pelvic hiatus, presence of enteroceles and 
sigmoidoceles, and prolapse of the uterus and bladder.1 It may 
become the confi rmatory test for obstructive defecation. Cine 
radiography can give a dynamic picture of the process of evacu-
ation, and it can demonstrate prolapse of the anterior wall of the 
rectum.

Figure 78-1 Normal anal ultrasound. EAS, external anal sphincter; 
IAS, internal anal sphincter. 

Figure 78-2 Defect in the external anal sphincter.

Figure 78-3 Defect in the internal and external anal sphincters.
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Colonoscopy

All colonic pathology must be excluded before undertaking for-
mal treatment of any defecatory disorder. Colonoscopy should 
be part of the workup of all patients older than 50 years and 
patients with any suspicion of mucosal pathology.

Barium Enema

A barium enema is warranted when the anatomy of the colon 
needs to be defi ned. It may be of use in cases of rectal prolapse 
to demonstrate a redundant sigmoid colon, necessitating a 
sigmoid colectomy.

FECAL INCONTINENCE

Pathophysiology

Injury to the muscle complex or the nerves that supply them 
can result in a loss of continence. The most common etiologic 
factor is childbirth injury. Other causative factors are listed in 
Table 78-1.

Treatment of Fecal Incontinence

The treatment of fecal incontinence is based on the severity of 
symptoms, the anatomy of the sphincter mechanism, and the 
presence of nerve damage. An algorithm for management is 
provided in Figure 78-4, but treatment options depend on 

the availability of certain procedures and on the patient’s 
comorbidities.

Treatment of Minor Incontinence
A thorough history and physical examination are the fi rst step in 
treatment to rule out infl ammatory bowel disease, irritable bowel 
disease, and neurologic disorders. Minor incontinence can be 
treated with medical management2 using bulking agents, which 
can change the consistency of stool and lead to evacuation as a 
mass movement. They are started in small doses to prevent 
abdominal distention and bloating, and they are gradually in-
creased to achieve the desired effect. Other agents that are used 
slow the gastrointestinal motility. They tend to constipate the 
patients because they decrease the bulk of the stool during the 
increased transit time. Loperamide hydrochloride (Imodium) is 
the commonly used medication, and it may be started in doses 
of 2 mg before breakfast and advanced to a maximum of 16 mg 
daily as warranted. Diphenoxylate hydrochloride (Lomotil) is 
another drug that may be used, especially if diarrhea is the main 
symptom. It is started in doses of 1 tablet once or twice daily and 
may be advanced to 1 or 2 tablets three or four times daily.

Amitriptyline3 has been used for idiopathic fecal incontinence. 
It acts through an anticholinergic mechanism, increasing intrar-
ectal pressures. Phenylephrine cream is an α1-adrenergic blocker 
that has not been approved by the U.S. Food and Drug Admin-
istration (FDA). Used in some studies in strengths of 10% to 
40%, it has been shown to increase resting pressures for 1 to 2 
hours.4

Other treatment modalities include the use of regular (even 
daily) enemas, which evacuate the rectum until it fi lls again. 
Bulking agents may be used in conjunction to prevent seepage 
between enemas.

Table 78-1 Causes of Fecal Incontinence

Sphincter injury
Childbirth trauma
Surgical trauma
Rectal injury, traumatic
Irradiation

Congenital causes
Imperforate anus

Colonic causes
Fecal impaction
Colitis, proctitis
Rectal prolapse
Tumors
Decreased rectal compliance

Neurogenic causes
Peripheral disorders (e.g., diabetes)
Central disorders
Trauma
Stroke
Tumors
Dementia
Multiple sclerosis

Functional causes

Other causes
Diarrhea
Myopathy

Fecal incontinence after
failed medical treatment and
biofeedback and no IBD

Anal ultrasound
Anal physiology testing

Sphincter defect No sphincter defect

Consider
    • Secca procedure
    • Post anal Repair
    • Graciloplasty
    • Sacral stimulation
    • Artificial anal sphincter
    • Colostomy

Consider
    • Sacral stimulation
    • Artificial anal sphincter
    • Colostomy

Sphincteroplasty

Unsuccessful

Re-repair

Unsuccessful

Figure 78-4 Algorithm for the management of fecal incontinence. 
Sacral stimulation has been used successfully in some centers. 
Although listed, graciloplasty no longer available in the United 
States. IBD, irritable bowel disease. *Sacral stimulation has been 
used successfully in some centers. **Not available in the US.
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Biofeedback and Kegel Exercises
Kegel exercises are an integral part of the treatment of fecal 
incontinence, but they are ineffective as the sole treatment. They 
may benefi t to patients with very mild incontinence and those 
with easy fatigability of the sphincter and no sphincter defect.

Biofeedback training consists of retraining the patient’s re-
sponse using visual, auditory, and sensory stimuli. It consists 
of strength training of the external sphincter, retraining the 
sphincter to coordinate rectal distention with external anal 
sphincter contraction, and sensory training of the rectal mucosa 
to be able to sense earlier when the rectum receives contents. It 
is done in the offi ce by a trained therapist using the electromyo-
graphic apparatus to retrain and strengthen the sphincter, and a 
rectal balloon is used for sensory stimulation training. Some 
studies have shown improvement after biofeedback therapy.5 

Biofeedback has been shown to benefi t patients after sphincter 
repair.6

Treatment of Moderate Fecal Incontinence with 
an Intact Sphincter
Secca Procedure
The Secca procedure involves radiofrequency stimulation of the 
muscular layer of the anal canal and lower rectum. It has been 
hypothesized that the procedure causes stimulation of collagen 
deposition and remodeling over time, which can improve symp-
toms of fecal incontinence.

The procedure is done under conscious sedation. After local 
anesthesia is injected, radiofrequency is delivered by means of a 
specialized probe that contains needles that pierce the mucosa 
and submucosa. In about 64 separate punctures, the radiofre-
quency is applied beneath the mucosal surface. Contraindica-
tions to this procedure include infl ammatory bowel disease, a 
history of depression, collagen vascular disease, acute infections, 
pudendal neuropathy, and a history of pelvic irradiation.7

Sacral Stimulation
Sacral nerve stimulation is FDA approved in the United States 
for stress urinary incontinence, and it is being evaluated under a 
research protocol for fecal incontinence. It produces constant 
stimulation of the sacral nerves, resulting in an increase in resting 
tone and squeeze pressures. In this procedure, a temporary stim-
ulator is implanted as a fi rst step, and if the patient improves, 
a permanent device is implanted. It has gained popularity in 
Europe, where it has been available for many years.8

Perianal Bulking Agents
Bulking agents instilled in the perianal area are being studied.9 
They work by increasing the internal bulk of the sphincter, pre-
venting seepage of stool. An optimal bulking agent should be 
nonbiodegradable, should not migrate, and should be removable 
if the need arises.

Treatment of Moderate to Severe Fecal Incontinence 
due to a Defect in the Sphincter Mechanism
Overlapping Sphincter Repair: Sphincteroplasty
Any fi xable defect of the sphincter complex should be considered 
for repair. Because it is diffi cult to determine which patient will 
benefi t, consideration should be given to all those with a defect.

The technique involves a semicircular incision about 1 to 1.5 
cm beyond the anal verge. For obstetric injuries, this arc spans 
about 200 degrees in a semicircular fashion, mirroring the anus. 
The branches of the pudendal nerves that innervate the external 

sphincter approach the muscle from the posterolateral position. 
To avoid nerve injury, the arc of the incision should not extend 
to the extreme posterolateral position. The rectovaginal septum 
is dissected, and care is taken to avoid making buttonhole defects 
in the anal canal or rectum. Occasionally, the only part of the 
perineal body that remains is the vaginal and anal mucosa, and 
dissection in this situation can be diffi cult.

The dissection is carried laterally to the ischiorectal fat. A 
fi nger placed in the vagina or rectum and dissecting from lateral 
to medial may facilitate the dissection. Any tears in the anal 
mucosa are repaired with 4-0 chromic suture. The ends of the 
sphincter are usually dissected with scar in the midline (or mid-
portion of the injury). This scar is divided in the middle, leaving 
two ends of sphincter with scar attached. It is important to divide 
the scar but to not trim it from the ends of the sphincter, because 
this will provide tensile strength when the repair is done. If the 
internal and external muscles are injured, it is preferable to repair 
them as one unit. If the internal sphincter is intact, divide and 
repair only the external sphincter.

The levator ani muscles may be plicated at this point using 1-0 
or 2-0 delayed absorbable sutures. This may lengthen the anal 
canal. The vagina should be checked after the levator plication to 
ensure that a ridge or narrowing did not occur with levator plica-
tion, because this may contribute to dyspareunia. If the internal 
anal sphincter was intact, plication can be done before the sphinc-
teroplasty if there is redundant internal sphincter.

The sphincter ends that have been suffi ciently mobilized to 
allow overlapping of the muscle are grasped. Some authorities10,11 
advocate merely approximating the muscles, but if possible, over-
lapping the muscle ends is preferred using 2-0 polyglactin sutures, 
placing mattress sutures for the sphincteroplasty. Approximately 
six sutures (three on each side) are used. The repair tightens the 
anal canal such that only an index fi nger may be admitted. During 
the procedure, the wound may be irrigated with antibiotic solu-
tion. The skin edges are closed in a V-Y fashion, starting laterally 
and leaving the center open for drainage. If there is a signifi cant 
amount of dead space, a 0.5-inch Penrose drain can be inserted 
and then removed postoperatively.

Postoperatively, we keep patients on intravenous antibiotics 
for 2 to 3 days and withhold oral intake. Because sitz baths macer-
ate the skin edges, they are avoided, but showers are permitted. 
We do not use constipating drugs. The Foley catheter is removed 
on postoperative day 2, and the patient is allowed a high-fi ber 
diet just before discharge. At discharge, patients are placed on 
Metamucil, Citrucel, or Konsyl daily. Additionally, they take 1 
ounce of mineral oil each morning. If they do not move their 
bowels by postoperative day 7, they take 1 ounce of milk of mag-
nesia twice daily until their bowels begin to function. Because 
they undergo a complete bowel cleansing before surgery, patients 
may not move their bowels for several days after surgery.

A diverting stoma is used at the discretion of the surgeon. 
Preoperatively, this should be discussed with patients who have 
had previous failed repairs, have concomitant infl ammatory 
bowel disease, have severe diarrhea, or need an extremely com-
plicated repair. A stoma does not ensure success but may aid a 
successful outcome in such patients.12

Initial functional improvement can be anticipated in 80% to 
90%13-15 of patients. Pudendal nerve damage is associated with 
suboptimal results.13 Age does not seem to signifi cantly affect 
results,12 although erratic bowel problems such as urgency and 
diarrhea may lead to continued incontinence. Wound infection 
occurs in up to a fourth of patients15 but does not usually adversely 
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affect the outcome unless the sphincter repair sutures become 
disrupted. Complete disruption of the skin sutures usually heals 
by secondary intention with adequate wound care.

Long-term follow-up suggests that about 40% of patients 
undergoing a repair are expected to be continent without further 
surgery.16 In patients needing a repeat overlapping sphincter 
repair due to disruption of the initial repair, evidence suggests 
that satisfactory outcome can be achieved.17

Dynamic Graciloplasty
Graciloplasty is no longer available in the United States, because 
the stimulator is no longer supplied by the manufacturer. Indica-
tions for this procedure include sphincter defects from obstetric 
or traumatic injury, congenital defects, and idiopathic inconti-
nence. Contraindications are diseases with a neurologic basis, 
such as multiple sclerosis. Dynamic graciloplasty has been an 
excellent choice for patients who have no alternative but to have 
a stoma. Success has been reported in about 40% to 65% patients 
undergoing this procedure.18,19

Treatment of Moderate to Severe Incontinence with 
an Intact Sphincter and No Neurologic Defi cit
Postanal Repair
Postanal surgical repair is indicated in patients with an intact 
sphincter but no neurologic incontinence.20 The aim of this pro-
cedure is to increase the length of the anal canal, reestablish the 
anorectal angle, and tighten the anal canal.

The operation is done through an inverted-V-shaped incision 
made 5 to 6 cm from the anal verge posteriorly. Flaps are raised, 
and the intersphincteric plane is identifi ed. Dissection is carried 
in this plane cephalad to Waldeyer’s fascia, which is divided to 
expose the mesorectal fat. Figure-of-eight, 2-0 polypropylene 
sutures are placed to draw the two sides of the iliococcygeus 
muscle together. The sides do not approximate because of the 
distance, and the sutures are tied with minimal tension to form 
a lattice. The pubococcygeus muscle is the next muscle encoun-
tered. Sutures are placed and tied to again to form a lattice, 
especially posteriorly, although anteriorly, the ends may be 
approximated. The last layer plicated is the puborectalis and 
external sphincter. The skin is closed with absorbable suture in a 
V-Y fashion. Postoperative care is similar to that for sphinctero-
plasty. Postanal repair has lost popularity because of poor overall 
improvement results.

Treatment of Severe Fecal Incontinence due to 
Failed Repairs or Neurologic Causes
Artifi cial Anal Sphincter
The artifi cial anal sphincter evolved from the artifi cial urinary 
sphincter. The device has three parts. The fi rst is an infl atable cuff 
that encircles the anal orifi ce. The second is a pump with a valve 
that controls the fl uid entering and exiting the cuff. It is placed 
in the labia or the scrotum. The third part a balloon that is placed 
in the space of Retzius. When the valve is activated, fl uid fl ows 
from the cuff to the balloon, allowing defecation. Over the next 
7 minutes, reverse fl ow from the storage balloon to the anal cuff 
produces occlusion of the anus. If evacuation is incomplete, the 
valve can be activated again.

Continence is restored completely in the immediate postop-
erative period. The main problems associated with this procedure 
are the rate of infections and device malfunction. These problems 
can affect as many as 33% of patients, even after a period of 
learning how to operate the device.21,22

Colostomy or Ileostomy
When the symptoms are severe, the quality of life is greatly 
affected, and all other avenues have been unsuccessfully explored, 
a colostomy or ileostomy is a viable option. Although this pro-
cedure may sound drastic, it improves the quality of life for these 
patients, who otherwise become prisoners in their homes.

CONSTIPATION

Pathophysiology

It is diffi cult to defi ne constipation. It often is defi ned by refer-
ence to bowel frequency, because this is the most convenient way 
to assess and document the condition. Bowel frequency of less 
than three movements per week is considered to be constipation, 
but this is not the only criterion. Excessive straining at stools and 
hard stools are other symptoms that should be considered.

The pathophysiology of constipation is disordered motility of 
the colon and rectum rather than delayed motility. The transit 
time may not be vastly delayed, but the patient may be still be 
constipated.

The many causes of constipation are listed in Table 78-2. It is 
important to differentiate constipation from obstructive defeca-

Table 78-2 Causes of Constipation

Idiopathic causes

Drugs
Antidepressants
Anticholinergics
Antispasmodics
Antipsychotics
Iron supplements
Calcium
Antacids
Opiates
Antihypertensives
Anticonvulsants

Metabolic causes
Diabetes mellitus
Hypothyroid
Hypercalcemia
Pregnancy

Neurogenic causes
Hirschsprung’s disease
Neurofi bromatosis
Hypoganglionosis
Intestinal pseudo-obstruction
Ganglioneuromatosis

Neurologic causes
Spinal cord lesions
Parkinson’s disease
Trauma to nervi erigentes
Multiple sclerosis

Collagen and vascular disorders
Dermatomyositis
Systemic sclerosis
Amyloidosis
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tion syndrome because this changes the workup and treatment 
of these patients. A thorough history should include associated 
symptoms such as cramping, bloating, straining, use of digitation 
and pressure around the anus or in the vagina during evacuation, 
medications, presence of metabolic disorders, and cerebral and 
neurologic causes. The physical examination should include a 
digital rectal examination, which assesses prolapse of the anterior 
rectal wall, paradoxical contractions of the anal muscles, and 
rectal lesions.

Most patients are referred to a surgeon after exhausting all 
medical treatments. A full workup includes excluding all meta-
bolic causes listed in Table 78-2. Colon transit studies using 
radiopaque markers (i.e., sitz markers) are ordered for all patients 
with long-standing constipation not responding to medical treat-
ment. Anal manometry is ordered for patients in whom an outlet 
obstruction is suspected. Manometry can demonstrate paradoxi-
cal contractions of the anal muscles, which may respond to bio-
feedback training. For patients suspected of having rectal prolapse 
or obstructive defecation syndrome, a defecating proctogram or 
dynamic MRI may be helpful. These studies provide valuable 
information regarding rectal dilatation during straining, pelvic 
descent, and the presence of obstructing sigmoidoceles or 
enteroceles. In patients with suspected adult Hirschsprung’s 
disease, a full-thickness biopsy is indicated for diagnosis if a rectal 
anal inhibitory refl ex is not helpful (done as a part of anal 
manometry).

Medical Management

Recent-onset constipation may be treated with diet modifi cation; 
increasing fi ber with bulk laxatives (containing psyllium); saline 
laxatives such as magnesium citrate, magnesium sulfate, and 
hyperosmolar laxatives such as lactulose, sorbitol, and polyethyl-
ene glycol. Emollient laxatives such as mineral oil, docusate salts, 
stimulant laxatives such as castor oil, anthraquinones (e.g., senna, 
cascara sagrada, phenolphthalein, and bisacodyl are avoided 
for long-term use. Patients who have paradoxical contractions 
can be treated with biofeedback sessions23 and can be taught 
to use the right muscles to be able to initiate the process of 
defecation.

Surgical Management

For patients who have exhausted medical treatment, surgical 
treatment requires defi ning the problem as colonic inertia or 
obstructive defecation. The algorithm for treatment is provided 
in Table 78-2. Long-standing constipation due to colonic inertia 
is treated with a total colectomy with an ileorectal anastomosis 
or occasionally with a cecorectal anastomosis. Because preserva-
tion of the sigmoid colon is associated with postoperative consti-
pation,24,25 an ileosigmoid anastomosis is not considered a good 
option. Laparoscopic colectomy is gaining popularity because of 
the decreased morbidity, shorter hospital stay, and better cos-
metic result.26,27 Patients who undergo colectomy with ileorectal 
anastomosis have increased number of bowel movements, 
although many patients complain of incontinence and persistent 
symptoms of abdominal pain and bloating.28 Quality-of-life 
scores are usually not elevated although the symptoms of consti-
pation are successfully treated.29,30

A less popular procedure is the antegrade continent enema 
(ACE) described by Malone in 1990. This procedure was described 
for children and later used in adults.31 Through a surgically con-

structed retrograde appendicostomy, washout of the colon is 
accomplished, although it can also induce high-amplitude waves 
and mass movement. Although this procedure has good results, 
it is marred by complications such as intestinal obstruction and 
perforation, and it may require many surgical revisions.

A newer technique that is showing potential in treating con-
stipation is neuromodulation. Sacral nerve stimulation, which is 
unavailable in the United States, has produced some promising 
results in studies conducted in Europe.32 Further research and 
newer techniques in neuromodulation may be the future treat-
ment of choice for colonic inertia.

Patients with obstructive defecation may respond to biofeed-
back,33 relaxation therapy, and retraining. This requires a dedi-
cated therapist and a motivated patient. Results of biofeedback 
therapy are encouraging in carefully selected patients.23 Those 
with symptoms that do not respond to biofeedback have been 
improved with the stapled transanal rectal resection (STARR) 
procedure.34 This is widely used in Europe and uses a circular 
stapler to excise a full thickness of the rectal wall at a distance of 
about 6 to 9 cm from the anal verge.

Surgery for constipation is appropriate for only selective 
patients and in patients with severe symptoms. Patients usually 
dictate the timing of the surgery, but they should be warned that 
not all preoperative symptoms are relieved. Usually, bowel fre-
quency is a symptom that does improve.30 Figure 78-5 is an algo-
rithm for management of patients with chronic constipation.

IRRITABLE BOWEL SYNDROME

Pathophysiology

Irritable bowel syndrome (IBS) is a disease of symptoms with no 
single pathologic entity. The prevalence has been estimated at 
10% to 15% in the Western population,35,36 with only 3.3% being 
medically diagnosed.37 The Rome II criteria are commonly used 
(Table 78-3).38 The common symptoms are abdominal pain and 
altered bowel habits. Patients can develop symptoms with diar-
rhea (IBS-D) or constipation (IBS-C) as a predominant symptom 
or have a combination of diarrhea and constipation. There have 
been no studies that demonstrate a change in myoelectric activity 
in the colon and small intestine. Current studies are focusing on 
the role of visceral sensory abnormalities in IBS.39

This disease has been associated with various emotional dis-
orders, and this has led to the speculation of being associated with 
a disorder of the central nervous system. However, it is uncertain 
whether this is a primary central nervous system disorder that 
affects gut motility or a primary gut disorder with inappropriate 
input from the central nervous system.40 Associations between 
sexual and physical abuse,41 abnormal psychiatric features,42 and 
IBS have been reported. Other factors are a history of prior gas-
trointestinal infection, malabsorption, and food intolerance.

Treatment of Irritable Bowel Syndrome

The diagnosis of IBS is essentially one of exclusion of organic 
causes. A workup should include a thorough history and physical 
examination, a complete blood cell count, sedimentation rate, 
thyroid profi le, and stool analysis for parasites. For patients with 
diarrhea-predominant symptoms, a hydrogen breath test to rule 
out lactose intolerance is considered. IBS has been known to 
remit spontaneously.
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is the most commonly used antidiarrheal and has been shown to 
decrease fecal urgency, borborygmi, and diarrhea.45 Other agents 
commonly used are cholestyramine, which is a resin that binds 
bile acids, and ondansetron,46 which is a serotonin receptor 
antagonist.

Antispasmodic agents have a wide application in IBS. They 
range from anticholinergics such as dicyclomine to calcium 
channel blockers and peppermint oil, which is a naturally occur-
ring carminative.

Drugs for Irritable Bowel Syndrome with Constipation
The 5-hydroxytryptamine type 4 (5-HT4) receptor agonist tega-
serod stimulates peristaltic activity and increases small and large 
intestinal transit time. The dosage used has been (6 mg twice 
daily) has provided signifi cant improvement of bloating, abdom-
inal discomfort, and constipation (during fi rst and repeated 
symptoms).47,48 The common side effects are diarrhea and 
headaches.

Antidepressants
Amitriptyline has been used in the IBS-D patients. In addition to 
its mood-lifting activity, it has a physiologic effect by inhibiting 
the motor activity of the gut. These effects are particularly helpful 
in patents with pain-predominant symptoms.

Constipation

Check medications and metabolic
profile

Rule out structural lesions via barium enema /Colonoscopy

Long-standing Recent

Diet modification,
fiber supplement,
exerciseMedical treatment

Colon transit study/anal
manometry/dynamic MRI

Colectomy

+ IRA
STARR

Biofeedback

Paradox

No improvement

Medical treatment

Improvement

No improvement ImprovementSlow transit

ODS

Figure 78-5 Algorithm for the management of 
chronic constipation. IRA, ileorectal anastomosis; 
MRI, magnetic resonance imaging; ODS, 
obstructive defecation syndrome; STARR, stapled 
transanal rectal resection.

Diet
The treatment of IBS is frustrating for the physician and the 
patient because it consists of a trial-and-error approach. The 
initial management is dietary guidance and counseling. It is 
important to have an in-depth dietary history that rules out food 
allergies, lactose intolerance, foods that cause increased gas pro-
duction, and foods that induce an immune response, which con-
tribute to mucosal infl ammation.

Diet is modifi ed in accordance with symptoms. Fiber may help 
constipation-prone patients, and limiting fi ber, salads, fresh fruit, 
and some vegetables may help those that are diarrhea prone. 
However, most patients with IBS rarely adhere to a strict dietary 
or supplementary regimen.43 Foods commonly found to help 
patients when excluded from the diet are milk, eggs, and wheat 
and, less commonly, coffee, nuts, and peas. Exclusion of wheat, 
potatoes, onions, and dairy products has been shown to decrease 
the amount of gas production. Lactose-free diets have not had any 
benefi t in adult patients, except in selected groups of patients or 
cultures44 (e.g., Norwegian) in which the lactose intake is high.

Drugs Causing Decreased Bowel Motility
Antidiarrheal agents have been widely used in IBS-D patients. 
They delay transit time, increase anal pressures, and decrease 
rectal sensation, causing the stool to be dehydrated. Loperamide 
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Other Drugs
Prokinetic drugs such as cisapride (which has been taken off the 
market) have been used in IBS-C patients.49 Other drugs that 
have been used are anxiolytics, antigas preparations, and mast 
cell degranulation inhibitors such as disodium chromoglycolate. 
Probiotics have been studied, and the results are confl icting.50 
The probiotic commonly used is Lactobacillus plantarum.

Alosetron (Lotronex), a 5-HT3 receptor antagonist, decreases 
small and large intestine motility and transit time. It has been 
used to treat severe IBS-D patients for control of diarrhea and 
abdominal discomfort.51,52 The use of alosetron has been limited 
because of its association with ischemic colitis53 and serious com-
plication of constipation.54

Other Therapies
Other treatment modalities that have been helpful are relaxa-
tion therapy,55 psychotherapy,56 and hypnotherapy.57 Patients with 
IBS frequently present with symptoms of constipation or fecal 
incontinence. These patients most often fail surgical corrections 
unless the symptoms of IBS are brought under control fi rst.

RECTAL PROLAPSE

Overt rectal prolapse is the prolapse of the entire thickness of the 
rectal wall through the anal orifi ce. This is usually a problem seen 
in older women. A multitude of treatment modalities have been 
described, highlighting the fact that treatment is controversial 
and that no one treatment or surgery is entirely successful.

Etiopathology

The cause of rectal prolapse is unknown, but several theories have 
been postulated. The fi rst of these, described by Moschowitz,58 
attributes rectal prolapse to a sliding hernia through a defect in 
the pelvic fascia. The second theory by Brodin and Snellman59 
postulates that rectal prolapse is an intussusception of the rectum 
starting about 3 inches above the anal verge. Radiologic fi ndings 
that the prolapse starts well above the pelvic fl oor rules out the 
possibility of this being a sphincter disorder. Predisposing factors 
are intractable constipation, chronic diarrhea, neurologic dis-
eases, anatomic defect due to pregnancies, previous surgeries, 
and psychiatric illness.

Rectal prolapse has been categorized as complete or full-thickness 
(Fig. 78-6) wall prolapse through the sphincters or intussuscep-
tion that has not protruded beyond the sphincter complex. It 
should be differentiated from mucosal prolapse (Fig. 78-7).

Workup

The confi rmatory test is a clinical demonstration of a rectal pro-
lapse and the exclusion of prolapsing hemorrhoids. Other tests 
are done for associated symptoms and to rule out colonic pathol-
ogy. These tests may include a barium enema to look for a redun-
dant colon, anorectal manometry and dynamic MRI (when 
obstructive defecation is suspected), transit studies in patients 
with constipation, and a colonoscopy.

Treatment of Rectal Prolapse

The earliest operation for rectal prolapse was described by 
Thiersch in 1891. It involved encircling the anus with a silver 

Table 78-3 ROME II Criteria for the Diagnosis of 
Irritable Bowel Syndrome

For at least 12 weeks (which need not be consecutive) of the 
preceding 12 months, abdominal discomfort or pain that has 
two of three of the folowing features* †

1. Pain relieved with defecation
2.  Onset of pain associated with a change in frequency of 

stool
3.  Onset of pain associated with a change in form 

(appearance) of stool
Symptoms that cumulatively support the diagnosis of IBS
1.  Abnormal stool frequency (more than three bowel 

movements per day; less than three bowel movements per 
week)

2. Abnormal stool form (lumpy or hard; loose or watery)
3.  Abnormal stool passage (straining, urgency, or feeling of 

incomplete evacuation)
4. Bloating or feeling of abdominal distention
Symptoms are not typical of IBS
1. Pain that awakens or interferes with sleep
2. Diarrhea that awakens or interferes with sleep
3. Blood in the stool (visible or occult)
4. Weight loss
5. Fever
Symptoms that further aid the diagnosis of IBS
A. Fewer than three bowel movements a week
 B. More than three bowel movements a day
C. Hard or lumpy stools
D. Loose or watery stools
 E. Straining during a bowel movement
 F. Urgency
G. Feeling of incomplete bowel movement
H. Passing mucus during a bowel movement
 I. Abdominal fullness, bloating, or swelling

Categoration of of IBS based on symptoms‡

Diarrhea-predominant IBS: At least one of B, D, and F 
but none of A, C, and E, or at least two of B, D, and 
F plus one of A or E

Constipation-predominant IBS: At least one of A, C, and 
E but none of B, D, and F, or at least two of A, C, 
and E plus one of B, D, and F

*Rome I criteria not included in this algorithm. The diagnosis of IBS relies 
on meeting Rome II inclusion criteria (updated by Rome III criteria) and 
excluding other illnesses based on the history, physical examination, and 
laboratory testing.
†In addition to meeting these positive criteria, patients have initial labora-
tory testing with a complete blood cell count, basic chemistry panel, and 
an erythrocyte sedimentation rate. The diagnostic accuracy for IBS is more 
than 95% when the Rome II criteria are met, the history and physical 
examination results do not suggest any other cause, and initial laboratory 
test results are negative.
‡An update to these criteria was issued at the Rome III conference and 
published in May 2006. The preferred terms were changed to IBS with 
diarrhea (from diarrhea-predominant IBS) and to IBS with constipation 
(from constipation-predominant IBS). In this categorical system, many 
people whose features place them close to a subtype boundary (e.g., IBS 
with alternating stool pattern) can change pattern without a major change 
in pathophysiology.
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wire, thereby decreasing the anal opening. This procedure has 
largely been abandoned.

The current operative procedures are divided into abdominal 
and perineal procedures. The abdominal procedures are based 
on fi xing the rectum to the sacrum; the perineal procedures aim 
at excision of the prolapsed rectum.

Abdominal Procedures
The principles of abdominal procedures are based on rectal 
mobilization and fi xation, with or without resection of the 
sigmoid colon based on the patient’s symptoms. Rectal mobiliza-
tion is described subsequently, and the various methods of rectal 
fi xation are discussed.

Abdominal Mobilization of the Rectum
Rectal mobilization is carried out through a Pfannenstiel or 
midline incision. The extent varies among surgeons but usually 
involves posterior mobilization to the coccyx and incision ante-
riorly to the upper third of the vagina. Lateral mobilization is 
controversial, and at least one lateral stalk may be preserved to 
avoid new evacuation problems.

Rectal Fixation
Rectal fi xation can be achieved by using mesh (i.e., Ripstein’s 
procedure) or a foreign material (i.e., Ivalon sponge repair) or 
suture rectopexy.

Ripstein’s procedure is more frequently done outside the 
United States. Ripstein and Lante60 thought that the rectal pro-
lapse was caused by loss of attachment of the rectum, which 
makes it lose its posterior curvature and become a straight tube. 
Massive straining causes the rectal walls to intussuscept, which 
begins at the rectosigmoid junction and fi nally protrudes through 
the anus. They did not believe that the pelvic defects were the 
primary cause and did not see the need to repair them. Rectal 
fi xation was achieved initially by fascia lata and later changed to 
Marlex mesh61 and Gore-Tex mesh.62

In this procedure, the rectum is mobilized to the tip of the 
coccyx posteriorly. The lateral stalks may be divided. The free end 
of a 5-cm Marlex or Gore-Tex mesh is fi xed to the sacrum with 
nonabsorbable sutures, which are placed 1 cm from the midline, 
taking care to avoid any presacral bleeding. The mesh is wrapped 
around the rectum anteriorly, and the free end is sutured to the 
other side in a similar fashion. The sling should be loose enough 
to admit two fi ngers. The peritoneum is then closed over the 
sling.

Intraoperative complications of this procedure include pre-
sacral bleeding. Postoperative complications include hemorrhage 
and pelvic abscesses.63 Late complications include persistent con-
stipation, new onset of constipation, recurrence, erosion of the 
mesh, and strictures. The recurrence rate has been cited as 2% to 
10%.64,65 Some investigators66 have recommended this procedure 
be performed with a sigmoid resection in patients with a long-
standing history of constipation. However, others are hesitant to 
resect large intestine in the face of introducing mesh at the same 
procedure.63

Ivalon sponge repair was described by Wells67 in 1959 and was 
popular in Europe. After rectal mobilization, a rectangular piece 
of Ivalon sponge is moistened and fi xed to the sacrum in the 
midline using nonabsorbable sutures. The mobilized rectum is 
then pulled upward in front of the sponge, and the sponge is 
wrapped around the rectum and sutured to the anterior wall, 
leaving one third of the circumference free anteriorly. The sponge 
is then buried under the peritoneum.

The predominant complication is pelvic abscess, which occurs 
in about 16% of the patients.68 Even though an abscess usually 
necessitated removal of the sponge, infl ammatory scarring of the 
rectum on many occasions fi xes the rectum to the sacrum, 
thereby curing the prolapse. This procedure is not performed in 
the United States.

Suture rectopexy was fi rst described by Pemberton and 
Stalker.69 It fi xes the rectum to the sacrum posteriorly. After 
mobilization of the rectum posteriorly, proctopexy is achieved 
using two or three nonabsorbable sutures on either side to fi x the 
rectum to the presacral fascia, taking care to avoid the presacral 
vessels, which can result in bleeding.

Suture rectopexy has been associated with a mortality rate of 
0% to 6.7% and a recurrence rate of 0% to 20%.70 In many, the 
incontinence decreases in time after rectopexy.71

Abdominal Rectopexy with or without Resection of 
the Sigmoid Colon
Sigmoid resection alone has not been popular for rectal prolapse. 
However, resection of the sigmoid colon has been advocated 
when constipation is a predominant symptom preoperatively 

Figure 78-6 Complete rectal prolapse.

Figure 78-7 Mucosal prolapse of rectum.
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and a redundant sigmoid colon has been demonstrated by 
imaging studies. In some cases, this improves after sigmoid resec-
tion.72 Resection and the subsequent fi brosis that occurs in the 
area of the anastomosis may add to the fi brosis that occurs with 
a rectopexy.

Laparoscopic Rectopexy
The laparoscopic approach is theoretically similar to the open 
procedure, and results should be comparable, but the technique 
is still evolving. The advantage of the laparoscopic technique is a 
reduction in pain at the incision site and hospital stay.73 Laparo-
scopically assisted rectopexy has acceptable results, with a mor-
bidity rate of 9%, leak rate of less than 1%, and a recurrence rate 
of 2.5% for a full-thickness and 18% for a mucosal prolapse.74 
Studies have demonstrated that laparoscopic resection has a 
short-term benefi t in the length of stay and is comparable to open 
prolapse surgery in the long term for continence and constipa-
tion and recurrence rates.14

Perineal Procedures
Perineal Rectosigmoidectomy
Perineal rectosigmoidectomy was initially described in 1889 and 
popularized by Miles75 in 1933. Subsequently, Altemeier76 cham-
pioned its use in the United States. The indication for surgery is 
the high-risk individual who may not tolerate the anesthesia 
needed for an abdominal approach. Some institutions have advo-
cated this approach for young men in whom the abdominal 
procedures may carry a higher risk of sexual dysfunction.77

It can be done under local, regional, or general anesthesia in 
the lithotomy position. The anastomosis can be hand-sewn or 
stapled. A circumferential incision is carried out 1 to 2 cm above 
the dentate line, and of the rectum is mobilized. The mesentery 
of the rectum is clamped and divided until the bowel cannot be 
pulled down anymore. The bowel is then transected and anasto-
mosed to the distal cut end. Before the anastomosis, the levator 
muscles may be plicated in an effort to lengthen the anal canal 
to improve continence.

Complications include bleeding from the suture line, dehis-
cence of the suture line, anastomotic stricture, injury to the small 
bowel, and an increase in morbidity due to pulmonary and 
cardiac complications in fragile patients.78

Delorme Procedure
The Delorme79 procedure is another perineal procedure. It has 
become more popular in recent years. A circular incision is made 
in the mucosa about 1 cm above the dentate line, and the mucosa 
is carefully lifted away, taking care to cauterize any bleeding 
vessels on the way. This continues until there exists no further 
redundancy. The redundant mucosa is amputated, and the 

mucosal ends are then brought together and sutured. Recurrence 
rates vary from 5% to 20%.80

Abdominal versus Perineal Procedures
The abdominal procedure is the procedure of choice for the 
medically fi t patient in most institutions because of the lower 
recurrence rates. Perineal procedures are usually offered to frail 
patients with comorbidities. The choice of perineal procedure 
usually rests with the surgeon and depends on his or her level of 
experience. The perineal rectosigmoidectomy has a lower recur-
rence rate than the Delorme procedure.81 The Delorme proce-
dure may be a choice when there is insuffi cient length to do a 
perineal rectosigmoidectomy. Concomitant levatoroplasty after 
a perineal rectosigmoidectomy has been shown to improve 
continence.81

The most common abdominal procedure is rectopexy with or 
without resection. The abdominal procedures are associated with 
better continence than the perineal procedures.82 Suture recto-
pexy has acceptable results, and the addition of mesh posteriorly 
does not seem to offer any distinct advantage. The addition of a 
sigmoid resection is of value in patients with a redundant colon 
and symptoms of constipation. The Ivalon sponge has been asso-
ciated with an increase in infection and has been abandoned. The 
Ripstein’s procedure has been associated with new-onset consti-
pation due to the mesh confi guration. Laparoscopic rectopexy is 
gaining popularity, and with time and development of new 
instruments, it will be performed more.73

Emphasizing the mental algorithm in approaching patients 
with rectal prolapse Kim and colleagues83 reviewed 188 perineal 
rectosigmoidectomy and 160 abdominal rectopexy patients. They 
found no signifi cant differences in morbidity but found a higher 
recurrence rate with perineal procedures.

Recurrent rectal prolapse is treated by a repeat repair, and 
both abdominal and perineal repairs have been advocated. 
However, care should be taken to delineate the previous anasto-
mosis. It is important to consider all previous operations in an 
attempt to avoid rendering a section of bowel ischemic due to 
division of blood vessels at the previous repair.

CONCLUSIONS

Evaluation of the individual patient is the key to treating 
defecatory disorders and fecal incontinence. There is no perfect 
cure for these ailments, and much patience and time goes into 
making a diagnosis and reaching an individual treatment 
plan that can help these patients. Newer treatment options are 
emerging, and the modalities of treatment may change in the 
future.
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Chapter 79

URETHROVAGINAL FISTULA
Jason P. Gilleran and Philippe E. Zimmern

Urethrovaginal fi stula (UVF) presents a challenging diagnostic 
and therapeutic dilemma for the reconstructive surgeon. Because 
of its uncommon occurrence, much of what is known about this 
entity is derived from small series and case reports. Consequently, 
most UVFs are seen and treated in specialized centers, whether 
they manifest alone or in combination with a vesicovaginal 
fi stula. The underlying cause, number of prior repairs, and 
damage to the continence mechanism are key factors in approach-
ing the patient with a UVF. This chapter reviews the common 
causes, diagnostic modalities, and therapeutic options for 
UVFs.

ETIOLOGY

Postoperative Iatrogenic Factors

Traumatic fi stulas resulting from obstetric deliveries account for 
most UVFs in underdeveloped nations, whereas in industrialized 
nations,1 UVFs occur as a complication of urethral diverticulec-
tomy, anterior colporrhaphy, or other periurethral procedures. 
Some direct injuries are recognized at the time of the original 
surgery. In this instance, closure of the urethral lumen without 
verifying water-tightness, overlapping suture lines, lack of con-
sideration for tissue interposition, insuffi cient bladder drainage, 
or a combination of these factors can contribute to the secondary 
formation of a UVF. Indirect mechanisms are less common but 
have been reported after periurethral collagen injection2 and an 
anterior colporrhaphy during which tight suburethral plication 
resulted in tissue necrosis and secondary fi stula formation.3 An 
unrecognized urethral injury, which can occur during urethroly-
sis and particularly in the setting of dense periurethral scar tissue 
after a sling procedure, is another indirect mechanism. Most 
contemporary series on synthetic slings using tension-free vaginal 
tape or transobturator tape report a low incidence of urethral 
injuries and secondary urethral erosions, which can result in 
UVFs.4-6

Radiation Therapy

Although the incidence of vaginal fi stulas occurring after irradia-
tion for pelvic malignancies is signifi cantly lower than in the past 
because of technical advances in radiation delivery, the profound 
long-term effects of radiation on surrounding tissues can promote 
fi stula formation. Repair with fl ap interposition should be con-
sidered, but a supravesical diversion may be the only remaining 
option for heavily radiated tissues.

Other Causes

Vaginal lacerations after pelvic trauma, if ignored or inadequately 
repaired, can lead to UVF formation. Primary closure of vaginal 

lacerations is advocated to prevent fi stula formation; regardless 
of the approach, these lacerations are susceptible to wound dehis-
cence if not properly débrided before repair.1 Although rare, a 
neoplasm arising from a urethral diverticulum7 can extend locally 
and manifest as a UVF. Likewise, radiation therapy for urethral 
cancer can lead to tumor necrosis and a secondary UVF.

DIAGNOSIS

History and Physical Examination

Presenting symptoms may provide some insight as to the loca-
tion and size of a UVF. Fistulas distal to the urethral continence 
mechanism may be entirely asymptomatic, or they may manifest 
as a split urinary stream or vaginal voiding. Occasionally, recur-
rent urinary tract infections are the main presenting symptoms. 
Women with larger fi stulas or with fi stulas involving the proxi-
mal urethra and bladder neck region present with continuous 
incontinence. It is important to review the prior operative notes, 
evaluate tissue quality (i.e., multi-operated, densely scarred, or 
atrophic tissues), and look for risk factors for defi cient healing 
(e.g., immunosuppression, malnutrition, irradiation). Physical 
examination should identify the size and location of the fi stula 
and any other associated fi stulas or tissue changes. However, 
smaller tracts may be challenging to recognize, requiring endos-
copy and imaging for exact determination. In some cases, a high 
index of suspicion despite thorough negative investigations may 
lead to urethrocystoscopy under anesthesia to establish the 
diagnosis.

Imaging

Visualization of the fi stula tract may be accomplished by voiding 
cystourethrography8,9 or by double-balloon urethrography, but 
these techniques require high resolution to see the tract and true 
lateral views (Fig. 79-1). Upper tract imaging may be necessary 
for large or multiple fi stulas to exclude ureteral obstruction or an 
associated ureterovaginal fi stula. Urethral magnetic resonance 
imaging is of limited benefi t to identify a fi stula tract and is 
occasionally helpful in case of suspected residual diverticulum 
pocket associated with a UVF after urethral diverticulectomy.

Endoscopy

Direct visualization of the fi stula opening on the fl oor of the 
urethral lumen with a short-beaked female urethroscope or a 
fl exible scope can confi rm the diagnosis.10 It is important to 
document the size of the opening and its location in the urethra 
in relation to the continence mechanism. The status of the 
bladder neck, trigone, and ureteric orifi ces should be observed, 
as well as the condition of the surrounding tissues for changes 
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suggesting infl ammation or neoplasm. A biopsy may be indicated 
for friable and irregular fi stula edges or in case of a palpable 
induration around the fi stula site. After vaginal laceration or 
urethral tear, the urethra may be completely strictured and 
the UVF located proximal to the site of urethral injury. 
Transvaginal endoscopy can help accessing the fi stula tract and 
possibly the bladder by advancing a small fl exible scope through 
the tract.

MANAGEMENT

The decision on how and when to best manage a UVF largely 
depends on the cause of the fi stula, the quality of the surrounding 
tissues, the correction of risk factors for poor tissue healing 
whenever possible, and the number of prior repairs. Experience 
with urethral reconstruction procedures is paramount to 
achieving a good technical outcome. A large armamentarium 
of additional procedures to secure continence and prevent 
fi stula recurrence should be available to the repairing surgeon.

Observation

Small fi stulas in the distal urethra may be discovered incidentally 
and observed if minimally or asymptomatic. Spontaneous 
resolution of UVF with short-term catheter drainage has been 
reported.11 Most patients, however, choose surgical repair.

Surgical Repair

The goals of UVF repair are to close the tract, prevent recurrence 
of the fi stula, and restore continence as indicated. In the case of 
a small distal fi stula tract producing a split urinary stream with 
minimal or no incontinence, a simple marsupialization proce-
dure to create a hypospadiac opening (i.e., Spence procedure) 
may correct the problem.12 We review two scenarios for trans-
vaginal repair of a UVF, one involving a simple primary closure 
for a small nonirradiated UVF and the other a larger UVF neces-
sitating more advanced techniques of urethral reconstruction 
and fl ap interposition for continence and closure.

Primary Closure with a Vaginal Flap
A primary repair using layered closure was fi rst described by 
Collis,13 and it is ideal in the setting of a small to medium-sized 
UVF in nonirradiated tissues. Sterile urine must be obtained 
preoperatively, and antibiotic administration must be continued 
perioperatively. Several elements are necessary to facilitate a suc-
cessful repair, as listed in Table 79-1. Patient positioning varies 
between advocates of the prone position14 and those preferring a 
high lithotomy position. Maximum perioperative urinary drain-
age is best achieved with a urethral and a suprapubic catheter. 
Exposure is facilitated by a Lonestar retractor (Lone Star Medi-
cal Products, Stafford, TX) or other self-retaining retractor, a 
weighted vaginal speculum, a headlight, and even magnifying 
glasses if available. Passage of a Tefl on guidewire over a 5-Fr 
open-ended ureteral catheter through the tract can facilitate the 
dissection of the tract (Fig. 79-2). Hydrodissection with normal 
saline can aid in separating the vagina from the urethral wall. A 
broad-base, inverted-U-shaped incision is made in the anterior 
vaginal wall. This broad-base fl ap permits secondary tissue inter-
position (e.g., autologous sling, Martius labial fat pad graft15) 
(Fig. 79-3). After raising the anterior vaginal fl ap, the fi stula 
opening on the vaginal wall is closed with fi ne absorbable sutures. 
In our experience, which follows the principles recommended 
by Raz for a vaginal repair of a vesicovaginal fi stula, the well-
circumscribed UVF tract is not excised. This decision prevents 
enlarging the fi stula site and creating further bleeding and ure-
thral compromise. Closure of the tract is performed with two 
running absorbable sutures started at each corner of the fi stula 

Figure 79-1 Lateral view from voiding cystourethrography (VCUG) 
of a woman with a urethrovaginal fi stula at the mid-urethra 
demonstrates a fi stula tract, with contrast seen in the vagina. Good 
resolution and true lateral voiding fi lms are important in visualizing 
the tract on VCUG.

Table 79-1 Perioperative Checklist

High lithotomy (or prone) 
position

Fine urethral instruments and 
sutures

Short-beaked female 
cystourethroscope (consider 
guidewire and open-ended 
ureteral catheter)

Access to autologous sling 
harvest (rectus fascia, 
fascia lata)

Suprapubic tube placement 
(Lowsley retractor or 
percutaneous kit)

Interposing graft (Martius 
labial fat pad, gracilis 
muscle)

Headlight Soft urethral catheter
Vaginal retractor (Scott Lone 

Star, Turner-Warwick)
Magnifying loupes (optional)

Injectable saline and marking 
pen

Vaginal pack, antibiotics and 
anticholinergic medications 
(belladonna and opium 
suppository)
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tract and run toward the midpoint. After water-tightness of the 
repair is verifi ed,16 it is frequently necessary to interpose a layer 
over the urethral repair to minimize the risk of recurrence. We 
routinely use an autologous sling (i.e., rectus or fascia lata) inter-
position, which serves the dual purpose of restoring continence 
and minimizing recurrence. After the sling is secured in place at 
the undersurface of the urethra and over the UVF closed site, the 
initially raised anterior vaginal wall fl ap is advanced to complete 
the vaginal closure. Use of a fi brin adhesive as a protective layer 
between suture lines has been reported.17 A vaginal pack with 
antibiotic ointment is placed for 24 hours, and anticholiner-
gic medications are administered to avoid secondary bladder 
spasms.

Urethral Reconstruction
In advanced cases involving a severely damaged urethra from 
many previous urethral procedures, a more complex surgical 
repair may be necessary. At the time of consent, it is essential to 
explain to the patient and her family the challenges posed by 
repairing a large urethral defect with often scarred, thin, and 
poorly vascularized tissues or making a neo-urethra. A large 
defect always compromises the continence mechanism; closing 

Figure 79-2 Passage of a 5-Fr ureteral catheter over a Tefl on 
guidewire facilitates identifi cation of the fi stula tract during 
dissection. Additional hooks as part of the self-retaining retractor 
(lateral) are important to adequately visualize the surgical fi eld.

A B
Figure 79-3 A, An inverted-U-shaped anterior vaginal wall fl ap incision is made, with the fi stula outlined. Creating a broad vaginal fl ap is 
essential to avoid fl ap necrosis and allow for adequate mobilization. B, The fl ap is advanced and the fi stula tract closed, with tissue 
interposition between the two (transparent) to prevent recurrence.
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the defect alone will lead to an incontinent pipe-stem urethra, 
and urethral support with a nonsynthetic sling can aid in restor-
ing continence. Despite these precautions, a secondary UVF 
fi stula can occur, and even after a technically successful repair, 
various degrees of stress or urge incontinence, secondary urethral 
narrowing, or even voiding dysfunction can remain challenging 
issues to manage.

Before deciding which technique to employ, a careful exami-
nation under anesthesia is needed to determine the precise loca-
tion and extent of the urethral loss, the quality and length of the 
anterior vaginal wall, and the condition of the labia minora and 
the labia majora. Traditionally, the options for repair are limited 
to the creation of an anterior vaginal wall fl ap or a tube graft from 
the labia minora. When the defect extends into the bladder neck 
and trigone, placement of ureteral stents is recommended. After 
the tissues are adequately mobilized, our preference to create a 
neo-urethra or a segmental inferior urethral plate is to roll labia 

minora fl aps medially and suture them with invagination of the 
mucosal layer18 around a 14- or 16-Fr, soft, Silastic urethral cath-
eter (Fig. 79-4). Then a second layer of tissue (i.e., Martius or 
sling, or both) is interposed before vaginal closure. Using the 
vagina to create a urethra usually is our second choice, and it can 
be considered when the anterior vaginal wall is long enough or 
the risk of foreshortening is not a concern in a patient who is not 
sexually active.

Beyond these two scenarios are a multitude of complex recon-
structions involving poor-quality tissues, occasionally damage 
from radiation exposure, total or near-total urethral loss, or 
refractory UVFs, for which other techniques may need to be 
considered, including an anterior bladder wall fl ap, other inter-
position tissues (e.g., gracilis, rectus muscle,19 omental fl ap), or 
vaginal wall closure with an island of bulbocavernous musculo-
cutaneous fl ap20 with attached skin. However, in such advanced 
cases, consideration should be given to transvaginal or abdomi-

A

B

C

Figure 79-4 Construction of a neo-urethra in a large urethrovaginal 
fi stula involving extensive tissue loss (A). Vaginal fl aps are mobilized 
and tubularized over a soft urethral catheter (B), with labial tissue 
used for fl ap coverage of the neo-urethra (C).
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nal21 bladder neck closure or a continent or noncontinent urinary 
diversion.22

Postoperative Care

Broad-spectrum antibiotic coverage is continued, and the vaginal 
pack is removed after 24 to 48 hours. Uninterrupted postopera-
tive bladder drainage with urethral and suprapubic catheters is 
imperative. Anticholinergic medications are administered during 
this period to limit bladder spasms and to prevent catheter expul-
sion. After approximately 3 to 4 weeks, voiding cystourethrogra-
phy should be used to document urethral integrity and exclude 
a fi stula recurrence. Return to sexual activity is delayed until 
complete healing of the vagina has occurred.

RESULTS

Because of the rarity of UVF, no large case-control series or ran-
domized trials are available. Most case series consist of heterog-
enous UVFs managed with different techniques. One series 
divided 34 women into three groups based on the degree of ure-
thral damage and type of surgical repair. In women with intact 
urethras who underwent a primary, transvaginal, layered closure, 
23 (88%) of 26 experienced a successful anatomic and functional 
outcome.12 Five women with destruction of the posterior urethra 
underwent extensive reconstruction, with all having successful 
anatomic outcomes, but only two of fi ve were continent post-
operatively. In another series of nine women with UVF, there was 
a 100% anatomic success rate after primary repair with a Martius 
labial graft interposition, with no cases of recurrent fi stula or 
stricture.18 However, two patients required additional surgery for 
stress incontinence. Similar success rates were reported in a series 
of 24 patients who underwent UVF repair using a Martius fat pad 
for reinforcement.11

The systematic use of a Martius labial fat pad interposition for 
all UVF repairs is arguable. In a report of 11 women with UVF, 
7 who had undergone primary or vaginal fl ap closure without a 
Martius procedure had recurrences and subsequently underwent 
secondary repair with a labial fat pad.1 The four remaining 
patients who underwent a Martius procedure had excellent ana-
tomic results. In another retrospective study of 12 women with 
UVF, 3 of 4 patients who were repaired primarily alone had 
recurrences, compared with only 1 of 8 whose closures were 
reinforced with a Martius labial fat pad.23 Women in this series 
who had multiple or recurrent UVFs and underwent Martius 
along with UVF repair fared better than those women repaired 
without a Martius fl ap.

Repair with a rectus abdominis muscle fl ap was reported for 
six women with refractory and complex UVFs. In this series, no 
patient had fi stula recurrence at a mean follow-up of 23 months, 
and fi ve of six women were continent and voiding to comple-
tion.19 Similarly, a series of four “giant” vesicourethrovaginal fi s-
tulas were repaired by a suprapubic approach with fi stula excision 
and omental interposition or a modifi ed Tanagho bladder wall 
fl ap urethral reconstruction.24 Two of these patients remained 
totally incontinent due to defi cient sphincteric mechanism.

PREVENTION

“An ounce of prevention is worth a pound of cure” is applicable 
to urethral surgery and UVF formation. Technical considerations 

to help avoid this complication altogether are addressed in the 
following sections.

Urethral Diverticulectomy

Beyond patient positioning, adequate visualization of the tissues 
during urethral diverticulectomy can be facilitated by the use of 
a headlight and magnifying glasses. Careful dissection to limit the 
size of the urethral defect after complete excision of the diverticu-
lum pocket, particularly along the inside wall of the diverticulum 
adjacent to the urethral lumen, can decrease the risk of fi stula 
formation.25 After the urethral defect is closed with fi ne absorb-
able sutures, the integrity of the closure is tested with a 5-Fr 
feeding tube or ureteral catheter in the lumen, occluding the 
distal outlet and bladder neck. Any visual leak should be further 
controlled with absorbable sutures. For a large defect, strong 
consideration should be given to tissue interposition (i.e., Martius 
or sling).

Pubovaginal Sling and Urethrolysis Procedures

The risk of urethral injury is of particular concern in the mid-
urethra because the plane between urethra and vagina (Fig. 
79-5A) is thinner compared with that in the proximal urethra 
(see Fig. 79-5B). Hydrodissection can aid in discerning this fairly 
avascular plane; venous bleeding from the urethral side may 
suggest an otherwise subtle urethral injury. Urethroscopy at the 
end of the vaginal dissection may be useful to identify such an 
injury, which should be repaired before sling placement. With a 
midline longitudinal incision common to many of the synthetic 
sling procedures, there is a risk of lateral urethral injury early in 
the dissection. The tips of the scissors should be pointed laterally 
and away from the undersurface of the urethra. In case of obstruc-
tion from a synthetic sling, it is preferable to stay lateral rather 
than just underneath the urethra to incise the sling.26 Sling exci-
sion exposes the patients to urethral injury, especially when 
the sling is under tension and encroaches on the suburethral 
tissues.

Anterior Colporrhaphy

Early reports described UVF formation caused by overplication 
of tissues around a urethral catheter using silk sutures.11 Although 
the use of permanent suture material or distal urethral plication 
has been abandoned for the most part, plication at the bladder 
neck or proximal urethra can still result in fi stula formation. 
Palpation through the vaginal wall to identify the location of the 
Foley catheter balloon at the bladder neck is an important step 
to avoid extending the dissection underneath the urethra.

CONCLUSIONS

UVFs have different causes, locations, sizes, and associated 
factors. These aspects and the patient’s symptoms dictate the 
selection of a surgical technique. Each repair is unique and chal-
lenging, and it is best performed by an experienced reconstruc-
tive surgeon. Adherence to time-honored principles of fi stula 
repair can help ensure satisfactory anatomic results in most 
instances. Patients should be counseled that functional results are 
not always perfect in regard to continence and voiding function 
postoperatively.
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Chapter 80

RECONSTRUCTION OF THE ABSENT OR 
DAMAGED URETHRA
Jerry G. Blaivas and Jaspreet S. Sandhu

Damage to the female urethra requiring surgical intervention is 
rare. It is most commonly seen in underdeveloped countries 
where obstetric injuries predominate because of prolonged labor, 
particularly when there is maternal-fetal disproportion. It is pos-
tulated that the fetal head compresses the bladder neck and 
urethra against the undersurface of the pubis, causing pressure 
necrosis.1 With the advent of modern obstetric techniques, the 
most common causes of urethral injury are shearing injuries 
from scarring that occurs between the urethra and cervix in 
response to cerclage sutures, prior cesarean section, or other 
sources.

In industrialized countries, surgical trauma from anti-
incontinence surgery is the most common cause. Less common 
causes include damage from urethral diverticula, pressure necro-
sis from long-term indwelling catheters, pelvic fracture injury, 
and invasion from adjacent malignancies. Iatrogenic injuries may 
occur during urethral diverticulectomy, anti-incontinence 
surgery, anterior colporrhaphy, and vaginal hysterectomy. 
Erosions of synthetic slings and sutures from anti-incontinence 
surgery are seen with increasing frequency and may manifest 
years after the original surgery. This is fast becoming the most 
common reason for damage to the urethra, requiring various 
degrees of urethral reconstruction.2-6 The most likely cause is the 
increased use of synthetic materials and technical issues, such as 
dissecting too close to the urethra or tying the sling too tightly. 
In our experience, urethral diverticulectomy continues to be the 
most common cause of extensive urethral damage.7,8 This most 
likely results from failure to obtain a tension-free closure of the 
urethral defect that results from excision of the diverticulum. 
During bladder neck suspension, an inadvertent (and unrecog-
nized) injury to the bladder or urethra may occur, or an errant 
suture may result in fi stula formation or tissue necrosis. We have 
also seen several patients who sustained extensive tissue loss after 
a seemingly simple Kelly plication. It is postulated that the plica-
tion sutures were tied too tightly around a urethral catheter, 
resulting in pressure necrosis.

Long-term indwelling urethral catheters may cause pressure 
necrosis of the urethra, and less commonly, trauma to the pelvis 
may result in fracture or separation of the symphysis pubis, 
which lacerates the urethra or vesical neck, or both. There may 
be local invasion of the urethra or bladder neck from carcinoma 
of vagina or cervix. There can be extensive fi brosis or fi stula of 
the urethra as a consequence of radiation treatment of adjacent 
cancers.

Regardless of the cause of urethral damage, the diagnostic and 
therapeutic challenges are considerable. The goals of surgical cor-
rection are to create a continent urethra that permits the voli-
tional, painless, and unobstructed passage of urine. It should be 
of appropriate length to ensure that the patient does not void into 

the vagina or over the toilet bowl, which can occur if the urethra 
is too long. We think these goals can almost always be accom-
plished with a single transvaginal procedure.

DIAGNOSIS

Although urethral damage is rare, it should be suspected in 
certain clinical scenarios: 1) urinary incontinence after pelvic 
surgery, particularly urethral diverticular surgery, incontinence 
surgery, anterior colporrhaphy, and Kelly plication; 2) large ure-
thral diverticula; 3) urinary incontinence or other lower urinary 
tract symptoms after pelvic fracture; 4) urinary incontinence that 
occurs around an indwelling urethral catheter; and 5) urinary 
incontinence or lower urinary tract symptoms in patients who 
have undergone pelvic irradiation. Most patients with signifi cant 
damage to the urethra have urinary incontinence, but they occa-
sionally present with overactive bladder or voiding symptoms. In 
patients who have undergone recent synthetic sling placement, 
urethral erosion should be suspected when the patient has intrac-
table vaginal or urethral pain, recurrent urinary tract infections, 
vaginal discharge, or hematuria.

For patients with incontinence, the fi rst step in diagnosis is 
physical examination with a comfortably full bladder; the physi-
cian should witness urethral leakage of urine with his or her own 
eyes before a defi nitive diagnosis of sphincteric incontinence 
is made. On more than one occasion, we have diagnosed a 
urethra-vagina fi stula in a woman already scheduled for anti-
incontinence surgery because the fi stula was misdiagnosed as 
sphincteric incontinence. When incontinence is observed from 
the urethral meatus and there is reason to suspect a fi stula, the 
examination should be repeated with a fi nger obstructing the 
meatus to observe for leakage more proximally from the fi stula 
itself. Conversely, some women with urethrovaginal fi stula have 
no symptoms, particularly when the fi stula is in the distal half of 
the urethra and the vesical neck remains intact. These fi stulas 
usually are discovered incidentally on physical examination and 
need no treatment. For examination, we fi nd it best to use the 
posterior blade of a vaginal retractor to depress the posterior 
vaginal wall downward. In many instances, the anatomic defor-
mity is obvious, or urinary leakage may be seen proximal to the 
urethral meatus.

The next step in diagnosis is cystourethroscopy to evaluate the 
extent of the fi stula and to assess the remainder of the urethra, 
particularly the length, viability, and sphincteric function of the 
proximal urethra. Visualization of the urethra is best accom-
plished with a 0- or 30-degree lens and a cystoscope with a 90-
degree beak or fl exible cystoscope. Cystourethroscopy is the 
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modality of choice for diagnosing urethral erosions after sling 
placement.

When a urethral injury is diagnosed, an equally high index of 
suspicion should be maintained for concomitant abnormalities 
such as vesicovaginal or ureterovaginal fi stula, ureteral obstruc-
tion, vesicoureteral refl ux, and sphincteric defi ciency. A careful 
evaluation to exclude each of these conditions should be under-
taken before surgery. Detrusor function may be compromised in 
the form of low bladder compliance, impaired detrusor contrac-
tility, or detrusor overactivity. However, it is diffi cult to diagnose 
these conditions preoperatively, and even when present, they 
should not be surgically treated when the damaged urethra is 
repaired because most subside spontaneously after successful 
repair of the urethra.

Urethral stricture is a rare complication of pelvic fracture or 
other trauma, multiple urethral dilations, prior surgery, and 
pelvic irradiation. This condition is usually diagnosed by cystos-
copy, but it is occasionally found by urodynamic study.

MANAGEMENT

Indications for Surgery

The mere presence of extensive urethral damage is not an indica-
tion for surgery. The two main indications for reconstruction are 
sphincteric incontinence and urethral obstruction, but neither is 
an absolute indication. Urethral erosions after urethral synthetic 
sling surgery are a defi nite indication for surgery because of the 
presence of foreign material in contact with the urinary tract. If 
there is an associated condition such as a vesicovaginal fi stula, it 
should be repaired at the same time.

Urethral reconstruction is technically demanding and requires 
a considerable degree of experience and skill. In inexperienced 
hands, the risks may be prohibitive, and when there is insuffi cient 
local tissue for reconstruction, it may be more prudent to con-
sider urinary diversion than urethral reconstruction, particularly 
when complications of radiation therapy are suspected.

When sphincteric incontinence is present preoperatively, 
we believe that it should be surgically corrected at the time of 
urethral reconstruction. We prefer to construct an autologous 
fascial pubovaginal sling9,10 with an interposed labial fat pad 
fl ap7,9,11,12 between the sling and the reconstructed vesical neck. 
Others have recommended transvaginal bladder neck suspen-
sion,13 but in our experience, this has a failure rate of about 
50%.9 Although it is tempting to use a synthetic sling, we do not 
recommend it because of the possibility of infection or erosion. 
It may be prudent to use allograft or xenograft tissue for the 
sling, but because of lack of long-term follow-up and some early 
failures, we have chosen these kinds of tissue grafts very 
selectively.4,8

There are three general approaches to urethral reconstruction: 
anterior bladder fl aps,13,14 posterior bladder fl aps,15 and vaginal 
wall fl aps.1,7,12,16-18 These techniques appear to be comparable with 
respect to creation of a neo-urethra. However, when the vesical 
neck and proximal urethra are involved, which is usually the case, 
postoperative incontinence rates of about 50% are to be expected 
unless a concomitant anti-incontinence procedure is per-
formed.13-15 We believe that vaginal reconstruction is consider-
ably easier and faster, is much more amenable to concomitant 
anti-incontinence surgery, and is associated with much less mor-
bidity than the bladder fl ap operations.

Timing of Surgery and Preoperative Management

In the past, much controversy surrounded the timing of surgical 
repair. For decades, it had been taught that surgery should be 
delayed for 3 to 6 months or even longer to allow adequate time 
for tissue infl ammation and edema to subside. In our experience, 
surgery can be safely performed as soon as the vaginal wound is 
free of infection and infl ammation and the tissues are reasonably 
pliable.

Principles of Surgical Technique

In women with damaged urethras, the vaginal tissue is often 
scarred, fi brotic, and ischemic. Before surgery, careful examina-
tion of the vagina is necessary to determine the actual extent of 
urethral tissue loss and to assess the availability of local tissue for 
use in the reconstruction. In most instances, there is suffi cient 
tissue in the anterior or lateral vaginal wall that can be mobilized 
and used for the reconstruction.1,7,9,12,13,16-18 Occasionally, it may 
be necessary to use an adjacent labial16,19 or thigh fl ap.20,21 Alter-
natively, an anterior bladder fl ap can be used.13

In patients undergoing urethral reconstruction for urethral 
erosion after synthetic sling placement, attempts should be made 
to remove all synthetic material, including nonabsorbable mesh 
and sutures.2 When infection is absent, bone anchors can be left 
in place because of the diffi culty in retrieving them. However, if 
infection exists, it is advisable and usually straightforward to 
identify and remove bone anchors. The urethra usually can then 
be reconstructed primarily.

After reconstruction of the urethra, it is often advisable to 
interpose a well-vascularized pedicle fl ap over the site of the 
repair. Sources include labial,9,13,22 rectus abdominal,17,23 gracilis,7 
and thigh tissue.20,21 In most patients, nothing more than a labial 
fat pad graft is necessary (Fig. 80-1).

The most important principles of surgical repair include clear 
visualization and exposure of the operative site; creation of a 
tension-free, multilayered closure; an adequate blood supply; and 
adequate bladder drainage. Bladder drainage is best accomplished 
with a suprapubic catheter, which should be placed at the begin-
ning of the procedure to avoid damaging the reconstructed 
urethra. We use a urethral catheter as a stent postoperatively. The 
catheter must be sewn to the anterior abdominal wall in a gentle 
curve to avoid putting tension of the suture line.

Surgical Technique

There are four basic techniques for urethral reconstruction: 
primary closure, laterally based (tube) fl aps, advancement fl aps, 
and labia minora pedicle grafts. The choice of incision depends 
on the local anatomy of the tissue loss and whether a pubovaginal 
sling or other anti-incontinence procedure is planned. If a 
pubovaginal sling is planned, it is best to complete the urethral 
reconstruction fi rst; the sling then is completed. In our prior 
publications on urethral reconstruction, we made the opposite 
recommendation, but in subsequent operations, we encountered 
some instances in which the vaginal dissection for the sling inter-
fered with subsequent incisions for the reconstruction.7,9

Before incising the vaginal wall for passage of the sling, it is 
important to select the site and shape of the initial incisions for 
vaginal reconstruction to be sure that no options are sacrifi ced. 
On several occasions, we inadvertently burned some bridges and 
hope others can learn from our mistakes. If an inverted-U-shaped 
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Figure 80-1 Labial fat pad graft—a Martius fl ap. A, A vertical 
incision is made over the labia majora, and the fat pad is mobilized. 
The initial dissection should begin beneath Scarpa’s fascia. If the 
plane is more superfi cial than that, troublesome bleeding may be 
encountered from thin, wide, fl at veins that are diffi cult to visualize. 
The fat pad is mobilized anteriorly, suture ligated and divided, and 
the end of the suture is left long. B, A tunnel is made underneath 
the vaginal epithelium, and the fat pad is pulled into place with the 
long suture (arrow). C, It is sewn in place over the suture lines of the 
neo-urethra. (Modifi ed from Mattingly RF, Thompson JD: Ch. 27. In 
Mattingly RF, Thompson JD [eds]: TeLinde’s Operative Gynecology, 
6th ed. Philadelphia, JB Lippincott, 1985, p 665.)
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incision is made in the anterior vaginal wall in anticipation of 
advancing it to cover the reconstruction, that tissue can no longer 
be used as an advancement fl ap for urethral reconstruction if 
needed. Accordingly, an inverted-U-shaped incision should be 
made only after it is clear that an advancement fl ap will not be 
necessary. If two parallel incisions are made alongside the 
intended site of the urethra to roll the fl aps into a tube graft, it 
is important to be sure that the distance between the two inci-
sions is suffi cient to allow the fl aps to cover the entire circumfer-
ence of the catheter and that they can be sutured together over 
the catheter without any tension. The tissue lateral to the inci-
sions should not be undermined until it is clear that a laterally 
based fl ap will not be needed to cover the wound.

Primary Closure
If the defect is small and the tissue pliable enough to achieve a 
loose, tension-free closure over a 16-Fr catheter, primary closure 
should be considered (Fig. 80-2). We prefer chromic catgut to 
longer-acting synthetic absorbable sutures for urethral closure 
because the latter often make subsequent voiding or urethral 
instrumentation painful. Only after the repair has been com-
pleted is the decision made about how to cover the wound. In 
some instances, it is possible to elevate laterally based fl aps and 
suture them in the midline over the wound, but when this is not 
possible, a U-shaped or inverted-U-shaped fl ap usually suffi ces. 
If a Martius labial fat pad graft is needed, it is prepared before 

closure of the wound (see Fig. 80-1); if a pubovaginal sling is 
also necessary, the fat pad graft is placed between the sling and 
urethra. The vaginal incision is closed with 2-0 or 3-0 chromic 
catgut (Fig. 80-3).

Advancement Flap
If there is insuffi cient tissue on the anterior vaginal wall at the 
site of the urethra to mobilize lateral fl aps, it may be possible to 
repair the urethra and cover the repair with an advancement fl ap 
from the anterior vaginal wall cranial to the damaged urethra (see 
Fig. 80-3).

Tube Graft
If there is circumferential loss of the urethra and suffi cient vaginal 
wall tissue on the anterior vaginal wall, a tube graft should be 
considered (Fig. 80-4). Parallel incisions are made over the site 
of the neo-urethra, and tissue is loosely rolled into a tube over a 
16-Fr urethral catheter and closed with interrupted sutures of 3-4 
chromic catgut. If there is a urethral fi stula, we prefer to retain 
the remaining bridge of urethral tissue and close the fi stula pri-
marily to preserve local blood supply.

Labia Minora Pedicle Graft
When there is insuffi cient local vaginal wall tissue, a labia minora 
pedicle graft may be possible (Fig. 80-5). An oval incision is made 
in an adjacent hair-free portion of the labia minora as close to 

Figure 80-2 Primary closure of the urethra. A, The fi stula is circumscribed. B, Lateral and cranial vaginal wall fl aps are elevated, but the 
edges of the fi stula are not excised because that would likely comprise the size of the reconstructed urethral lumen. 
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Figure 80-2, cont’d C, The urethra is closed primarily with interrupted sutures of 3-0 or 4-0 chromic catgut, and the vaginal wall is closed 
with lateral fl aps. D and E, If there is insuffi cient mobility of the lateral tissue, an inverted-U-shaped graft of anterior vaginal wall (arrow) 
may be used. (Modifi ed from Blaivas JG: Vaginal fl ap urethral reconstruction: An alternative to the bladder fl ap neo-urethra. J Urol 
141:542-545, 1996.)
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D
Figure 80-3 Advancement fl ap. A, The vertical distance from the planned meatus to the base of the defect should be measured, and a 
U-shaped incision is made so that the apex of the U reaches the site of the new meatus without any tension. B, The U-shaped fl ap is 
mobilized and rotated 180 degrees. Its lateral edges are sutured to the vaginal wall over the catheter for form the neo-urethral tube using 
interrupted sutures of 3-0 or 4-0 chromic catgut. C, An inverted-U-shaped graft of anterior vaginal wall is made so that its tip reaches the 
new meatus without tension. D, The fl ap is undermined, advanced, and sutured in place with 3-0 chromic catgut. If there is insuffi cient 
tissue for this, a full labial graft may be used (see Fig. 80-6). (Modifi ed from O’Conor VJ, Kropp KA: Ch. 13. In Glenn JF, Boyce WH [eds]: 
Urologic Surgery. New York, Hoeber Medical Division, Harper & Row, 1969, p 568.)
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A B

C D
Figure 80-4 Tube graft. A, A bridge of tissue separates the fi stula into two openings. The proximal opening is circumcised, and an inverted-
U-shaped incision is made in the anterior vaginal wall with the apex of the U at the vesical neck, just proximal to fi rst fi stula. B, Full-
thickness vaginal wall fl aps are developed around the fi stula. C, The proximal fi stula is closed with interrupted sutures of 4-0 chromic catgut. 
D, A rectangular incision is made. The horizontal distance should be measured to be sure that it is wide enough to cover a 16-Fr Foley 
catheter. The vertical distance is defi ned by the site of the new urethral meatus. 
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FE
Figure 80-4 E, The lateral edges of the incision are undermined medially and laterally and then rolled over and approximated in the midline 
over the Foley catheter, creating the neo-urethra. If necessary, A vertical incision is made over the labia majora for access to the labial fat 
pad graft. F, The vaginal wall is closed by advancing a U-shaped fl ap, but if this is not possible, any of the other techniques previously 
discussed may be used. (Modifi ed from Blaivas JG: Vaginal fl ap neo-urethra: An alternative to bladder fl ap urethral reconstruction. J Urol 
141:542 -545, 1989.)

the site of the urethra as possible (Fig. 80-6). The size of the inci-
sion should be large enough to roll into a tube around a 16-Fr 
catheter or to be used as a patch graft over the catheter and allow 
loose approximation over the catheter. The incision is deepened 
around labial incision, and a pedicle graft is raised on an anteri-
orly or posteriorly based blood supply. The graft is passed beneath 
the vaginal wall and rotated so that the mucosal surface forms 
the inner wall of the reconstructed urethra. In some patients, it 
is not possible to create a tunnel for passage of the graft because 
of extensive scarring. In this instance, an incision is made in the 
vaginal wall between the site of the new urethra and the graft. It 
is usually possible to elevate fl aps to cover the graft.

Alternative Closures
If it is not possible to close the vaginal incision primarily, there 
are several alternatives. The most straightforward is to create an 
inverted-U-shaped or lateral broad-based fl ap (Fig. 80-2(d&e). If 
that is not feasible, a labia minora pedicle graft may be taken and 
rotated so that the skin is on the outside (Figure 80-5). Alterna-
tively, a modifi cation of the Martius fl ap using full-thickness 
vaginal wall can be used (see Fig. 80-6). Other techniques include 
gracilis myocutaneous, rectus pedicle, and Singapore fl aps (19-

21), but in approximately 100 cases, we have found an alternative 
approach to be necessary only two times.

At the conclusion of the procedure using any technique, the 
Foley catheter is sutured to the anterior abdominal wall with a 
gentle loop to ensure that undue tension is not placed on the 
urethra. Failure to maintain a correct position of the catheter 
may result in necrosis of the urethra.

Postoperative Care

If a Martius fl ap is used, the Penrose drain is removed as soon as 
there is minimal drainage, which usually is on the fi rst or second 
postoperative day. The urethral wound and catheter are checked 
frequently to be sure that there is no tension or pressure on the 
suture line. The urethral catheter is removed as soon as feasible, 
usually within the fi rst 2 to 5 days, but always before discharge 
from the hospital. Voiding cystourethrography is performed 
though the suprapubic catheter at about day 14. If the patient 
voids satisfactorily and there is no extravasation, the suprapubic 
tube is removed. If not, the tube is left in place, and another 
voiding trial is undertaken in about 2 weeks.
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A B
Figure 80-5 Labia minora pedicle graft for creation of a neo-urethra. A, An oval incision is made in the hair-free labia minora, and the 
incision is deepened to include a vascularized pedicle, similar to that obtained for a Marius fl ap, except that the labial skin is left intact. 
A U-shaped incision is made at the site selected for the neo-urethra. B, The pedicle graft is tunneled beneath the vaginal wall, and the 
skin surface of the pedicle fl ap is wrapped around the catheter and sutured to the incisions that were made in the vaginal wall to form 
the neo-urethra. The vaginal and labial wounds are closed primarily.

RESULTS

Because of the rarity of the condition, there have been few studies 
concerning reconstruction of the severely damaged urethra. 
Combining all the series we could fi nd in the English language 
literature, there were fewer than 500 patients. Overall, successful 
anatomic reconstructions were reported in 67% to 100% of 
women (Table 80-1). Most study authors emphasized the need 

for well-vascularized pedicle fl aps to ensure a successful outcome. 
Continence, however, was achieved in only 55% to 92% after a 
single operation, and postoperative urethral obstruction was 
reported in 2% to 17% of patients. In most studies, the criteria 
for incontinence and urethral obstruction were not specifi ed, and 
in view of lack of follow-up, the results cited should be con-
sidered overly optimistic. It does seem evident that an anti-
incontinence procedure should be performed at the same time 

Table 80-1 Reconstruction of Damaged Urethras: Study Results

Study No. of Patients
Continence 

(%)
Cure or Improved 

(%)
Successful Repair 

(%)
Obstruction 

(%)

Rovner and Wein,24 2003  9  75  88  75 13
Tanello et al,16 2002  2 100 100 100 —
Bruce et al,23 2000  6  83 100 100  0
Leng et al,27 1998  4  75  75 100 —
Elkins et al,28 1969  6  10  83  67 17
Elkins et al,11 1990 20  50  55  90 10
Flisser and Blaivas,8 2003 74  87  93  93  1
Gray,1 1968 10  50  50 — —
Hamlin and Nicholson,12 1969 50  80  84  98 12
Morgan et al,29 1978  9  56  89 100 11
Patel et al,30 1980  9 —  78 100  0
Symmonds and Hill,22 1978 20  65  90  85 —
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A B
Figure 80-6 Technique of obtaining a full-thickness labial fi brofatty pedicle graft to cover the reconstructed urethra when there is 
insuffi cient local vaginal wall tissue. A, A U-shaped incision is made in the labia minora large enough to cover the defect. The incision is 
carried down through the labial fat pad (see Fig. 80-1), and the posterior end of the fl ap is suture ligated. B, The vaginal wall is closed 
primarily with running sutures of 3-0 or 400 chromic catgut. (Modifi ed from Mattingly RF, Thompson JD: Ch. 27. In Mattingly RF, 
Thompson JD [eds]:TeLinde’s Operative Gynecology, 6th ed. Philadelphia, JB Lippincott, 1985, p 665.)

as the urethral reconstruction. Failure to do so resulted in incon-
tinence rates ranging from 50% to 84%. The results of many 
series indicated that secondary procedures to correct inconti-
nence were successful in most patients.

The fi rst report of a large series was published in 1969 by 
Hamlin,12 a dedicated pioneer of fi stula repair who worked in 
West Africa. Excellent anatomic repair was achieved in 49 of the 
50 childbirth injuries, but 8 (16%) had severe incontinence, 
and many more had lesser degrees of incontinence. The inconti-
nence was usually cured after a second procedure. Symmonds22 
described 50 women undergoing neo-urethra procedures using 
tubularized vaginal wall. Follow-up ranged from 1 to 15 years, 
and using an independent examiner, he reported that 37 of 50 
patients were dry (i.e., no pads and said they were cured) and 
that 7 of 50 patients considered the operation successful, even 
though they had “some” stress incontinence.

We have operated on more than 100 women with extensive 
anatomic vesical neck and urethral defects; results for 74 have 
been reported.8 The causes of the injury are given in Table 80-2. 
All but one patient underwent a vaginal reconstruction (one 
patient had a Tanagho anterior bladder fl ap that failed). One 
patient with squamous cell carcinoma of the distal third of the 
urethra underwent wide excision and urethral reconstruction 
with adjacent local fl aps. In the remainder, we used a Martius 
fl ap in all except three—one had a successful repair with a gracilis 
fl ap, and two women with childbirth injuries underwent cutane-
ous labial pedicle grafts. One of the latter patients was successful; 
the other failed because of wound necrosis and underwent con-

tinent urinary diversion. A successful anatomic outcome was 
achieved in 93%, and continence was achieved in 87% of patients 
who had preoperative incontinence; no patient developed de 
novo incontinence. Early in our series,7 we did not routinely 
perform concomitant pubovaginal slings, and 50% of the women 
who underwent a modifi ed Pereyra procedure had persistent 
sphincteric incontinence; all were subsequently cured or improved 
by an autologous fascial pubovaginal sling. No patient required 

Table 80-2 Causes of Urethral Pathology

Pathology No. of Patients*

Diverticula or injury from diverticulectomy 28
Urethral injury from prior incontinence 

surgery
18

Anterior colporrhaphy 10
Fistula or erosion associated with synthetic 

material
 5

Fistula from other gynecologic surgery  3
Urethral obstruction from prior surgery  3
Trauma  3
Obstetric injury  2
Ectopic ureter  1
Primary urethral stricture  1
Total 74

*Women who underwent operations because of extensive anatomic 
vesical neck and urethral defects.
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intermittent catheterization except for the patients with anatomic 
failures, who underwent continent urinary diversion. One had a 
previously unrecognized vesicovaginal fi stula.

Rovner and Wein24 recommended that women with large, 
circumferential urethral diverticula undergo complete excision of 
the diverticulum and partial urethrectomy by transecting the 
urethra to gain access to its dorsal wall. Urethral continuity was 
restored by end-to-end urethroplasty or by tubularizing the ante-
rior wall of the diverticulum to construct a neo-urethral segment. 
Autologous fascial slings were used selectively. With only short-
term follow-up, they reported that six of the eight patients were 
dry (i.e., no pads), one was using two or three pads per day, and 
the remaining one reported urgency and the use of one pad each 
day. Complications included one distal fi stula and one stricture.

Tanello and colleagues16 described two women undergoing 
urethral reconstruction using a pedicle skin fl ap from the labia 
minora. They cited a 2-year follow-up and reported that both 
patients were dry. Bruce and coworkers23 described six women 
with multiple previous urethral operations who underwent recon-
struction. The surgical technique used a pedicled rectus abdo-
minis fl ap interposed between the fi stula closure and the vaginal 
suture line. The follow-up period was 23 months. Five of six 
patients were dry and able to void; one had urge incontinence.

Many investigators have reported the results of urethral 
reconstruction after urethral erosion resulting from mid-urethral 
sling placement. Amundesen and colleagues2 described nine 
patients who presented with urethral erosion. All were repaired 
primarily with a multilayered closure, followed by a Martius fl ap 
in two patients. All were repaired adequately, but 66% of patients 
with preoperative urge urinary incontinence or stress urinary 
incontinence had continued incontinence. Others have reported 
results with similar rates of incontinence, prompting some sur-
geons to perform concomitant anti-incontinence procedures 
with interposed vascularized tissue, such as a Martius fl ap.3,4

BLADDER FLAP TECHNIQUES

We believe that bladder fl ap reconstructions are almost never 
necessary in these patients. The single patient in whom we per-
formed this procedure failed because of refractory detrusor insta-
bility. There are two basic techniques: anterior and posterior 
bladder fl aps. The anterior technique is depicted in Figure 80-7. 
More information is available in the original descriptions and the 
excellent work of the late Vincent O’Conor.25

In the latest and most extensive series, Elkins13 and associates 
reported their experience with a Tanagho-like procedure in 20 
West African women with extensive urethral damage after 
obstructed labor. These patients had large vesicovaginal fi stulas, 
and because of extensive scarring, they were not suitable for 
vaginal fl ap techniques. The procedure was performed entirely 
through the vaginal approach. The anterior and lateral fi stula 
edges are dissected sharply away from the pubic bone beneath 
the arch of the pubic ramus, and the retropubic space is entered 
from the vagina. The anterior bladder wall is then dissected free 
of surrounding tissues to the level of the peritoneal refl ection. 
After the anterior bladder is mobilized, a 3 × 3 cm fl ap is raised 
and rolled into a tube over a 16-Fr catheter. The new urethra is 
sutured to the remaining distal urethra or at the site of the 
new meatus. The posterior edges of the vesicovaginal fi stula are 
approximated and "fi xation sutures are placed through the top 
portion of the neo-urethra to reattach the urethra to the base of 

A B

C D

E
Figure 80-7 Technique of performing anterior bladder fl ap 
urethroplasty (i.e., Tanagho procedure). A, An anterior bladder wall 
fl ap is selected, mobilized, and held with suspension sutures. B, The 
urethra is transected at site of fi stula. C, The bladder fl ap is 
tubularized. D, The posterior bladder is closed. E, The neo-urethra 
is sutured to the distal urethra. (Modifi ed from Tanagho EA: 
Bladder neck reconstruction for total urinary incontinence: 10 years 
of experience. J Urol 125:321, 1981.)
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the pubic periosteum." In the last three patients in the series, a 
modifi ed Pereyra procedure was performed instead. A Martius 
fat pad graft was then placed beneath the suture lines. Eighteen 
of the 20 women so treated had a satisfactory anatomic repair of 
the fi stula, but 4 of the 18 had persistent stress incontinence that 
required further surgery. Two others had refractory detrusor 
instability or low bladder compliance.

OTHER TECHNIQUES

Park and Hendren26 reported a series of seven girls with severely 
fi brotic urethras. Urethral reconstruction was accomplished with 
a 2 × 4 cm full-thickness buccal mucosa graft after splitting the 
pubis and excising the fi brotic urethra. Causes of the urethral 
pathology included complications from operations for cloacal 
extrophy and other cloacal malformations. The investigators 
reported that fi ve of seven patients were continent and that two 
were being treated with periurethral bulking agents. After the 
follow-up period of 12 to 58 months (mean, 34.7 months), all 
seven patients were continent, but two required bulbing agents 
for continence.

CONCLUSIONS

Reconstruction of the severely damaged urethra is a technically 
challenging undertaking that requires considerable surgical 
expertise and decision-making. Most women with traumatic 
injuries have suffi cient vaginal tissue for a vaginal fl ap recon-
struction, and we believe that the vaginal approach offers the best 
chance for a successful outcome. However, for those with exten-
sive vaginal scarring that precludes a local tissue repair, bladder 
fl ap techniques or free grafts with or without gaining access by 
splitting the pubis may prove useful. 

The most important principles to keep in mind are clear 
visualization and exposure of the operative site; careful selection 
of the initial vaginal incision to ensure that there is adequate 
blood supply if pedicle fl aps become necessary; removal of 
all foreign material; creation of a tension-free, supple, multilay-
ered closure; an adequate blood supply and soft tissue base with 
a Martius fl ap; a concomitant pubovaginal sling when anti-
incontinence surgery is indicated; adequate bladder drainage; 
and suturing of the urethral catheter to the anterior abdominal 
wall and meticulous attention to catheter care to prevent pressure 
necrosis.
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Chapter 81

VESICOVAGINAL FISTULA: 
VAGINAL APPROACH
Matthew P. Rutman, Larissa V. Rodríguez, 
and Shlomo Raz

Vesicovaginal fi stula (VVF) is one of the most signifi cant and 
distressing complications in female urology and urogynecology. 
A VVF is an abnormal communication between the bladder and 
vagina that results in continuous urine leakage from the vagina. 
VVFs have been recognized and described since ancient times, 
but successful repair was not documented until James Marion 
Sims’ fi rst paper in 1852.1 He used a transvaginal technique to 
perform the repair, including the use of silver wire suture. Many 
principles he described are still applicable. Subsequent modi-
fi cations and advances included the fi rst layered repair by 
Mackenrodt2 and the interposed labial fat graft of Martius3 in the 
late 1920s.

In developing countries, birth trauma remains the most 
common cause of VVF. Prolonged and obstructed labor leads to 
pressure necrosis of the anterior vaginal wall and the underlying 
bladder neck and urethra. In industrialized nations, most fi stulas 
result from complications of gynecologic and other pelvic surgery. 
Regardless of the cause, surgical repair remains the gold standard 
and primary treatment of VVF.

ETIOLOGY

In the United States and other developed nations, VVFs occur as 
a result of surgical trauma, most commonly at the time of 
abdominal or vaginal hysterectomy. Unrecognized suture place-
ment into the bladder during closure of the vaginal cuff results 
in tissue necrosis and subsequent fi stula formation. Excessive 
blunt dissection of the bladder can result in ischemia or an unrec-
ognized tear in the posterior bladder wall. Approximately 75% 
of VVFs are reported to occur after hysterectomy for benign 
disease.4 The incidence of VVF after hysterectomy is between 
0.5% and 1%.5 VVFs also occur after anterior colporrhaphy, sling 
procedures for stress incontinence, cystocele repair, colposus-
pension procedures, and urethral or bladder diverticulectomy. 
Approximately 90% of VVFs in North America result from gyne-
cologic procedures. The other 10% are caused by advanced local 
malignancy (i.e., cervical, vaginal, and endometrial), radiation 
therapy, infl ammatory bowel disease, foreign bodies, and infec-
tious processes of the urinary tract.

PREVENTION

Recognizing that most VVFs are iatrogenic, it is paramount that 
the treating surgeon takes the necessary precautions to prevent 
their occurrence. Risk factors reported for fi stula development 

include prior cesarean section, endometriosis, previous cervical 
conization, and radiation treatment.6 The bladder is most often 
injured during the dissection of the posterior bladder wall from 
the anterior surface of the uterus at the level of the vaginal cuff 
during abdominal hysterectomy. Placement of an indwelling 
Foley catheter and meticulous sharp dissection can minimize 
inadvertent injury. Iatrogenic injuries can be unavoidable in dif-
fi cult reoperations and in patients with dense adhesions that 
obliterate normal surgical planes. Careful attention should be 
paid to diagnose and repair the injury intraoperatively. Filling the 
Foley catheter with methylene blue dye to check for leakage is a 
simple and effective method of checking bladder integrity. If a 
bladder injury is recognized, two-layer repair is required after 
adequate exposure is provided. A drain should be placed. The 
catheter should be left in longer than the usual 1 or 2 days after 
hysterectomy. An interposition fl ap can provide an additional 
layer of coverage.

DIAGNOSIS

History

Patients typically present with continuous urinary drainage (day 
and night) from the vagina after gynecologic or pelvic surgery. 
Any patient with urinary incontinence immediately after pelvic 
surgery should be evaluated to rule out a VVF. The fi stula may 
manifest immediately postoperatively, but it often becomes clini-
cally apparent days to weeks later. Ureterovaginal fi stulas tend to 
manifest later than VVFs. Ten percent of patients with a VVF 
have an associated ureterovaginal fi stula.7 Early in the postopera-
tive course, patients may present with fevers, abdominal pain, 
hematuria, ileus, and lower urinary tract symptoms.

Patients with VVF related to prior radiation therapy may 
present 6 months to 20 years later.8 Fluid draining from the 
vagina may be urine, lymph, peritoneal fl uid, fallopian tube fl uid, 
or vaginal secretions. Important considerations in the differential 
diagnosis of VVF include urethrovaginal fi stula, ureterovaginal 
fi stula, ectopic ureter, peritoneal fl uid drainage, and vaginal cuff 
infection.

Diagnostic Tests

To confi rm that the leaking fl uid from the vagina is urine, the 
fl uid can be sent for creatinine analysis. Elevated levels (relative 
to serum) establish the diagnosis of a communication between 
the vagina and urinary tract. Physical examination is paramount 
in the evaluation of a woman with a suspected fi stula. The 

794
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diameter, depth, mobility, and mucosa of the vagina must all be 
assessed. Concomitant prolapse, urethral hypermobility, and 
stress incontinence should also be evaluated. Vaginal examina-
tion with a speculum can isolate the point of leakage. The most 
common location for VVF (after a hysterectomy) is at the level 
of the vaginal cuff. Pooling of urine at the apex and the fornices 
is commonly seen. Surrounding vaginal mucosa may appear 
edematous and erythematous, making it diffi cult to identify the 
opening. Placing a Foley catheter into the bladder can assist by 
visualizing the balloon. If all of these measures fail to identify a 
fi stula, dye tests can be used for confi rmation. Instilling methy-
lene blue dye through the Foley catheter, with concomitant 
inspection of the vagina for leakage of blue fl uid, can help identify 
a VVF. Requesting the patient to ambulate with a vaginal pack 
in place may stain the packing blue. If a VVF is still not identifi ed, 
the patient should be given oral phenazopyridine, which stains 
the urine orange. The vagina is then packed, and orange staining 
confi rms a fi stula. A positive phenazopyridine test result with a 
negative methylene blue test result strongly suggests a uretero-
vaginal fi stula.

All patients with a diagnosis of a urinary fi stula should undergo 
upper tract evaluation and cystoscopy. Upper tract evaluation 
can be done with intravenous pyelography (IVU) or retrograde 
pyelography. Ureteral involvement can be demonstrated by 
hydronephrosis or extravasation on IVU, although the ipsilateral 
kidney can appear normal with prompt drainage. Retrograde 
pyelography remains the most sensitive test to evaluate ureteral 
involvement in the presence or absence of a VVF. Cystoscopy 
should identify the location and size of the fi stula and determine 
its relation to the ureteral orifi ces. It is important to ascertain that 
there is adequate bladder capacity and to rule out foreign body 
as the source of the fi stula. Surveillance for multiple fi stulas is 
imperative, because this fi nding would alter operative repair. 
Patients with a radiation- or malignancy-associated fi stula must 
undergo biopsy of the site before repair. A voiding cystourethro-
gram (VCUG) can help identify the presence and location of a 
fi stula. Coexisting vesicoureteral refl ux, urethral diverticulum, 
stress incontinence, and cystocele can also be identifi ed, which 
may alter the surgical plan. VCUG can help elucidate fi stulas 
involving the rectum or uterus, and vaginoscopy can assist in 
identifying the vaginal communication.

TREATMENT

Conservative Management

Small VVFs may close spontaneously with continuous Foley 
catheter drainage (up to 10% of cases). This has usually been 
attempted by the time patients have sought consultation with a 
specialist. Three weeks of drainage is a reasonable option if the 
fi stula is discovered early in the postoperative period. Mature 
fi stula tracts are unlikely to resolve with this technique. Pro-
longed catheter drainage requires coverage with antibiotics.

Another conservative treatment option includes fulgurating 
the lining of the fi stula tract. This should not be attempted with 
large fi stulous tracts. Stovsky and colleagues9 reported closure in 
11 of 17 patients with fulguration of fi stulas less than 3 mm long 
and with 2 weeks of catheter drainage. Reports have shown 
success with fi brin therapy in treating small VVFs.10 Most con-
servative measures ultimately fail in the attempt to cure VVFs. 
For larger, complex, and radiation-induced fi stulas, there is no 

role for conservative treatment, and formal repair remains the 
gold standard.

Operative Management

Preoperative Considerations
Before formal repair of a VVF, many factors must be considered 
to optimize the chances of a successful repair. Historically, most 
surgeons advocated waiting 3 to 6 months before surgical repair 
to allow the fi stula to completely mature.11,12 They theorized that 
this allowed maximal healing during the post-hysterectomy 
infl ammatory stage. However, patients with VVFs experience 
enormous social, physical, and psychological stress during this 
period that greatly hinders their quality of life. Contemporary 
surgeons have reported excellent results with early repair, and the 
strategy avoided patients’ distress throughout a waiting period.13,14 
Typically, early transvaginal repair is performed 2 to 3 weeks after 
the time of injury. This is most commonly done in women with 
fi stulas that form after hysterectomy using an abdominal 
approach. Patients with vaginal cuff infections or pelvic abscesses 
must be treated long-term with antibiotics before any repair 
attempt. Patients with previously failed repairs or radiation-
related fi stulas are not candidates for early intervention. They 
should wait a minimum of several months before repair. VVFs 
after traumatic delivery are ischemic in origin and require a 
longer period of conservative management.

The most appropriate approach to formal surgical repair of a 
VVF is the one most familiar to the surgeon. The choice between 
an abdominal or vaginal approach depends on the surgeon’s 
experience, training, and comfort level with the procedure. The 
highest success rates are associated with the fi rst operation, 
regardless of the approach. Traditionally, the fi stula’s location 
dictated the surgical approach. Infratrigonal and bladder neck 
fi stulas were repaired vaginally, whereas supratrigonal fi stulas 
were repaired transabdominally. Even complex high VVFs can be 
repaired using a transvaginal approach with adherence to good 
surgical technique and tissue interposition. The advantage of an 
abdominal approach is the ability to perform simultaneous pro-
cedures for coexisting intra-abdominal pathology, including aug-
mentation cystoplasty, ureteral reimplantation, and repair of 
bowel fi stulas. The vaginal approach avoids an abdominal inci-
sion and possible bladder bivalving. It is associated with decreased 
morbidity, shorter hospital stay, and quicker patient convales-
cence. We use the transvaginal approach for most VVFs.

Many principles are integral to fi stula repair, regardless of the 
approach chosen. Excellent exposure with watertight, tension-
free closure using multiple, nonoverlapping sutures lines provide 
an approximately 90% chance of cure on the fi rst attempt. Con-
tinuous catheter drainage postoperatively is mandatory. Inter-
positional grafts optimize the chance for cure if the integrity of 
the repair is in question.

Preoperative preparation includes prescribing antibiotics to 
clear any infection and provide a sterile environment for repair. 
Urine culture should document absence of infection before 
surgery. Broad-spectrum, intravenous antibiotics are provided 
preoperatively. Preoperative estrogen-containing vaginal cream 
is used in the postmenopausal or post-hysterectomy patient to 
improve the quality of the vaginal tissues.

Traditional repair of VVF included excision of the tract to 
provide clean and vascular edges. This was thought to increase 
chances for cure. Raz and associates15,16 demonstrated excellent 
results without excising the fi stulous tract with no adverse effects. 
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Excising the fi stula enlarges the tract, and it may cause iatrogenic 
bleeding, requiring hemostatic measures that may inhibit healing. 
Excising fi stulous tracts located near the ureteral orifi ces may 
require ureteral reimplantation.

Before surgical repair, the surgeon should be familiar with 
several techniques for interposition of tissue. Although these 
grafts are often necessary in large, complex, post-radiation, and 
failed primary repairs, it is diffi cult to accurately predict which 
fi stulas will require the additional layer of coverage to avoid a 
tenuous repair.

Preoperative evaluation should attempt to identify patients 
who have coexisting stress urinary incontinence. Simultaneous 
sling procedure or bladder neck suspension can be performed, 
avoiding the need for a second procedure. Concomitant repair 
for stress incontinence does not increase the fi stula recurrence 
rate.17 It is also important to consider the sexual function of the 
patient and ensure preservation of vaginal depth in the sexually 
active patient. This can require rotational fl aps in patients with 
large fi stulas and vaginal stenosis. Local estrogen replacement 
should be used in patients with vaginal atrophy.

Vaginal Technique
We routinely repair VVFs by means of a vaginal approach and 
describe the technique for transvaginal repair of VVFs. The 
surgery is performed on an outpatient basis and avoids the mor-
bidity of a laparotomy.

Step 1 is patient preparation. The patient is placed in the low 
lithotomy position and prepped in standard fashion. A headlight 
provides excellent visualization for the surgeon. Cystoscopy with 
ureteral catheterization is done when the fi stula is located near 
the trigone and the ureteral orifi ces. A curved Lowsley retractor 
aids in placement of a 16-Fr suprapubic catheter through a small 
suprapubic incision. A posterolateral episiotomy (i.e., relaxing 
incision) may be necessary in a patient with a narrow vagina. The 
labia minora are sutured apart, and a ring retractor is positioned 
for optimal exposure. A urethral catheter is placed to ensure 
maximal urinary drainage. An Allis clamp is used to elevate the 
anterior vaginal wall, and a weighted speculum is placed 
posteriorly.

Step 2 is isolation of fi stula. The fi stulous tract is identifi ed 
and catheterized with an 8- or 10-Fr Foley catheter. This aids 
retraction throughout the dissection. Metal sounds may be 
necessary to dilate the tract before catheter placement. An 
inverted-J incision is made with care taken to circumscribe 
the fi stulous tract (Fig. 81-1). The long end of the J should 
extend to the apex of the vagina, which facilitates rotation and 
advancement of a posterior fl ap at the later stages of the proce-
dure. Fistulas located high in the vaginal cuff may require an 
inverted incision, with the base of the fl ap facing the urethral 
meatus.

Step 3 is the creation of fl aps. Anteriorly and posteriorly 
based vaginal fl aps are dissected on each side of the fi stulous tract, 
starting with healthy tissue located away from the fi stula itself 
(Fig. 81-2). This usually provides a healthy plane of dissection 
and helps prevent enlargement of the fi stulous tract or inadver-
tent bladder perforation. The ring of vaginal tissue at the opening 
of the fi stula is left intact. The fl aps should be developed at least 
2 to 4 cm away from the fi stulous tract, exposing the underlying 
perivesical fascia. The fl aps are then retracted with the hooks of 
the ring retractor. Lateral dissection of the vaginal wall 2 to 4 cm 
from the fi stulous tract allows complete exposure of the perivesi-
cal fascia.

Step 4 is closure of the fi stula. The standard VVF repair is done 
in three layers. The fi rst layer closes the epithelialized edges of the 
fi stula tract and a few millimeters of the surrounding tissue 
(including bladder wall) with interrupted, absorbable, 2-0 sutures 
(Vicryl or Dexon) in a transverse fashion (Fig. 81-3). The fi stula 
catheter is removed, and the sutures are secured, closing the fi s-
tulous tract. The second layer of the repair incorporates the peri-
vesical fascia and deep muscular bladder wall using the same 
suture material (Fig. 81-4). The sutures are placed at least 1 cm 
from the prior suture line and secured in a tension-free fashion. 
The sutures are placed in a line 90 degrees from the fi rst suture 

Figure 81-1 Inverted-J-shaped incision around the fi stulous tract. 
(From Raz S, Little NA, Juma S: Female urology. In Walsh PC, Retik 
AB, Stamey TA, Vaughan ED Jr [eds]: Campbell’s Urology, 6th ed. 
Philadelphia, WB Saunders, 1992, pp 2782-2828.)

Figure 81-2 Development of vaginal fl aps.
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layer to minimize overlapping suture lines. The second layer of 
sutures completely covers the fi rst layer of closure. The bladder 
is fi lled with indigo carmine diluted in saline to ensure repair 
integrity.

Step 5 is completion of the operation. In a standard VVF 
repair (without interposition), the procedure is completed. The 
previously raised posterior fl ap is rotated beyond the fi stula 
closure site by at least 3 cm. The excess vaginal fl ap tissue is 

excised. The vaginal wall is closed using a running, locking, 
absorbable, 3-0 suture (Vicryl or Dexon). This covers the tract 
with healthy vaginal tissue and provides a third layer of closure 
with no overlapping suture lines. (Fig. 81-5) An antibiotic-
impregnated vaginal pack is placed, and the urethral and supra-
pubic catheters are left to dependent drainage.

Most cases of uncomplicated VVF require only a three-layer, 
tension-free repair. Complicating factors that mandate additional 
protection include prior irradiation, failed prior surgery, and 
poor tissue quality. These conditions require tissue interposition. 
In most cases of high VVF after hysterectomy, we perform the 
interposition of a peritoneal fl ap between the fi rst two layers of 
fi stula closure and the advancement of the vaginal wall fl ap. The 
tissue is readily available, requires minimal additional dissection, 
and creates a more secure closure of the fi stulous tract.

Other Techniques
The abdominal approach is beyond the objectives of this chapter. 
We use the abdominal approach only in selected patients requir-
ing concomitant abdominal procedures such as augmentation 
cystoplasty or ureteral reimplantation.

The Latzko operation, originally described in 1942, uses partial 
colpocleisis to treat the VVF.18 The operation consists of denude-
ment of the vaginal wall around the fi stula without excising 
the fi stulous tract. A separate layered closure is performed that 
includes the bladder, fi stula, and vagina. A major concern with 
this procedure is vaginal shortening. However, success rates of 
93% and 95% have been reported in two series of 43 and 20 
patients, respectively, with no signifi cant patient-reported vaginal 
shortening or sexual dysfunction.19,20 Many gynecologists still 
use this technique because of its technical ease and minimal 
morbidity.

Transurethral suture cystorrhaphy without fi stula tract exci-
sion has been described as a minimally invasive alternative for 
smaller fi stulas (5 to 8 mm) located away from the ureteral ori-
fi ces. The technique requires fulguration of the tract and sur-
rounding bladder mucosa before combined transurethral and 
abdominal endoscopic suture placement. A minimum 2- to 3-

Figure 81-3 First layer of repair: transverse closure of a fi stulous 
tract without excision.

Figure 81-4 Second layer of repair: imbricated fi rst layer with 
perivesical fascia.

Figure 81-5 Third layer of repair: vaginal fl ap advancement.
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week period of bladder drainage is required. Eight (73%) of 11 
patients treated with this technique were cured.21

With the recent upsurge in minimally invasive surgery, VVF 
repair also has been done laparoscopically.22 The approach was 
fi rst described in 1994 and has since undergone various modifi ca-
tions, including use of endostaplers, omental interposition, and 
layered closure.23

Management of Complex Fistulas

Complex VVFs include those associated with prior irradiation or 
malignancy, recurrent fi stulas, fi stulas of large size (>3 cm), fi s-
tulas involving the bladder neck and trigone, and those associated 
with poor tissue quality or diffi cult closure. In these cases, the 
standard transvaginal repair must be modifi ed. Many techniques 
of tissue interposition have been described. These provide an 
additional layer of closure and enhance the quality of the recon-
structive repair.

Radiation-Induced Fistulas
Radiation-induced VVFs require special consideration. The site 
of fi stula formation is typically in the trigone region; it is in a 
relatively fi xed position and radiation effects are more likely. 
Between 1% and 5% of patients treated for cervical or uterine 
carcinoma develop radiation-induced fi stulas. The fi stulas most 
commonly manifest in a delayed fashion, sometimes 15 to 20 
years later.15 Fistulas associated with prior irradiation should 
always be biopsied to rule out recurrence of the primary 
malignancy.

Radiation-induced fi stulas result from obliterative endarteri-
tis in the irradiated fi eld.24 The injury compromises healing. The 
surrounding tissues are also affected by the endarteritis, compli-
cating an already diffi cult repair. Video urodynamics and cystos-
copy are mandatory before surgery. They allow assessment of 
bladder capacity and compliance. With adequate capacity and 
compliance, transvaginal repair is performed with modifi cations, 
including tissue interposition and prolonged postoperative cath-
eter drainage. If the bladder has poor compliance and small 
capacity, augmentation cystoplasty is required, and an abdomi-
nal approach is taken. Careful inspection of the bowel is neces-
sary to ensure use of a nonirradiated segment for the 
augmentation.

Martius Graft
The Martius graft (i.e., fi brofatty labial fl ap) was fi rst described 
in 1928.3 This technique is commonly used in pelvic and perineal 
reconstructive surgery, and it has great utility in treating VVF, 
rectovaginal fi stula, and urethrovaginal fi stula and in urethral 
reconstruction. It has high reported success rates in complex 
fi stula repair25 and is a convenient source of interposition in 
transvaginal repair. We use a Martius fl ap in cases of trigonal or 
urethral fi stula. For fi stula located high in the vaginal vault (after 
hysterectomy), the peritoneum is our preferred source of tissue 
interposition in these cases.

The Martius graft is a long band of adipose tissue from the 
labia majora. It has excellent strength and vascularity. The blood 
supply is threefold. Branches of the external pudendal artery 
supply the graft superiorly and anteriorly. Obturator branches 
enter the graft at its lateral border. The inferior labial artery and 
vein supply the graft inferiorly. The graft may be mobilized supe-
riorly or inferiorly, depending on the desired location of 
transfer.

The fi rst two layers of the fi stula are closed as described earlier. 
The vaginal fl aps are left intact, and the labial retraction suture 
is removed. A vertical incision is then made over the labia majora, 
and the subcutaneous tissues are dissected laterally to the lateral 
border of the dissection, the labiocrural fold. The fl ap is then 
dissected posteriorly to the Colles fascia and medially to the labia 
minora and bulbocavernosus muscle. The main vascular supply 
is at the base, and the entire thickness of the fat pad is carefully 
encircled by a Penrose drain. The superior and anterior segment 
of the graft is clamped, transected, and suture ligated. The 
remaining dissection is completed, freeing the fl ap, except at its 
base (Fig. 81-6A). A tunnel is then made between the perivaginal 
tissues and vaginal wall. The graft is then passed from the labial 
area to the vaginal area (through the tunnel) with the aid of a 
hemostat (see Fig. 81-6B). The Martius graft is placed over the 
fi stula site and secured with interrupted, absorbable suture in a 
tension-free fashion. The vaginal fl ap is advanced and closed as 
previously described, providing a fourth layer of closure. A light 
pressure dressing may be applied, and ice packs are routinely 
applied. Eilber and colleagues26 reported a 97% cure rate with 
transvaginal repair using Martius graft interposition in 34 patients 
with complex fi stulas.

We have performed an in situ technique for the creation of a 
Martius fl ap, avoiding a labial incision. After the creation of the 
vaginal fl aps in the distal vagina, we dissect a tunnel under the 
vaginal wall in the direction of the fi brofatty tissue in the labia. 
The medial and lateral segments of the Martius fl aps are isolated 
using a Penrose drain, the upper segment of the Martius fl ap is 
dissected free, and the fl ap is mobilized and transferred to cover 
the fi stula closure.

Peritoneal Flap
We use a peritoneal fl ap in the repair of high fi stulas located at 
the vaginal vault, which are seen most commonly after hysterec-
tomy. Extending a Martius graft to this location may be diffi cult 
and inadvertently result in vaginal shortening. A peritoneal fl ap 
is an easily available, well-vascularized tissue that can be har-
vested without the morbidity of a second incision.

The fi stula repair begins as described in the fi rst three steps 
of the transvaginal technique. The fi stula is circumscribed, and 
vaginal fl aps are prepared. A catheter in the fi stula can help in 
dissection of the fl ap. Sharp dissection is used to expose the 
peritoneum and preperitoneal fat. The fi stulous tract is then 
closed in two layers, as previously described. The preperitoneal 
fat and peritoneum are advanced to cover the fi stula repair 
and secured to the perivesical fascia with tension-free, inter-
rupted sutures. The vaginal fl ap is then advanced and closed. 
Raz and coworkers27 reported a 91% success rate in their initial 
experience using a peritoneal fl ap in 11 patients with VVFs. Eilber 
and associates26 reported a 96% cure rate using a peritoneal 
fl ap in 83 patients who underwent complex fi stula repair. This 
approach has high success rates, minimal morbidity, and out-
comes similar to those of a Martius graft but without a second 
incision.

Omental Interposition
Omental interposition is primarily used in the abdominal 
approach for fi stula repair, although it can be accessed 
transvaginally in women who have had previous procedures. 
This technique results in an omental graft that can be placed 
between the bladder and vagina for an additional layer of 
protection.
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Rotational Full-Thickness Labial Flap
In selected complex cases with loss of the vaginal wall, insuffi cient 
vaginal epithelium may preclude primary vaginal closure. A full-
thickness labial fl ap can be rotated to substitute for the missing 
vaginal wall. The advantage of this fl ap is that combines the use 
of the fi brofatty tissue of the Martius with a well-vascularized 
skin fl ap to cover the defi cient or absent vaginal wall. The fi stula 
is closed as previously described, and the vascularized fl ap is 
rotated to provide full-thickness skin coverage.

After closure of the fi stula, a U-shaped incision is made over 
the labia, including the lateral labial skin and underlying tissue. 
The apex of the fl ap is created at the level of the posterior four-
chette and the base at the upper segment of the labia majora. The 
fl ap is dissected from the fascia overlying the pubic bone and then 
rotated to cover the repair. After closure of the fi stula, the fatty 
tissue covers the fi stula closure, and the skin of the labia is sutured 
to the edge of the vaginal fl aps. Interrupted, absorbable sutures 
are used to secure the edges in place.28 Small series have reported 
excellent results. Carr and Webster29 reported excellent outcomes 
for four patients. Postoperative complications include sensory 
defi cit at the harvest site, poor cosmetic result, wound infection, 
and fl ap sloughing.

Gluteal Skin Flap
Gluteal skin fl aps are used predominantly in patients with 
radiation-induced fi stulas or severe vaginal wall atrophy with 
no other viable skin source. In cases of severe radiation-
induced fi stula, the vaginal canal is very narrow, and access to 
the fi stulous tract can be extremely diffi cult. Before the repair, 
a lateral episiotomy, starting at the posterior fourchette (5- or 
7-o’clock) is performed and extended toward the vaginal cuff. 
The fi rst two layers of the fi stula are closed, and the vaginal 
fl aps are raised as previously described. The edges of the vaginal 
wall incision are dissected laterally to widen the vaginal canal 
and make room for the fl ap interposition. From the end of 
the episiotomy incision, the incision is continued in an inverted-
U-shaped fashion toward the gluteal area. The skin is then 
undermined, and the fl ap is rotated and advanced into the 
vaginal canal to cover the fi stula. The fl ap contains skin and 
fatty tissue and is broad based. The fl ap is secured with inter-
rupted, absorbable sutures, and the vaginal fl aps are secured to 
the skin fl ap edges.30 Complications include wound infection, 
sloughing of the fl ap, and injury to the anal sphincter.31 Meticu-
lous surgical technique is mandatory to avoid the sphincter 
injury.

BA
Figure 81-6 A, Mobilization of a Martius fl ap based on an inferior pedicle. B, Transfer of a Martius fl ap to cover a fi stula repair (B, from Raz 
S: Atlas of Transvaginal Surgery. Philadelphia, WB Saunders, 1992.)
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Myocutaneous Gracilis Flap
The gracilis muscle–based myocutaneous fl ap is frequently 
described in association with repair of radiation-induced VVFs 
in patients with vaginal atrophy or absence. The gracilis muscle 
is a long, slender muscle hat extends from the inferior pubic 
symphysis to the medial condyle of the femur. It is an accessory 
muscle (used for thigh adduction and knee fl exion), and it can 
be sacrifi ced with no loss in function. It sits between the adductor 
magnus medially and the adductor longus laterally. The blood 
supply is derived from the medial femoral circumfl ex artery, a 
branch of the deep femoral artery.

The fl ap is harvested with a tennis racquet incision on the 
medial aspect of the thigh over the gracilis muscle. It begins 
around 10 cm below the pubic tubercle and extends 20 cm toward 
the knee. The skin and underlying muscle are mobilized, and care 
is taken to preserve the vascular supply. The gracilis is transected 
at its distal insertion. A tunnel is then created underneath the 
medial aspect of the thigh and labia, and the fl ap is transferred 
to the vaginal area, providing additional coverage of the fi stula 
tract and reconstruction of the vaginal canal. This can result in 
considerable cosmetic scarring, but there is no functional 
defect.

INTRAOPERATIVE COMPLICATIONS

Bleeding and ureteral injury represent the two major intraopera-
tive complications. Hemostasis is critical throughout the dissec-
tion and can be controlled with fi ne, absorbable sutures. 
Electrocautery should be avoided to preserve the vascularity of 
the tissues and promote healing. Lack of excellent hemostasis can 
lead to hematoma formation and possible disruption of the 
fi stula repair.

Ureteral catheterization is recommended for fi stulas close to 
the trigone because of the higher risk of iatrogenic ureteral injury. 
Fistulas located elsewhere do not usually require this maneuver. 
If there is any concern about ureteral violation, cystoscopy is 
performed after intravenous indigo carmine is administered. 
Ureteral catheterization can be done if any question remains 
about ureteral patency.

POSTOPERATIVE MANAGEMENT

The vagina is packed with an antibiotic-impregnated gauze, 
which is left in place for several hours. Surgery is mostly per-
formed on an outpatient basis. The suprapubic and Foley cathe-
ters (joined to a Y connector) are left to dependent drainage, 
typically for 3 weeks. Anticholinergics are given to minimize 
bladder spasm and increase the patient’s comfort. An oral cepha-
losporin or quinolone is continued until the catheters are 
removed. Patients are instructed to resume normal activity except 
for strenuous exercise. Sexual intercourse is prohibited for 12 
weeks. The urethral catheter is removed 3 weeks after surgery, 
and a suprapubic cystogram is performed. If the cystogram 

demonstrates no extravasation, the suprapubic catheter is 
removed.

OUTCOMES

Many factors must be considered when assessing patient out-
comes. Morbidity, patient satisfaction, and cure rate are critical 
factors in determining the best approach and the likelihood of 
success. There have been no prospective, randomized studies 
comparing vaginal and abdominal approaches in VVF repair. 
Many series have shown success rates of 90% to 100% with both 
approaches.15,32-34 The best approach remains the one with which 
the surgeon has the most expertise and comfort, giving the patient 
the best chance at cure with the fi rst repair.

POSTOPERATIVE COMPLICATIONS

Early Complications

Vaginal bleeding, bladder spasms, and vaginal infection must be 
treated aggressively and immediately to prevent fi stula recur-
rence. Secondary vaginal bleeding is treated with repacking and 
bed rest. Prophylactic anticholinergics should minimize bladder 
spasms. Belladonna and opium suppositories (e.g., B & O Sup-
prettes) can be used if required. Perioperative antibiotics are 
continued in the postoperative period to prevent vaginal 
infections.

Delayed Complications

The most important delayed complication is fi stula recurrence. 
Others include vaginal shortening, vaginal stenosis, and unrec-
ognized ureteral injury. Tension-free, multilayered closure with 
tissue interposition (as needed) results in a greater than 95% 
success rate. If the fi stula recurs, a second vaginal repair may be 
performed with a Martius graft or peritoneal fl ap. A minimum 
waiting period of 3 months after the previous repair allows for 
resolution of postoperative infl ammation. Avoiding excessive 
resection of the vaginal wall minimizes the odds of signifi cant 
shortening and stenosis. Secondary vaginoplasty is required in 
selected cases. Unrecognized ureteral injury manifests more com-
monly as an obstruction process than a leak. An antegrade 
approach with percutaneous nephrostomy is preferred to a 
retrograde procedure because of the possible disruption of the 
repair by a transurethral approach.

CONCLUSIONS

VVF remains a signifi cant source of morbidity after gynecologic 
and pelvic surgery. Transvaginal VVF repair is an outpatient 
procedure associated with minimal morbidity, short convales-
cence times, and high cure rates. It is our preferred method of 
repair unless concomitant abdominal surgery is required.
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Chapter 82

ABDOMINAL APPROACH FOR THE 
TREATMENT OF VESICOVAGINAL FISTULA
Mariangela Mancini and Walter Artibani

An abdominal approach can be used to repair a vesicovaginal 
fi stula (VVF). A VVF, an abnormal communication between the 
bladder and the vagina, is located outside the abdomen. The peri-
toneum refl ects over the bladder dome anteriorly and the lower 
third of the uterus posteriorly (Fig. 82-1). The lamina of connective 
tissue interposed between the bladder and the vagina, whose 
destruction is associated with the formation of the VVF (Fig. 82-2), 
is found well outside the abdominal cavity. From an anatomic 
perspective, it appears to be more intuitive and, indeed, to reach a 
VVF through the vaginal route instead of through the abdomen, 
specifi c technique for VVF repair originally was mastered by the 
vaginal approach. Nevertheless, the abdominal approach for treat-
ment of the VVF has its own indications and can offer specifi c 
advantages over the vaginal route. The history of the development 
of this surgical technique can help us understand the part that the 
abdominal approach plays in VVF surgery.

HISTORY

The fi rst surgeons who tried to correct a VVF did so through the 
vaginal approach. In 1663, Hendrik van Roonhuyse recom-
mended transvaginal repair with the patient in the lithotomy 
position. Stiff swan quills were passed to the edges of the wound, 
and the bladder and surrounding tissues were widely mobilized. 
Van Roonhuyse’s book was published in 1676.1

The fi rst two successful cases treated with this technique were 
reported by Johann Fatio in 1675.2 Despite these preliminary and 
isolated successful experiences, the presence of a VVF was com-
monly considered an incurable situation in the years that fol-
lowed. An important innovation was introduced by Antoine 
Jobert the Lamballe in 1834, when he performed his fi rst opera-
tion of transvaginal closure of a VVF by resection of the margins 
and coverage of the loss of substance with a cutaneous autograft 
obtained from the labia or the internal face of the thigh.3 The fi rst 
operation was unsuccessful because of necrosis of the graft, but 
the patient was successfully cured on the second attempt with the 
same technique. Further developing the technique, Jobert pio-
neered later a method of tissue mobilization that widely detached 
the bladder from the vagina, which he called vesicovaginal auto-
plasty (autoplastie vesico-vaginale par glissement). He used this 
approach to avoid traction on the margins before suturing the 
edges of the fi stula, and thereby obtained several successes in 
diffi cult VVF cases.4

In 1839, George Hayward5 reported the fi rst cure of a VVF in 
the United States. He underscored the importance of accurate 
dissection of the vagina from the bladder before closing the fi stula 
with stitches and pioneered the fl ap-splitting technique.5 In 1852, 
James Marion Sims6 published his fi rst report of successful 
primary repair of a VVF, which was again performed transvagi-
nally. This interesting paper has been recently republished in the 
medical literature.6 The correct surgical technique, the use of a 
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Figure 82-1 Sagittal section of the female lower abdomen and 
pelvis. The peritoneum (bold line) lines the fl oor of the abdominal 
cavity, leaving the vagina and posterior face of the bladder 
below it.

Figure 82-2 Female pelvic organs with their subperitoneal sheaths. 
The connective pillow layer interposed between the vagina and the 
bladder and urethra is indicated by cross-hatching. Damage to this 
tissue is associated with the formation of a vesicovaginal fi stula.
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new speculum designed by him, the search for the optimal patient 
position for exploration of the vagina, and an understanding of 
the importance of postoperative bladder drainage led to a high 
success rate for VVF treatment through the vaginal route and to 
international popularity for Sims.

This brief historical review shows that the basic principles 
stated by Sims and his predecessors for correct fi stula treatment 
are still valid and that few modifi cations have been made by the 
surgeons who followed.7 However, in 1868, Thomas Addis 
Emmet, who succeeded Sims as chief surgeon of the Woman’s 
Hospital in New York, described some cases in which extensive 
scarring of the vagina and proximal location of the fi stula com-
promised optimal access during transvaginal repair, indicating 
the need for higher access in these situations.8,9 Some years later, 
the abdominal approach for the treatment of VVF was intro-
duced. The suprapubic transperitoneal-transvesical route was 
fi rst described by Friedrich Trendelenburg in 1881,10 and in 1893, 
Von Dittel introduced the approach extraperitoned suprabubic 
for access to the VVF route.11 In 1902, Howard Kelly recom-
mended a transperitoneal approach in the treatment of VVFs 
formed after hysterectomy that were too high in the bladder to 
be safely reached transvaginally.12 In 1914, Legueu13 described in 
more detail the transperitoneal-transvesical approach.13 To 
improve the chance of success in the most diffi cult cases, the 
omental graft technique was introduced by Hiltebrant in 1929 
and further developed by Bastiaanse in the attempt to cure the 
challenging cases of postirradiation fi stulas.14

In 1951, O’Conor and Sokol15 described the complete range 
of possible procedures for successful treatment of VVFs, from 
conservative measures to vaginal or suprapubic closure to urinary 
diversion.15 They emphasized the importance of careful selection 
of patients for each procedure. In some patients who had endured 
repeated previous failures, the fi stulous opening was too high and 
too far from the bladder fl oor and the vagina too scarred to allow 
a vaginal approach. In these cases, a suprapubic procedure, pref-
erably extraperitoneal, was described with bisection of the bladder 
down to the fi stula opening and wide mobilization of the bladder 
from the vagina. A transperitoneal approach was selected when 
exposure was diffi cult because of previous operations, a history 
of cancer, or when the omentum needed to be used. With proper 
application of this technique, many successes were reported by 
O’Conor16,17 in the following years. However, the suprapubic 
approach was not used by O’Conor17 in 35% of his cases, for 
which a less invasive procedure was chosen.

This information underscores the importance of case selec-
tion. With the many possibilities available, VVF often can be 
treated successfully by tailing the approach to the patient’s condi-
tion. It took almost 300 years of surgical research and extended 
practice with VVF patients, including enormous suffering and 
great rewards, to achieve this important goal. The history of 
the approaches to treatment demonstrates that fl exibility is the 
key to successful management of this challenging pathologic 
condition.

ABDOMINAL APPROACH

Indications

An abdominal approach for the treatment of a VVF can be chosen 
for several reasons. Theoretically, the abdominal approach should 
be used when a less invasive approach is not feasible, but practi-
cally, this can have different meanings in different settings. At 

least four factors enter into the decision: the kind of fi stula, the 
patient, the situation in which treatment takes place, and the 
surgeon. Fistulas are not all the same, and treatment must be 
individualized. Case selection is important.18,19 The abdominal 
approach was developed to treat fi stulas that were too high or too 
far from the bladder fl oor to be reached transvaginally. More-
over, in some cases, especially after several previous attempts, the 
vagina can be severely scarred and cannot be used for access to 
the fi stula. Application of this concept depends on the surgeon’s 
experience. Surgeons who have extensive experience with trans-
vaginal surgery perform most repairs in this way, fi nding treat-
ment of most fi stulas amenable to the transvaginal approach.20,21 
Even the most complex fi stulas can be repaired with the use of a 
peritoneal fl ap.22

There have been no abdominal repairs in the Addis Ababa 
Fistula Hospital in the past 4 years, during which about 4500 
patients have been repaired transvaginally. However, one case of 
a high cervicovaginal fi stula was operated on in another hospital. 
The patient had previously undergone a cesarean section, and in 
this particular case it was necessary to switch from the vaginal to 
the abdominal route because the fi stula could not be reached 
safely from the vagina (A Browing, personal communication, 
2005). Similarly, in pat ients who have been treated more than 
once with less invasive procedures without success, an attempt 
through a different route may be a reasonable choice. Some 
patients may express a preference for the abdominal route to 
increase the likelihood of cure. Some patients may need adjunc-
tive procedures, such as ureteral reimplantation, bladder aug-
mentation, or omental grafting, which need to be performed 
through the abdominal route.

The treatment setting also can infl uence operative decisions. 
In some tropical countries, for example, general anesthesia is not 
commonly available, which makes widespread use of the abdomi-
nal approach almost impossible.23,24 In this situation, the techni-
cal level of hospitals encourages the use of less invasive procedures 
that can be performed safely under spinal anesthesia.25,26 The 
surgeons’ preferences are based on general surgical experience, 
familiarity with the procedure, and personal opinions about the 
case. Box 82-1 summarizes the indications for the abdominal 
approach that are consistently reported.

Timing

The best time to intervene and repair a fi stula is unknown. Ini-
tially, treatment delay was advocated by some surgeons,16,27,28 but 
later data indicate that immediate treatment is benefi cial.26 Treat-
ment decisions are complicated by the fact that fi stulas can be 
completely different pathologic entities, from the small, clear-cut 
opening produced during pelvic surgery, which is suitable for 

• Fistula too high in the bladder to be reached

• Inaccessible vagina

• Patient’s preference

• Previously failed multiple attempts or failed less invasive 
attempt

• Necessity of other concurrent transabdominal procedures

• Hospital setting

• Surgeon’s preference

Box 82-1 Indications for the Abdominal 
 Approach
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immediate repair,29 to the large, necrotic loss of substance, which 
results from hours of ischemic injury to the bladder during 
obstructed labor.30 Timing should be tailored to the specifi c 
situation.31,32

It seems reasonable that a fi stula should be treated as soon 
after diagnosis as possible, with timing modifi ed according to the 
individual case. In the developed world, there often is no reason 
to postpone treatment.29,31,33-35 Exceptions include the presence of 
infection or signifi cant edema or a massive hematoma at the site 
of the fi stula, which should be resolved before surgery. Taking 
care of coexistent problems usually requires not more than a few 
weeks, during which regular cystoscopic evaluation may be 
advisable.36

The possibility of spontaneous closure should be considered, 
especially for small, clean, postoperative fi stulas, because sponta-
neous closure has been described in several cases after a trial of 
observation for 3 to 4 weeks.26,37-39 After a conservative trial is 
started, we avoid using an indwelling catheter during the period, 
to minimize local infection and edema.

Large fi stulas, fi stulas recurring after previous attempts at 
repair, multiple fi stulas, or those associated with other conditions 
that require surgical treatment are not prone to spontaneous 
closure, and there is no reason to consider a conservative 
approach. These cases are more often treated with the abdominal 
approach. Box 82-2 addresses the suggested timing of VVF 
management.

Preoperative Preparation

The following guidelines for the preoperative preparation of the 
patient are based on published data and our personal opinions 
and experience. Preoperative preparation should not delay 
surgery, unless there is infection, massive hematoma, or signifi -
cant edema at the site of the fi stula (see Box 82-2). The perfor-
mance status and nutritional status of some patients may require 
time for improvement. This situation may be more common in 
countries with a high incidence of VVF among poor patients. In 
these cases, preoperative preparation to improve the general con-
dition of the patient is indicated, as emphasized in several 
reports.14,23,30,40 Box 82-3 summarizes the issues concerning pre-
operative preparation of VVF patients.

As soon as the patient is ready for surgery the issue of antibi-
otic prophylaxis must be considered. A randomized control trial, 
which reported the results for 79 VVF in 1998, showed that anti-
biotic prophylaxis (500 mg of ampicillin IV) at the start of the 
operation did not produce benefi t in terms of success rates, but 
it seemed to reduce postoperative urinary infections and the need 
for long-term antibiotic therapy.41 Consistent with this fi rst expe-
rience, in a large series from Nigeria Waaldjik, reported a success 
rate of 98% for 1716 cases of VVF without the use of antibiotic 
prophylaxis.26 Postoperative wound infection was not never seen, 
and antibiotic use does not seem to be mandatory according to 
these data. However, when economic restrains are not severe, 
antibiotic prophylaxis may be considered and continued postop-
eratively when necessary or in cases involving surgical manipula-
tion of the intestines.

Another consideration is the use of cortisone. Collins and 
associates42 reported the use of oral corticosteroids (100 mg, three 
times daily for 10 to 12 days preoperatively) in the treatment of 
fi stulas to reduce edema and fi brosis. Cortisone use is not widely 
accepted before surgery for VVF because it may compromise 
healing. It is diffi cult on the basis of the available data to justify 
the use of steroids before fi stula repair.

Local application of estrogen creams has been advocated as a 
preoperative measure.17,43,44 Estrogens can improve the cellular 
proliferation rate and blood supply of the vaginal wall, which 
contains estrogen receptors in the epithelial layer. Estrogen recep-
tors are also found in the connective tissue of the female pelvis 
between the bladder and the vagina. This tissue undergoes 
atrophy with hypoestrogenism. It therefore seems wise to recom-
mend the local use of preoperative estrogen creams, particularly 
in postmenopausal or post-hysterectomy patients. Even in pre-
menopausal women, the use of estrogen creams has helped in 
healing postcesarian VVFs soon after delivery.45 Consistently, the 
use of tamoxifen, an anti-estrogen drug, has been associated with 
poor local healing after gynecologic surgery.46 However, the epi-
thelium that lines the fi stulous tract itself contains estrogen and 
progesterone receptors in vesicouterine fi stulas.47 Estrogen stim-
ulation in this case could antagonize spontaneous closure of the 
fi stula by maintaining the lining epithelium. Jozwik and Jozwik48 
reported spontaneous closure of vesicouterine fi stulas with hor-
monal suppression by induction of amenorrhea, supporting the 
role of estrogens in the maintenance of this kind of fi stula. There 
are few data on the histology of VVFs. It is not known whether 
estrogen receptors are present in the epithelium lining VVFs. A 
case of persistent VVF associated with endometriosis has been 
reported,49 but endometriotic tissue was not found on histologic 
analysis of the fi stula’s epithelium. In a few cases, estrogens may 
maintain the fi stula’s epithelium, but this seems more common 
in vesicouterine fi stulas and has never been demonstrated in 
VVFs. 

Surgical Technique

The patient is positioned supine on the operating table with the 
hips abducted and mildly fl exed. An appropriate degree of head-
down tilt is advisable. The abdomen and perineum are prepared 
for the operation. Even when the operative approach is through 
the abdomen, sterile access to the perineum should be provided 
for catheterization, preoperative cystoscopy (if required), access 
to the vagina for fi nger or tampon aid during separation of 
the vagina from the bladder, or in case a combined perineal-
abdominal approach becomes necessary.

• Diagnosis

• Cystoscopic evaluation

• Quick conservative trial (when appropriate)

• Surgery

• Postpone surgery for infection, hematoma, or signifi cant 
edema

Box 82-2 Timing Sequence

• Improvement of patient's performance status (when 
necessary)

• Antibiotic prophylaxis

• Antibiotic treatment (when indicated)

• Cortisone treatment (not supported by evidence)

• Local estrogens (useful)

Box 82-3 Preoperative Preparation
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A catheter is placed in the bladder. The surgical instruments 
are those used during classic pelvic surgery. Autostatic retractors 
are useful. Laparotomy can be performed by a lower midline 
incision or by a Pfannenstiel incision, especially when a previous 
operation used this route (Fig. 82-3). When needed, both inci-
sions can be extended to the upper abdomen to obtain access for 
omental preparation. The median incision is extended upward, 
and the Pfannenstiel incision can be integrated with an extra-
short epigastric median incision. Sometimes, reaccessing a previ-
ous Pfannenstiel incision may not guarantee proper exposure of 
the pelvis. In this case, the suprapubic cross incision or a supra-
pubic V-shaped incision, as described by Turner-Warvick and 
Chapple50,51 and Turner-Warvick and coworkers52 can be a suit-
able choice. This is particularly valid when the patient previously 
had surgery by the Pfannenstiel route. An additional midline 
incision would leave this patient with a double-cross–like scar 
and a long-lasting memory of the VVF. The suprapubic cross 
incision allows reopening of the skin though the previous inci-
sion, but after dissecting the subcutaneous tissue away from the 
rectal fascia, it must be transected vertically on the midline up to 
the umbilicus, not along the previous horizontal fascial incision. 
The V-shaped incision is a variant, in which after a Pfannenstiel 
skin incision, the rectus sheath is opened upward and laterally 
toward the anterior superior iliac spine; distally, the fascial inci-

sion is truncated with a 4-cm horizontal tract at the level of the 
pubic symphysis.

After the incision is completed, the procedure can take place 
through the anterior transvesical approach or the classic O’Conor 
technique by means of the extraperitoneal or intraperitoneal 
route. The former is described fi rst.

Anterior Transvesical Approach
After the fascia is open, the Retzius space is entered. Dissection 
of the Retzius space allows preparation of the preperitoneal 
surface of the bladder, separating it from the surrounding struc-
tures. A self-retaining retractor can be placed at this point to keep 
the abdominal wall stabilized laterally. A vertical anterior cystot-
omy is performed, which allows visualization of the internal 
surface of the bladder with the fi stula and the ureteral openings. 
If fi stula and ureteral openings are close, ureteral catheters 
can be passed in the ureters at this point. A delicate retractor 
or suspension sutures can be used to separate the bladder walls 
(Fig. 82-4).

The operation proceeds with a racquet-shaped excision of the 
bladder wall around the fi stula opening in the bladder and of the 
fi stulous tract until clean, well-vascularized margins are obtained 
(Fig. 82-5). Some methods can help to gain traction on the fi stula 
and facilitate its dissection, including use of a Foley catheter with 
an infl ated balloon44 and specially designed devices passed 
through the fi stula53,54 from the bladder opening to the vaginal 
opening. Dissection of the bladder from the vagina around the 
fi stula is carried out to obtain free lateral margins, which can be 
then sutured without traction. Meticulous hemostasis is recom-
mended during these maneuvers, with care taken to avoid isch-
emic damage to the tissue, which may compromise the repair.

At this stage, sutures are placed, starting deeply from the 
vaginal site. Interrupted, absorbable, 2-0 or 3-0 sutures are 

Figure 82-3 Patient position and incision lines for the abdominal 
approach to treating vesicovaginal fi stula. Cutaneous incisions can 
be on the midline or horizontal (i.e., Pfannenstiel incision). The 
rectal fascia incision should be performed vertically on the midline 
in both cases. A Pfannenstiel incision can be combined with a short 
epigastric incision in case omental mobilization is required. The 
infra-umbilical median incision can be extended upward.

Figure 82-4 View of the internal surface of the bladder after an 
anterior cystotomy during the anterior transvesical approach. 
Suspension sutures retract the bladder walls for exposure. The 
ureters have been catheterized. The fi stula opening is shown just 
behind them. The bladder wall is excised around the fi stula in a 
racquet fashion (dashed line).
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recommended. One layer is enough at the vaginal site. For fi stulas 
located at the bladder neck, it may be feasible to close the vaginal 
end of the fi stula from the vagina, using a combined abdomino-
perineal approach.55 The bladder end of the fi stula is then closed 
with a double layer (muscular layer and mucosal layer) of inter-
rupted or continuous sutures (see Fig. 82-5). Absorbable sutures 
should be used. The ureteral catheters are removed, and the 
anterior cystotomy can be closed in a similar double-layered 
fashion. A drain is left in the Retzius space, along with a supra-
pubic cystostomy or a transurethral catheter, or both. The cath-
eter’s balloon is not infl ated or infl ated with only 4 to 5 mL to 
avoid balloon compression on the suture lines.

The key points of the technique are wide excision of the fi s-
tulous tract until well-vascularized margins are achieved; gener-
ous dissection to ensure no tension on sutures; perfect hemostasis; 
a three-layered suture that includes the vagina, detrusor, and 
bladder mucosa; and a watertight suture of the bladder.

O’Conor Technique
The O’Conor technique is based on complete bisection of the 
bladder and wide separation of it from the vagina. In its original 
description, it was performed extraperitoneally, but intraperito-
neal access sometimes is required.15,16

The bladder is exposed extraperitoneally with as much dissec-
tion as necessary to free its posterior wall. The peritoneum can 
be opened when the extraperitoneal posterior exposure of the 
bladder is insuffi cient, when additional procedures or omental 
interposition is required, or when the patient has undergone 
previous operations for carcinoma.17

After the peritoneum has been opened at the midline, the 
abdominal cavity can be explored. The bowel is evaluated in case 
an augmentation cystoplasty has been planned, and the omentum 
is inspected and measured to verify its ability to reach the pelvis. 
Adhesions can be separated, and the bladder dome and the 
Douglas space are reached and prepared. In the extraperitoneal 

and intraperitoneal approaches, the bladder is fully mobilized 
before incising it. A generous vertical cystotomy is performed on 
the posterior surface of the bladder, from the dome down to the 
site of the fi stula, which is included in the distal part of the inci-
sion. To facilitate later closure of the cystotomy, the posterior 
incision of the bladder can be curved laterally so that the two 
edges will approximate more comfortably at the end of the opera-
tion. The bladder is practically bisected on the posterior wall with 
this long incision, which reaches the fi stula opening. Suspension 
sutures can be placed along the separated bladder halves to keep 
them separate and guide the surgeon later during closure.

The interior surface of the bladder is inspected, and the ureters 
can be catheterized. The bladder wall around the fi stula is sec-
tioned circularly, and the fi stula is excised to obtain free, healthy 
margins (Fig. 82-6). All necrotic and nonviable tissue is excised; 
a wide, lateral dissection of the bladder from the vagina is 
obtained; and the bladder is moved upward and anteriorly, with 
careful hemostasis to prevent postoperative ischemia (Fig. 82-7). 
The suturing begins at this point. Transverse vaginal closure is 
achieved with a single or double layer (double layer in the 
O’Conor’s description of the procedure15) of absorbable continu-
ous or interrupted sutures (Fig. 82-8). Longitudinal bladder 
closure is then achieved with a double layer of absorbable inter-
rupted or continuous sutures. The bladder closure starts from the 
distal apex of the cystotomy and walks upward (Fig. 82-9). Inter-
position tissue such as peritoneum or fat can be placed over the 
top of the vaginal suture to reinforce it. Unlike the original 
description, the vaginal site of the fi stula is not always closed, 
because some surgeons think that closure can prevent drainage 
of hematomas from the widely dissected intervesicovaginal 
space.56 A drain is left in the retropubic space before closing the 
abdomen, along with a cystostomy or a transurethral catheter, 
or both.

Figure 82-5 The vagina is sutured, and then the bladder is sutured. 
The sutures can be placed in directions perpendicular to each other, 
but the best strategy is to suture the vagina and the bladder 
according to the lines that allow the least tension on the margins.

Figure 82-6 The posterior cystotomy is extended downward to 
include the fi stula opening during the O’Conor procedure. Excision 
of the bladder wall is continued posteriorly widely around the 
fi stula, which is totally excised on the vaginal side to obtain healthy 
free edges (dashed line).
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Interposition Grafts

Interposition grafts are used in VVF surgery because experience 
indicates that this tissue promotes the success of the procedure, 
especially in cases of multiple failures and necrotic and poorly 
vascularized tissues, as in postirradiation fi stulas.57,58 Another 
indication for interposition grafts is when the loss of substance 
after fi stulectomy is too wide to guarantee a tension-free suture 

line or when proximity between the fi stula and the ureteral 
meatus does allow primary closure of the bladder without ure-
teral reimplantation. Interposition grafts can be used during any 
abdominal surgical procedure, and they vary in terms of location, 
vascularization, and type of tissue used. 

Free Bladder Mucosa
A simple procedure using free bladder mucosa can be applied 
easily during a limited anterior transvesical approach. A patch of 
bladder mucosa is harvested from the bladder dome in a size 
proportional to the size of the fi stula, and it is then placed between 
the bladder and vagina, with the mucosal surface directed toward 
the vagina or the bladder, and it is fi xed in place with a few 
stitches. The bladder wall is then sutured over the graft. The 
patch is harvested, leaving the underlying detrusor muscle intact. 
The donor bed fully re-epithelizes after a few weeks.59 This 
method has shown good results in avoiding reimplantation of the 
ureters when they were close to the fi stula opening in the vagina, 
because no attempt is made to separate the vaginal and vesicle 
layers of the fi stula60 or close the vaginal or bladder site of the 
tract.61,62

Sliding Bladder Wall
Gil-Vernet63 described a technique to advance downward a 
portion of full-thickness bladder wall to close a large loss of sub-
stance after fi stulectomy. It is a type of vesical autoplasty that has 
been successful in resolving complex VVFs, especially when the 
fi stula is close to the ureteral meatus. In this procedure, a fl ap 
obtained from the posterior bladder wall is moved down to 
replace the mucosa excised during the fi stulectomy. After closing 
the vaginal site, the bladder wall is bilaterally incised from the 
fi stula opening upward, allowing a fl ap to be brought down to 
the bladder neck and sutured to the distal bladder wall in a single 
layer. In this way, the vaginal suture line can be completely 

Figure 82-7 The dissection plane lies between the bladder 
anteriorly and the vagina posteriorly during the O’Conor procedure 
(dashed line). This plane is carefully developed after the 
fi stulectomy has been performed to obtain full separation of the 
bladder from the vagina.

Figure 82-8 Closure of the vagina with interrupted sutures. The 
wide mobilization performed earlier allows closure without tension 
on the margins.

Figure 82-9 The last step of the procedure is closure of the bladder 
wall. This can be performed in one or two layers, starting from the 
distal end of the posterior cystotomy. The initial curved line of the 
bladder incision facilitates closure of the bladder wall without 
tension.
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covered. This technique is easy to perform, and it limits the need 
to use omentum in cases of large, complex fi stulas when the 
bladder cannot be closed primarily. It has the advantage of replac-
ing bladder with bladder.64

Dura Mater
A graft of solvent-dehydrated human dura mater can be used for 
interposition during the extraperitoneal approach, even in cases 
of limited exposure and when the fi stula has not been excised. 
After closure of the vaginal site, the dura mater graft is placed 
over the suture and fi xed with interrupted, absorbable suture. 
Subsequently, the bladder is closed in two layers.65 The use of 
dura mater as a bladder or ureteral wall substitute has been suc-
cessfully demonstrated.66

Abdominal Wall Fat
When abdominal wall fat is used for interposition, an extraperi-
toneal approach is undertaken in the usual fashion. The fi stula is 
excised, and the free graft of abdominal wall fat is placed over the 
vaginal suture line before closing the bladder site. This simple 
technique can be performed easily in cases of limited exposure.67

Rectus Abdominis Muscle Flap
A rectus abdominis muscle fl ap can be raised during an extra-
peritoneal approach; blood for the fl ap is supplied by the inferior 
epigastric artery. This muscle has excellent vascularization, and 
it can be rotated easily and brought down into the pelvis in cases 
of complex fi stulas, especially when the omentum is not available 
for interposition. A rectus abdominis myofascial fl ap has been 
used successfully in one patient with a large postirradiation 
VVF.68 In another case of postirradiation VVF, a rectus abdomi-
nis myocutaneous fl ap covered a large loss of substance in the 
bladder after fi stulectomy adjacent to the ureteral meatus, with 
the skin side of the graft covering the bladder inner wall.69 Rectus 
abdominis myocutaneous fl aps have been used successfully in a 
complex cases of irradiated pelvic wounds and pouch-vaginal 
fi stulas, for which several previous transvaginal and transabdom-
inal approaches had failed.70 Successful use of rectus abdominis 
muscle fl aps has been reported for four other cases of diffi cult, 
recurrent VVFs.71,72

Gracilis Muscle Flap
In complex cases when the omentum is not available, the gracilis 
muscle can be considered for tissue interposition during an 
abdominal repair. The access is extraperitoneal. The muscle is 
harvested from the thigh based on the profunda femoris artery, 
and the fl ap is transposed between the bladder and the vagina. 
Two cases of recurrent VVFs were successfully treated with this 
technique.73

Peritoneal Flap
When using a fl ap of peritoneum for interposition, access is 
gained through the transperitoneal route. After incision of the 
bladder and excision of the fi stula, a fl ap of peritoneum with an 
appropriate pedicle is raised from the lateral pelvic wall. The 
vaginal site is closed, and the fl ap is placed between the bladder 
and the vagina and fi xed with interrupted absorbable sutures. 
The bladder wall is closed over the fl ap. Care is taken at the end 
of the procedure to suture the peritoneal lateral edges from which 
the fl ap has been harvested, but this is not always necessary.

This simple technique can be used successfully to repair recur-
rent or postirradiation fi stulas.74 One possibility when using the 

peritoneum is to harvest a fl ap of the peritoneum that lines the 
broad ligament. A portion of the anterior surface of the broad 
ligament can be raised and moved medially to cover the vaginal 
site of a VVF in case of a large fi stula.75 An epiploic appendix can 
be used as interposition tissue and be brought behind the bladder 
when using an intraperitoneal or an extraperitoneal approach; in 
the latter case, access is gained by cutting a small opening in the 
peritoneum.76

Seromuscular Intestinal Graft
A patch of seromuscular intestinal graft obtained from a segment 
of small bowel can be used to repair VVFs. This technique 
requires intraperitoneal access and interruption of the bowel for 
harvesting the intestinal segment. The loop obtained is opened 
along the antimesenteric border, and the mucosal lining is 
mechanically removed, obtaining a seromuscular graft of small 
intestine. This patch is then used as interposition tissue between 
the bladder and the vagina, with the seromuscular face positioned 
toward the bladder. Complete re-epithelization of the seromus-
cular face of the graft with transitional epithelium occurs after a 
few weeks, and a 100% cure rate has been reported for treating 
complex postirradiation fi stulas in four patients.77

Omentum
The omentum has excellent capacity for tissue healing, revascu-
larization, lymphatic drainage, and anti-infl ammatory activity. 
Unlike other tissues such as muscle, the omentum does not 
undergo atrophy or fi brosis after transposition. A transperitoneal 
approach always allows access to the omentum. However, this 
does not necessarily mean that the omentum can be used, because 
in some cases, it may be retracted or not available for inter-
position because of previous surgical procedures. Availability 
of the omentum can be established only after opening of the 
peritoneum. The omentum reaches directly into the pelvis 
in only 30% of patients.78 In 70%, omental mobilization is 
required.

A complete description of the surgical technique for omental 
interposition was published by Turner Warwick.50 The key point 
is maintenance of the vascularization of the omentum by care-
ful preparation of its vascular pedicle. Vascularization of the 
omentum is based on the gastroepiploic arteries. The right artery 
usually is larger. The two arteries form an arch along the greater 
curvature of the stomach, which needs to be mobilized for elon-
gation of the omentum when this is needed. Because mobiliza-
tion should be based on the right gastroepiploic artery, the 
omentum should be released from the greater curvature, starting 
high on the left and moving down to the right. Variations of this 
procedure may vary from a limited tract to the entire length of 
the greater curvature.

The prepared omental apron is displaced in the pelvis and 
interposed between the bladder and the vagina, where it is secured 
in place with a few stitches. It is important to protect the passage 
of the omentum by mobilizing the ascending colon and placing 
the omentum behind it.51 Suction drainage of the stomach can 
protect it from postoperative overdistention that could put the 
sutures on the small vessels along the greater curvature under 
tension.

Complex Repairs

Combined grafting with omentum and a gastric segment has 
been described in a case of postirradiation VVF with large sub-

Ch082-X2339.indd   808 1/31/2008   2:57:39 PM



 Chapter 82 ABDOMINAL APPROACH FOR VESICOVAGINAL FISTULA 809

stance loss. The gastro-omental graft was based on the right gas-
troepiploic pedicle. The gastric wall was used successfully to 
replace the posterior bladder wall, and the omentum closed the 
vaginal defect, which was not sutured.79 Large postirradiation 
fi stulas may require bladder augmentation during repair. An 
ileocystoplasty can be successfully performed in these cases; it can 
be combined with omental interposition, without closure of the 
vaginal site when this is not possible.80,81

Augmentation cystoplasty should be performed when the 
bladder capacity is small as a consequence of previous failed 
repairs, because it may prevent the necessity of urinary diver-
sion.82 However, urinary diversion as a fi nal option in the treat-
ment of VVF can be employed with good functional results. 
Continent diversions are more acceptable to patients, especially 
in countries when the local culture does not accept external 
diversions or the economic and clinical support for the external 
incontinent stoma is not available.83 Continent urinary diver-
sions performed with the Mitrofanoff procedure can be a valu-
able technique to restore continence in the most diffi cult 
patients.84,85 When good anal continence is preserved, an uretero-
sigmoidostomy, such as a Mainz II pouch, can be considered.86,87 
A colon pouch can be similarly used for a continent external 
diversion.88

Laparoscopic Repair

Laparoscopic repair of a VVF fi stula is a less invasive strategy than 
the open abdominal approach. This is especially true when the 
VVF resulted from a previous laparoscopic procedure. Successful 
laparoscopic repair of a VVF was fi rst described by Nezhat and 
colleagues89 in 1994 in a patient who had been previously treated 
laparoscopically for an ovarian remnant syndrome. Subsequently, 
more experience with this technique were published.90-96

Preoperative cystoscopy and ureteral catheterization are advis-
able before laparoscopy. During cystoscopy, a ureteral catheter 
or a Foley catheter can be passed through the fi stula into the 
vagina and retrieved outside through the introitus. This helps 
with identifi cation of the fi stula during dissection. Leaving the 
cystoscope in the bladder with the light on can facilitate identifi -
cation of the fi stula during the operation.96 The patient is placed 
in the low lithotomy position. For access, one 10-mm infraum-
bilical incision is made to insert the video laparoscope and the 
CO2 laser, and three additional 5- to 10-mm incisions are made 
in the lower abdomen for the suction-irrigation probe, the grasp-
ing forceps, and the bipolar forceps.

The principles of laparoscopic surgery do not differ from 
those of open surgery. A classic O’Conor technique is reproduc-
ible laparoscopically.95,96 Cystotomy on the posterior bladder wall 
and careful dissection of the bladder from the vagina are per-
formed under direct vision, with the advantage of magnifi cation 
provided by the laparoscopic approach. An infl ated glove or a 
wet sponge in the vagina can help to maintain the pneumoperi-
toneum after the vagina has been opened. The pneumoperito-
neum can also help to distend the bladder after the cystotomy 
has been performed After excision of the fi stula and mobilization 
of the bladder from the vagina, the vagina and then the bladder 
are each sutured with one layer of interrupted or continuous 
absorbable sutures using extracorporeal knotting. Intracorporeal 
knotting has also been performed,93 as has double-layered closure 
of the bladder.94,96 A fl ap of parietal peritoneum can be used for 
interposition.89 The omentum can be mobilized with staplers and 
interposed without closure of the vaginal site91 or after the vagina 

has been sutured.92-96 Patients can be discharged on the fi rst or 
second postoperative day.

Additional intra-abdominal procedures, such as ureteral 
reimplantation or nephrectomy, can be performed during the 
laparoscopic approach.93,96 Two large series of patients treated 
laparoscopically have been reported,95,96 consisting of 6 (plus 2 
cases of vesicouterine fi stulas) and 15 cases of VVFs. Success rates 
of 100% and 93% were reported for these series.

Robotic Repair

A robotic system can be used as an alternative to laparoscopy in 
VVF repair, especially during the reconstructive period. Robotic 
surgical systems offer several technical advantages: high magni-
fi cation, three-dimensional imaging, and a degree of freedom in 
movement that surpasses the possibilities of the human hand and 
laparoscopic instruments. Successful repair of VVFs using the Da 
Vinci robotic system is possible.

The fi rst case managed with this technique was reported in 
2005.97 The patient is placed in the low lithotomy position. 
Preoperative cystoscopy with ureteral catheterization is per-
formed. The patient is then moved into an extreme Trendelen-
burg position, and the ports are placed. Port placement does 
not differ from the technique used in robotic-assisted radical 
prostatectomy.98

In the fi rst part of the operation, exposure of the bladder and 
cystotomy on the posterior bladder wall are performed, with 
identifi cation of the fi stula and excision of the fi stulous tract, 
using a standard laparoscopic technique. The Da Vinci system is 
docked for the reconstructive part of the operation. The vaginal 
layer is closed with a single layer of sutures, and the bladder is 
then closed in two layers. The patient is discharged on the second 
postoperative day.

It is probable that robotic repair of VVFs will become more 
common in the future. The hope is that technologic improve-
ments, such as the Da Vinci robot, can help surgeons successfully 
manage the more diffi cult cases with less invasive procedures and 
faster postoperative recovery while maintaining or improving the 
standards for proper surgical repair.

POSTOPERATIVE CARE

The key aspect of postoperative care in VVF surgery is continu-
ous bladder drainage.6 This can be accomplished by a transure-
thral or a suprapubic catheter, or both, placed at the end of the 
operation. Prevention of kinking and obstruction by blood or 
mucus of the catheter is crucial. The transurethral catheter 
balloon should not be infl ated or infl ated with no more than 
5 mL to prevent compression on the suture lines, especially if the 
fi stula was at the level of the bladder neck. Suprapubic and trans-
urethral urine drainage can be benefi cial in case one catheter 
stops functioning. Maintenance of a high urine output with ade-
quate fl uid intake is a good postoperative measure to keep the 
patient hydrated and prevent blockage of the catheter.26,99 Bladder 
drainage should be maintained for a minimum of 10 days100 and, 
more often, for 2 weeks.

The timing of catheter removal varies and must consider 
the patient’s circumstances. More prolonged catheterization is 
required for extension of the bladder sutures and for poor tissue 
quality.101 The transurethral catheter can be removed before or 
after the suprapubic catheter. The suprapubic catheter should be 
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clamped before removal is attempted to check for effective 
voiding. A voiding cystogram is obtained before removing the 
last catheter to make sure that there is no leak from the bladder. 
If incomplete closure is suspected, the catheter can be left in place 
for 1 or 2 weeks longer. A drain in the paravesical space can be 
left at the end of the operation to ensure drainage of blood or 
fl uids from the pelvis. An intraperitoneal drain can be placed 
during transperitoneal procedures or when the omentum has 
been mobilized. Drains can be removed starting 5 or 6 days after 
the operation. It may be advisable to leave the paravesical drains 
longer. Ureteral catheters can usually be removed at the end of 
the operation, unless the ureters have been reimplanted. After a 
transperitoneal procedure, especially when the omentum was 
mobilized, temporary gastric drainage may be advisable, to 
prevent gastric overdistention. Alternatively, a gastrostomy per-
formed at the time of surgery may be a more comfortable option 
for the patient.50,102 A vaginal pack is removed on the fi rst post-
operative day.

Bed rest may be advised in cases of large, necrotic fi stulas and 
poor vascularization of surrounding tissues.24 In other cases, 
ambulation on the fi rst or second postoperative day is encour-
aged. Postoperative antibiotic prophylaxis is administered for 10 
days or until the drains are removed, but antibiotics are not 
always mandatory. Oral or local estrogen treatment may be useful 
in postmenopausal women. Mechanical stress or tension on the 
suture line should be avoided. The use of vaginal tampons is 
discouraged for a few weeks, and sexual intercourse is not allowed 
for 2 months after surgery. Anticholinergic drugs may help to 
reduce bladder spasms that can put tension on the sutures.99,103 
These drugs should be stopped 24 hours before obtaining the 
voiding cystogram. Postoperative care issues are summarized in 
Box 82-4.

RESULTS

It is diffi cult and sometimes impossible to compare published 
series of VVF repair. In all cases, patient selection is critical, and 
different series may be not comparable in terms of patients, hos-
pital setting, strategy used, and the type of fi stulas involved. Cure 
rates are not always intended as closure at the fi rst operation.

The relevant clinical characteristics of VVF cases are provided 
in Box 82-5. They should be taken into account when comparing 
cases and series. Tables can be found in the medical literature 
that compare reported series.104,105 This approach to comparing 
series is common, but it sometimes is impossible to summarize 
in a table all the information for a reported experience. For this 
reason, in the next sections, we provide brief descriptions of some 

published experiences and our own experience with the abdomi-
nal approach to VVF repairs.

Review of Reported Series

El-Imam and colleagues,106 2005: Thirty of 50 cases of VVF were 
selected for the abdominal approach (20 operated vaginally). The 
fi stulas are described as large, recurrent, high fi stulas occurring 
in older women. Causes included obstructed labor and hysterec-
tomy. The success rate for repairs using the abdominal approach 
was 99%.

Vyas and coworkers,60 2005: Twenty-two VVFs were treated. 
Causes included : obstetric issues in 15 and post-hysterectomy 
fi stula formation in 7. All were operated using the transabdomi-
nal extraperitoneal approach (some through a combined abdom-
inoperineal approach) and free bladder mucosa autograft. Five 
patients had undergone previous repairs; of these, two had recur-
rences. The success rate was 91%.

Naru and associates,107 2004: Fifty-six VVFs were treated. In 
these cases, 72.4% had obstetric causes, and 26.4% occurred after 
gynecologic surgery. A transabdominal approach was chosen in 
69% of the cases. In one case, a ureterosigmoid diversion was 
performed. The overall success rate was 83.8% (79.4% at fi rst 
attempt). In this report, one ureterosigmoid diversion was done, 
and the patients lost at follow-up were considered as failures.

Alagol and colleagues,65 2004: Eleven VVFs were treated. All 
cases were caused by hysterectomy for benign disease. Two 
patients had undergone previous repair attempts. The approach 
was transabdominal extraperitoneal with interposition of a dura 
mater free graft. The success rate was 100%.

Navarro Sebastian and coworkers, 108 2003: Eighteen VVFs and 
two vesicouterine fi stulas were treated. Causes included post-
operative formation in 83% (13 hysterectomies, 1 cesarean 
section) and cancer in 17% of patients. Twelve patients were 
operated transabdominally, nine using an intraperitoneal 
approach and peritoneal graft (six cases) or omental interposi-
tion (three cases), and three operations used an extraperitoneal 
transvesical approach. The success rate was 88.5%.

Rafi que,109 2002: Thirty-six VVFs and two 2 vesicouterine fi s-
tulas were treated. The cause in all cases was obstetric. Twenty-
nine patients were operated using a transabdominal, transvesical 
approach with bladder bisection. Omentum interposition was 
used in all cases. Two ureteral reimplantations and two hysterec-
tomies were performed. The success rate was 89.6%.

Kam and associates,110 2003: Twenty VVFs were treated. Four-
teen VVFs occurred after gynecologic surgery. Four patients were 
operated using the transvaginal approach, seven using the extra-
peritoneal transabdominal approach, and eight using an intra-
peritoneal approach with bladder bisection. In one case, a urinary 
diversion (i.e., ileal conduit) was performed. Interposition fl aps 

• Adequate bladder drainage

• High fl uid intake

• Intra-abdominal fl uid drainage

• Temporary gastric drainage after omentum mobilization

• Avoidance of traction on the sutures: no tampons, no sex 
for 2 months

• Adjuvant therapy: antibiotics, anticholinergic agents, 
estrogens

Box 82-4 Postoperative Care

• Cause

• Location of fi stula

• Hospital setting

• First versus subsequent treatments

• Quality of surrounding tissue

• Associated lesions

Box 82-5 Differences in Fistula Cases
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were used in six cases. The success rate was 85%. Three failures 
were reoperated using the extraperitoneal approach with com-
plete success.

Wook Bai and colleagues,111 2003: Twenty-six VVFs were 
treated. The fi stulas were caused by hysterectomy or delivery. A 
transabdominal extraperitoneal approach was selected in 11 
cases, and a combined abdominoperineal approach was used 7. 
The success rate for the fi rst attempt was 90%, and for the second 
attempt, 80%.

Benchekroun and coworkers,112 2003: In this large report of 
1050 cases of urogenital fi stulas, 48% were VVFs. Obstetric causes 
accounted for 93% of the VVFs. The patients were operated 
preferentially transvaginally, but the abdominal route was pre-
ferred when the fi stulas were high or posterior, if other proce-
dures or omental interposition were planned, or in case of severe 
vaginal sclerosis. The success rate was 95%.

Sharifi  and associates,62 2002: Fourteen VVFs were treated. 
Thirteen occurred after hysterectomy, and one was caused by 
obstructed labor. The access was transvesical extraperitoneal, and 
free bladder mucosa autograft was used. In 12 of 14, there was 
immediate success, but 2 required prolonged catheterization.

Kochakarn and colleagues,113 2000: The surgeons treated 
230 VVFs. Known causes included hysterectomy in 195, 
obstructed labor in 10, and irradiation in 9. Thirty-fi ve patients 
had undergone previous attempts at repair. The transvesical 
extraperitoneal approach was performed in 168 cases (73%), 
including 29 reoperations and 139 fi rst operations. The success 
rates were 78% (109 of 139) for the fi rst-operation group and 
62% (18 of 29) for the reoperation group. Of the 30 failures in 
the fi rst-operation group, 15 were postirradiation fi stulas. The 
O’Conor technique with bladder bisection was performed in 30 
patients (success rate of 93.3%). Twenty patients were operated 
transvaginally (success rate of 100%). Urinary diversion (i.e., ileal 
conduit, colon conduit, or bilateral ureterostomies) was per-
formed in 10 patients.

Evans and associates,58 2001: Thirty-seven VVFs were treated. 
Twenty-fi ve resulted from gynecologic surgery. A transperitoneal 
O’Connor procedure was used. In some cases, interposition fl aps 
were used (with 100% success), and the others were operated 
without fl aps (63% success rate).

Mondet and colleagues,56 2001: Thirty VVFs in 28 patients 
were treated. Causes included gynecologic surgery in 78%, of 
which 86% occurred after hysterectomy, and cesarean section in 
14%. In 30% of the patients, previous procedures had been per-
formed. A transperitoneal-transvesical approach was used. The 
vaginal site was not closed in 66% of the cases. In 10 cases (83% 
of the trigonal fi stulas), ureteral reimplantation was necessary. 
The overall success rate was 85%; success rates were 93% for 
supratrigonal and 75% for trigonal fi stulas. Postoperative voiding 
disorders were documented in 38% of the patients. The failures 
were treated with urinary diversion in three cases (one transileal 
noncontinent cutaneous ureterostomy and two ureterosigmoid-
ostomies). In one case, a second transperitoneal operation was 
undertaken with ureteral reimplantation (not performed in the 
fi rst procedure), and it was successful.

Flores-Carreras and coworkers,114 2001: The surgeons treated 
153 VVFs. Fistulas resulted from hysterectomy in 90%, cesarean 
section in 3.9%, and Burch procedures in 1.9%. Thirty-two 
(20.9%) patients had been previously operated. In 113 patients 
(68%), a vaginal approach was chosen, with a success rate of 90% 
at the fi rst attempt and 100% at the second or third attempt. 
Thirty-three percent pf the patients underwent a transvesical 

suprapubic procedure (success rate of 91% at the fi rst attempt). 
Of three failures, two were reoperated, and the third patient 
refused reoperation (fi nal success rate of 97%). The transperito-
neal approach was used in eight patients, with two failures (75% 
success rate); one had a successful second operation using the 
transvesical approach.

Langkilde and associates,115 1999: Fifty-fi ve patients VVFs 
were treated, 49 of whom had operations. Fistulas resulted from 
pelvic surgery (23 after hysterectomy) in 30 patients, cesarean 
section in 4, Burch procedures in 2, and radiation treatment in 
19. Eight patients had undergone previous attempts. Among the 
30 postoperative cases, 23 patients underwent an abdominal pro-
cedure (with transperitoneal-transvesical access), and 7 had a 
vaginal procedure. In four patients, reimplantation of the ureter 
was necessary. The success rate was 90% at the fi rst attempt and 
100% at the second (treatment of failures included two abdomi-
nal and one vaginal approach). Among those with post irradiation 
fi stulas, 12 patients underwent urinary diversions (fi ve uretero-
cutaneostomies and seven ileal conduits), 2 had an abdominal 
procedure, and 5 had a vaginal procedure (with a high failure rate 
in the postirradiation group: 6 of 7 cases).

Nesrallah and colleagues,104 1999: Twenty-nine VVFs were 
treated. All fi stulas were supratrigonal in this group. Fistulas 
resulted from hysterectomy in 28 patients (25 operations for 
benign disease, 2 after irradiation plus hysterectomy, and one 
cesarean section). Nine (34%) of 29 had undergone previous 
operations. In all cases, the transperitoneal approach was used, 
and an O’Conor procedure was performed, often with omental 
interposition. Four ureteral reimplantations were added. The 
success rate was 100%.

Ostad and coworkers,61 1997: Six VVFs were treated. All fi stu-
las resulted from hysterectomies. A transabdominal approach 
with free bladder mucosa graft was chosen. The success rate was 
100%.

Brandt and associates,591997: Eighty VVFs were treated. Fis-
tulas resulted from gynecologic surgery for benign disease. Three 
patients had undergone previous attempts at repair. The approach 
was extraperitoneal with free bladder mucosa autograft. The 
success rate was 96%, and there were no late failures.

Blaivas and colleagues,31 1995: Twenty-four VVFs were treated. 
Most fi stulas resulted from previous surgery (15 from hysterec-
tomy, 2 from anterior colporrhaphy, 2 from urethral diverticu-
lectomy, and 1 from an anti-incontinence procedure). Procedures 
included 16 vaginal repairs with a Martius fl ap, 1 with a gracilis 
fl ap, and 7 suprapubic transvesical repairs with omentum. In two 
patients, the procedure was started vaginally and then switched 
to the abdominal route because of poor exposure. The overall 
success rate was 96%.

Kristensen and Lose,116 1994: Eighteen VVFs were treated. All 
fi stulas were caused by hysterectomies. A total of 27 previous 
attempts had been performed. An O’Conor procedure with a 
transperitoneal approach was performed in all cases. In four, 
ureteral reimplantation was necessary, of which one was bilateral. 
Only 1 of 18 had a recurrence, with successful repair on the 
second attempt with interposition of omentum.

Arrowsmith,24 1994: Ninety-eight VVFs were treated. Fistulas 
resulted from obstetric causes in 93 patients, surgery in 4, and 
trauma in 1. Twenty-fi ve cases were treated abdominally with the 
O’Conor procedure (omentum was used in nine cases), three 
used a combined abdominoperitoneal approach, and the rest 
used a vaginal approach. Nineteen percent underwent multiple 
procedures. The success rate was 96%. Larger fi stulas did not fare 
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worse than smaller fi stulas (P = .87). However, treatment failure 
was signifi cantly associated with bladder neck damage (P < .015) 
or severe vaginal scarring (P < .005).

Blandy and coworkers,29 1991: Twenty-fi ve VVFs were treated. 
Fistulas resulted from hysterectomy in 24 patients and transvagi-
nal uterine prolapse surgery in 1 patient. A transperitoneal trans-
vesical approach was chosen, with interposition of omentum. 
The success rate was 100%.

Motiwala and associates,117 1991: Sixty-eight VVFs were 
treated. Fistulas resulted from hysterectomy in 48 patients, cesar-
ean section in 15, and labor in 5. Fifty-one were supratrigonal 
fi stulas. Four patients had undergone previous repairs. A 
transperitoneal-transvesical approach was chosen, with omentum 
grafts in 10 cases, and 58 used an extraperitoneal approach. Two 
ureteral reimplantations were necessary. The success rate was 
95% for the extraperitoneal procedures and 90% for the trans-
peritoneal cases.

Gil-Vernet and colleagues,63 1989: Forty-two VVFs were 
treated. Fistulas resulted from gynecologic operations in 28 
patients, obstetric causes in 11, and irradiation in 3. All the 
patients had undergone previous surgical attempts at repair. 
An extraperitoneal approach was performed, with the sliding 
bladder wall technique described previously. The success rate was 
100%.

Lee and coworkers,19 1988: The surgeons treated 182 VVFs. 
Fistulas resulted from hysterectomy in 156 patients, obstetric 
operations in 19, malignancy in 10, and trauma in 6. Ninety-one 
patients had undergone previous attempts at repair. The approach 
chosen was abdominal in 37 cases (20%) and transvaginal in 145. 
The success rate was 98%.

Udeh and associates, 55 1985: Thirty-one VVFs were treated. 
All fi stulas resulted from obstructed labor. Twenty-one patients 
had undergone previous attempts at repair. Two underwent elec-
tive diversion, and 29 were operated abdominally with an ante-
rior transvesical approach. The success rate was 86%.

Personal Experience

Patients
Eighty-four patients with urinary fi stulas have been operated 
using the abdominal approach at the Department of Urology of 
the University of Padova, Italy, between May 1979 and March 
2003, under the chairmanship of Professor Francesco Pagano. 
Patients’ data have been collected and analyzed retrospectively. 
Sixty-fi ve of 84 patients developed a VVF after hysterectomy for 
benign or malignant disease; 7 of them had received adjuvant 
radiation treatment for cancer. Two patients had undergone 
radiotherapy alone. Four patients developed a VVF after vaginal 
delivery, one after cesarean section, one after a bladder biopsy, 
one after bladder diverticulectomy, one after resection of a ure-
thral lesion, one after a vaginoplasty procedure, one after sacral 
colpopexy, and one after radical cystectomy and orthotopic ileal 
neobladder. In fi ve cases, the patients’ records were incomplete 
for cause. In one case, a clear reason for the fi stula could not be 
identifi ed. The most common onset symptoms were recorded for 
82 of 84 patients: vaginal leakage with a preserved micturition 
pattern was present in 58 patients and complete urinary inconti-
nence through the vagina in 24.

The patients received a preoperative evaluation, including cys-
toscopy, endovenous pyelography, retrograde ureterography, 
voiding cystography, vaginoscopy, and pressure-fl ow studies (for 

seven). Seventy-six (90%) of 84 patients presented with a VVF, 
5 with a VVF and associated rectovaginal fi stula, 2 with a uretero-
VVF, and 1 with an orthotopic neobladder-vaginal fi stula. In 56 
patients, the fi stula was supratrigonal; in 15, it was at the trigonal 
level; in 5, it was at the bladder neck; and in 3, it was on the lateral 
bladder wall. In fi ve cases, fi stula localization was not described. 
Before coming to our attention, 21 (25%) patients had received 
previous unsuccessful treatments in other institutions (with a 
median delay in this group of 25 weeks from onset of symptoms): 
14 had undergone one previous attempt (2 patients had been 
treated endoscopically with collagen injection or diathermoco-
agulation of the fi stulous tract), 11 had been operated using the 
vaginal approach, and 7 had been treated using the abdominal 
approach. One patient had been treated for cervical malignancy 
and had received an “external diversion” that was not better 
described. The other seven patients had undergone two previous 
attempts in another institution, two endoscopically with collagen 
or Tefl on infi ltration, two treated transvaginally, and three treated 
transabdominally.

Surgical Technique
In 64 of 84 patients, the fi stula was corrected using an extraperi-
toneal transvesical approach, and in 14 of 84, a transperitoneal 
approach was used; omental interposition was performed in 
three of these cases. Additional intraperitoneal procedures were 
performed in 12 cases: augmentation ileocystoplasty in 6 cases 
and ureteral reimplantation in 6 cases (four bilateral and two 
monolateral procedures). Urinary diversion was performed as 
the fi rst procedure in six patients (i.e., one continent ileal reser-
voir with a Mitrofanoff procedure and fi ve external noncontinent 
diversions, three with colon, one with ileum, and one ureterocu-
taneostomy). The bladder catheter was maintained for an average 
period of 10 days after surgery.

Outcomes
Excluding the patients treated with urinary diversion (6 of 84), 
successful closure was obtained in 94% (73) of the 78 other 
patients in whom abdominal repair was performed. Five patients 
had fi stula recurrences between 0 and 95 weeks; two were suc-
cessfully reoperated transvaginally, with one using a Martius fl ap 
interposition. Two were treated endoscopically with collagen or 
silicone injection (one failed, requiring after 12 weeks a second 
successful abdominal repair with ureteral reimplantation and 
omentum interposition). One had a ureteral-sigmoid-cutaneous 
diversion.

Long-Term Follow-Up
Long-term follow-up was possible for 62 of 84 patients. The 
minimum follow-up in this group was 2 years (average, 12.5 ± 
8.4 years). All patients were satisfi ed with their situation; 61 of 
62 patients were dry, and 1 complained about mild urinary 
incontinence but declined further treatment.

CONCLUSIONS

The ideal treatment for a VVF is the one that provides rapidly 
the best result with the least invasive approach. The abdominal 
approach for treatment of VVF, which is an invasive approach, 
has several indications, and when properly selected, it can provide 
the defi nitive solution to VVFs not treatable with less invasive 
procedures. New techniques, such as laparoscopy or robotic 
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surgery, can reduce the invasiveness of the open abdominal 
approach and make the procedure more acceptable to the patient. 
Some of the strategies for repair highlighted in this chapter can 
increase the chances of success. These strategies, which are inde-
pendent of the approach used, are summarized in Box 82-6. 
Using these strategies, we think that major improvements can be 
made in the treatment of this undesirable clinical condition can 
be made in the near future.

• Case selection

• Surgical experience, training opportunities

• Choice of less invasive procedures

• Steps taken to minimize chances of failure

• Use of interposition fl aps when possible

• Prioritization of postoperative uninterrupted bladder 
drainage

• Correct analysis of comparable series

Box 82-6 Strategies for Success
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Chapter 83

RECTOVAGINAL FISTULA
Matthew P. Rutman, Larissa V. Rodríguez, Donna Y. Deng, 
and Shlomo Raz

A rectovaginal fi stula consists of an abnormal, epithelium-lined 
communication between the rectum and the vagina. It represents 
an extremely distressing problem for the patient and a surgical 
challenge for the physician. The reconstructive pelvic surgeon 
must have a full understanding of rectovaginal fi stula to provide 
the patient with the most appropriate treatment option.

PATHOPHYSIOLOGY

It is important to consider the underlying cause of the rectovagi-
nal fi stula in preparing for a successful repair. The most common 
cause of rectovaginal fi stula remains obstetric trauma,1,2 usually 
caused by an unrecognized injury with traumatic vaginal de-
livery, wound infection, or an inadequate repair of a third- or 
fourth-degree perineal laceration. Up to 5% of vaginal deliveries 
result in these lacerations. Most heal when repaired at the time 
of labor. Prolonged labor and compression can result in ischemic 
necrosis of the vaginal septum, predisposing the delivering 
woman to development of a rectovaginal fi stula. This is a greater 
concern in developing nations and likely not a large factor in 
industrialized countries such as the United States and Canada.

Vaginal, rectal, and pelvic operations, such as rectocele repair, 
low anterior resection, and hemorrhoidectomy, may lead to rec-
tovaginal fi stula as a result of intraoperative injury or postopera-
tive infection. Rectovaginal fi stula can result from nonobstetric 
blunt and penetrating trauma. Infl ammatory processes of the 
bowel, such as diverticulitis, Crohn’s disease, and ulcerative 
colitis, can produce a rectovaginal fi stula.

Rectal, cervical, uterine, and vaginal malignancy and radiation 
therapy are known causes of rectovaginal fi stulas. The incidence 
of rectovaginal fi stula after irradiation is 0.3% to 6%.3,4 The 
fi stula may occur up to 2 years after irradiation because of pro-
gressive radiation damage. Any fi stula associated with radiation 
therapy and malignancy must be biopsied to rule out recurrent 
malignancy before formal repair.

Infl ammatory or infectious processes near the rectovaginal 
septum or cul-de-sac may result in formation of a rectovaginal 
fi stula. Prolonged use of a vaginal pessary can result in a recto-
vaginal fi stula.

The location of rectovaginal fi stulas may mandate a particular 
surgical approach. The fi stula may be in the high, middle, or low 
rectal region. Most fi stulas associated with obstetric trauma are 
classifi ed as low types. Diverticular disease and other intra-
abdominal pathologic conditions are associated with higher rec-
tovaginal fi stula. The high fi stula usually is associated with 
intra-abdominal conditions such as diverticulitis or abscess for-
mation, and it may require a laparotomy. The low fi stula of rectal 
origin can be repaired transvaginally, avoiding the morbidity of 
an abdominal approach.

EVALUATION

The diagnosis is obvious in patients with a large rectovaginal 
fi stula because bowel content is evacuated through the vagina. 
Patients with a smaller fi stula may be completely 
asymptomatic.

A thorough history and physical examination are mandatory 
for every patient suspected of having a fi stula. The interview 
should include questions about prior malignancy, radiation 
therapy, complicated obstetric history, infl ammatory bowel 
disease, and prior anorectal surgery. Physical examination should 
reveal the size, location, and number of fi stulous tracts. The peri-
neal body must be examined to determine the function and tone 
of the anal sphincter. Bimanual examination allows the physician 
to palpate the thickness of the perineal body and identify the 
fi stula. Multiple fi stulas and perianal fi ssures may suggest Crohn’s 
disease. If the fi stula is not easily identifi ed, vaginal speculum 
examination should be performed.

If the diagnosis is still in doubt, a dye test can be performed. 
Methylene blue dye is instilled into the rectum, and a tampon 
or sponge inserted into the vagina. Staining of the pad confi rms 
the diagnosis and can be helpful in identifying a small fi stula. 
Proctoscopy, colonoscopy, barium examination, and computed 
tomography should be performed if indicated. Any area of 
suspicious infl ammation, ulceration, or mass should be biopsied 
to rule out a malignant process or recurrence. Examination 
under anesthesia can be performed to make the diagnosis if all 
of the previous measures fail and the physician still suspects a 
fi stula.

Before formal repair, it is necessary to evaluate the patient for 
fecal incontinence. A review of 52 patients at the University of 
Minnesota revealed a 48% incidence of coexistent fecal inconti-
nence.5 Among women who develop rectovaginal fi stula after 
obstetric trauma, the incidence is probably much higher. It is 
essential to assess the function of the anal sphincter before surgi-
cal repair. Endoanal ultrasonography, anal manometry, and 
pudendal nerve terminal motor latency testing remain valuable 
tools to aid with the clinical evaluation. Ultrasound can easily 
identify defects in the internal anal sphincter. Defects in the 
external anal sphincter are more diffi cult to identify because of 
the hyperechoic pattern. Manometry can help quantify the resting 
and squeezing pressures of the sphincter muscle. Pudendal nerve 
testing helps identify underlying neuropathy.

PREOPERATIVE CONSIDERATIONS

Management of rectovaginal fi stulas depends on several factors: 
cause, size, number, and location of the fi stulas and the surgeon’s 
preference. Anal sphincter integrity and prior operations 
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infl uence the choice of treatment. Regardless of the approach 
chosen, several principles require consideration before repair.

Antibiotic coverage and topical hormonal replacement help 
optimize the health of local tissues and decrease any associated 
infection and infl ammation. The health of the surrounding 
tissues infl uences the waiting period before surgical repair. Any 
infl ammation or infection should be resolved. Waiting 3 to 6 
months in these cases allows resolution and increases the chance 
of successful repair. In patients with prior failed repair, a longer 
waiting period may be necessary. In patients with postirradiation 
rectovaginal fi stulas, a much longer waiting period may be 
required. Patients with complex fi stulas (e.g., large size, radiation 
induced, neoplasm induced, multiple failed repairs) may require 
a diverting colostomy before formal repair. After diversion, a 
waiting period of 2 to 3 months before vaginal repair allows local 
tissue healing. Complete bowel preparation is given before 
surgery.

Excellent exposure allows good mobilization of tissue fl aps. 
The fi stulous tract should be exposed in its entirety and left 
intact. We tend to not excise the tract. This prevents iatrogenic 
enlargement of the fi stula and allows us to use it in our repair. 
The rectal opening is closed in multiple, tension-free layers. 
Interposition of healthy tissue between the rectum and vagina 
should be used routinely. Common sources include labia fatty 
tissue (i.e., Martius fl ap), labial skin and underlying fatty tissue, 
gluteal skin, gracilis muscular fl aps, and omentum. Case reports 
have described pudendal thigh fasciocutaneous island fl aps and 
gluteal-fold fl ap repairs to aid in rectovaginal fi stula repair.6,7 
Several common techniques of tissue interposition can be found 
in Chapters 81 and 82. After closure of the fi stula, anal sphinc-
ter defects should be addressed to restore normal sphincter 
function.

SURGICAL REPAIRS

Surgical options can be divided into transvaginal repair, trans-
anal repair, transperineal repair, and abdominal repair. Recon-
structive urologists and gynecologists typically use a transvaginal 
approach, whereas colorectal surgeons prefer a transanal 
approach. An abdominal approach is often used in treating 
radiation-induced rectovaginal fi stulas. We use a multilayered 
transvaginal approach, avoiding the morbidity of a laparotomy, 
in most rectovaginal fi stula repairs.

Complete bowel preparation is done, and antibiotics are given 
preoperatively. The patient is given general or spinal anesthesia 
and placed in the high lithotomy position. A Foley catheter is 
placed in the bladder. Use of a surgeon’s headlight and a ring 
retractor help to optimize exposure. A Foley catheter is inserted 
into the fi stulous tract (Fig. 83-1). A circumferential incision is 
made around the Foley catheter, and the tract is dissected to the 
rectal wall (Fig. 83-2). A fl ap of distal vaginal is also prepared. 
The fi stulous tract is then excised, leaving the rectal wall with an 
indwelling catheter (Fig. 83-3). The rectal wall is closed in two 
layers using 2-0 absorbable sutures (Fig. 83-4). The levator mus-
culature is included in the closure.

A Martius fl ap is prepared. A vertical incision is made lateral 
to the labia, and a fi brofatty fl ap is developed and isolated, pre-
serving the inferior vascular pedicle (Fig. 83-5). The fl ap is then 
tunneled through the vagina and rotated to cover the fi stula. 
Interrupted sutures are used to fi x the fl ap to the rectal wall. The 
wound is then closed in layers, advancing the vaginal wall distally 

and ensuring new tissue covers the area of the fi stula (Fig. 83-6). 
Vaginal packing is left for a few hours, and the patient resumes 
a regular diet. Oral antibiotics are continued for 1 week. For 
patients who had a prior diverting colostomy, we routinely wait 
3 to 6 months before takedown. Physical examination and a 
radiographic contrast study confi rm complete healing of the 
fi stula.

Intraoperative complications are rare. If tissue quality is poor 
intraoperatively (because of infection or irradiation), the surgery 
should be aborted and a diverting colostomy performed to allow 
tissue healing. Postoperative complications include recurrent 

Figure 83-1 The fi stulous tract is catheterized.

Figure 83-2 The circumferential incision is dissected to the rectal 
wall.
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fi stula. Recurrent fi stula requires a diverting colostomy, if not 
previously performed, before re-exploration.

A second transvaginal approach includes inversion of the 
fi stula. The patient is placed in the lithotomy position as described 
earlier. The vaginal mucosa is incised in a circumferential fashion 
around the fi stula and mobilized in all directions. After excising 
the fi stulous tract, a purse-string suture is placed around the 
opening of the rectovaginal septum, and the suture is secured, 
inverting the fi stula into the rectum. The muscle and vaginal 
mucosa are then closed, resulting in three layers of repair.8

Case reports have reported successful use of cadaveric dermal 
allograft9 interposition and porcine dermal graft interposition10 
Dexon mesh has been used to separate the suture lines between 

the vaginal and rectal walls.11 These may be viable alternatives to 
traditional autologous fl aps.

Although not commonly used by urologists and gynecologists, 
colorectal surgeons often advocate a transanal approach. The 
most common of the approaches uses an advancement fl ap.12 The 
patient is given standard antibiotics and mechanical bowel prepa-
ration preoperatively. After general anesthesia is provided, the 
patient is placed in the prone jackknife position. The vagina and 
perineum are cleansed in standard sterile fashion. Proctoscopy 
identifi es the fi stula and allows irrigation of the lower rectum to 
clear any residual fecal contents. Rectal retractors help optimize 
exposure. Injectable Xylocaine with epinephrine is infi ltrated 
into the dissection planes. A trapezoidal fl ap consisting of mucosa, 
submucosa, and internal sphincter (i.e., circular muscle) is raised 

Figure 83-3 Excision of a fi stulous tract.

Figure 83-4 Closure of the rectal wall.

Figure 83-5 The Martius fl ap is based on an inferior vascular 
pedicle.

Figure 83-6 The vaginal wall fl ap is advanced to cover the fi stula.
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around the fi stula and mobilized 4 to 5 cm cephalad. The fl ap 
should easily advance to cover the fi stula tract, and any tension 
should be avoided. Excess fl ap, including the fi stula itself, is 
excised, and the remaining fl ap is advanced and sutured with 3-0 
absorbable sutures. The vaginal aspect of the fi stula is left open 
for drainage.

Layered closure can be performed transanally.13 A transverse 
elliptical incision is made around the fi stula through the recto-
vaginal septum. It is dissected circumferentially for about 3 cm. 
The fi stula tract is excised, and a two-layer closure is performed. 
The rectal mucosa is then advanced distal to the deeper portion 
of the repair and reapproximated.

Transperineal approaches can be organized into three catego-
ries: fi stulotomy, perineoproctotomy, and sphincteroplasty. 
Fistulotomy converts a fi stula into a fourth-degree perineal 
laceration, resulting in fecal incontinence due to sphincter 
damage. This procedure is not recommended as a solo primary 
approach.

Perineoproctotomy with layered closure is a commonly used 
transperineal technique.1 It is often used by obstetricians for 
repair of lower vaginal rectovaginal fi stulas. The patient is pre-
pared with standard antibiotics and bowel preparation and placed 
in the lithotomy position. The fi stula is identifi ed, and the bridge 
of skin, sphincter, and perineal body between the posterior four-
chette and fi stula are divided. The fi stula becomes a fourth-degree 
perineal laceration. The fi stulous tract is excised, and the defect 
is then closed in standard layered fashion (i.e., vaginal wall, 
sphincter muscle, and rectal mucosa). The perineal body is 
reconstructed. Postoperative complications include vaginal 
stenosis and dyspareunia. Fecal incontinence may result with 
scarring of the transected anal sphincter.

Sphincteroplasty performed through a transperineal approach 
allows correction of any underlying sphincter defect.14 The patient 
is prepared as previously described and placed under general 
anesthesia. A Foley catheter is placed, and the patient is placed 
prone in the jackknife position. A curvilinear incision is made 
through the perineum. A fl ap of anoderm distally and mucosa 
and submucosa proximally is raised. The ends of the sphincter 
(external and internal) muscles are identifi ed laterally and left 
intact. Levatoroplasty is often needed at this stage of the surgery 
if the injury involves the deep external sphincter muscle. The 
ends of the mobilized sphincter muscles are sutured in an over-
lapping manner using horizontal mattress sutures. This recon-
structs the sphincter mechanism. Tissue is then interposed 
between the rectum and vagina. The endorectal fl ap is sutured to 
the reconstructed sphincter muscle, and the perineal incision is 
closed. The vaginal mucosa is left open to drain.

Transabdominal procedures to repair rectovaginal fi stula are 
necessary for complex fi stulas resulting from irradiation, infl am-
matory bowel disease, and failed previous repairs. Surrounding 
tissues are often poorly vascularized, and local repair is a poor 
option. Abdominal approaches leave the anal sphincter intact 
and allow easy interposition of well-vascularized tissues.

In patients with a high fi stula location and normal surround-
ing tissues (i.e., no irradiation or infl ammatory bowel disease), 
simple abdominal repair can be performed. A laparotomy is per-
formed, and the rectovaginal septum is mobilized. The diseased 
segment is divided, and layered closure of the rectal and vaginal 
defects is performed. Omentum is interposed between the rectum 
and the vagina.

Most commonly, an abdominal approach is chosen because 
of poor local tissue quality. These approaches are typically per-

formed after a primary diverting colostomy has been done or 
concomitantly with fecal diversion. The abdominal approach 
allows repair of the fi stula with concomitant bowel resection. The 
patient undergoes complete bowel preparation, is given antibiot-
ics, and is placed under general anesthesia. A laparotomy is per-
formed. The splenic fl exure, left colon, and sigmoid colon are 
fully mobilized down to the levator hiatus. The diseased bowel 
segment is resected. At this point, a coloanal anastomosis is per-
formed by a pull-through15,16 or sleeve anastamosis.17

A non-resectional onlay patch technique was introduced 
by Bricker and Johnson in 1979 for radiation-induced recto-
va ginal fi stula.18 The rectosigmoid colon is divided and an end-
sigmoid colostomy performed. The distal end is then folded and 
sutured to the exposed and débrided edges of the fi stulous 
opening in the rectum. At a later stage, after healing is confi rmed, 
the colostomy is taken down and anastomosed to the side of the 
folded loop of the rectosigmoid. The major downfall of this 
procedure is that it leaves behind irradiated tissue, and it is rarely 
used today.

For patients with a fi stula resulting from a neoplasm, abdomi-
noperineal resection and vaginectomy are typically required. 
Patients with severe infl ammatory bowel disease may ultimately 
require proctocolectomy. Patients with terminal malignancies or 
major medical comorbidities (i.e., unfi t for major surgery) and 
symptomatic rectovaginal fi stulas may be best served by a divert-
ing colostomy.

ALTERNATIVE TREATMENTS

Alternative procedures for rectovaginal fi stula have been described 
in the literature. Fibrin glue has been injected into the fi stulous 
tract, with reported success rates of 74% and 80%.19,20 In patients 
with Crohn’s disease, several medical regimens have been studied. 
Sands and colleagues21,22 reported fi stula closure with infl iximab 
infusion in 13 of 29 patients after 14 weeks of follow-up. Similar 
improvements have been reported with intravenous and oral 
cyclosporine.23,24 Metronidazole and 6-mercaptopurine have 
been used to effectively treat rectovaginal fi stula resulting from 
Crohn’s disease.25

The Latzko technique used in vesicovaginal fi stula repair can 
also be used to repair a high rectovaginal fi stula located at the 
apex of the vagina. The anterior and posterior vaginal walls are 
denuded, and an incision is made around the fi stula margins. 
Three layers of closure invert the fi stula, close the rectal muscle 
and fascia, and close the vaginal mucosa.

RESULTS

The many different approaches to repair of rectovaginal fi stula 
have various success rates and outcome measures. Success 
should be evaluated according to objective measures and the 
results of self-reported questionnaires about patient satisfac-
tion. Successful repair of the fi stula sounds great, but secondary 
fecal incontinence or dyspareunia may alter the outcome. The 
existing literature primarily reports success or failure based on 
healing of the rectovaginal fi stula. Future reports should report 
on fi stula healing, fecal continence, sexual function, and quality 
of life.

Transvaginal repairs using a layered closure have success rates 
of 84% to 100%.2,26-28 Advancement fl aps placed by means of a 
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transanal approach have success rates in the range of 78% to 
100%.29-31 The rates were higher for patients undergoing initial 
repair.32 Success rates of 88% to 100% have been reported for 
perineoproctotomy and layered closure.1,2,8,33-35 The combination 
of sphincteroplasty and levatoroplasty has a success rate of 93%.32 
Transabdominal repairs also have high cure rates, in the range of 
80% to 100%.4,17,36

CONCLUSIONS

The management of rectovaginal fi stulas remains a challenge for 
the reconstructive pelvic surgeon. The decision-making algo-
rithm must include the size, location, and cause of the fi stula. 
The health of the patient and judgment of the treating physician 
greatly infl uence successful repair and a good outcome.
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Chapter 84

URETEROVAGINAL FISTULA
David Ginsberg

DEFINITION AND INCIDENCE

A ureterovaginal fi stula is an abnormal communication between 
the distal ureter and the vagina that results in urinary inconti-
nence. Formation is often preceded by pelvic surgery, with an 
unrecognized ureteral injury occurring at the time of surgery. 
Damage to the ureter can lead to ureteral obstruction or leakage 
of urine at the site of injury. The urine often makes its way out 
through the vaginal cuff, which ultimately results in the forma-
tion of the ureterovaginal fi stula.

Ureteral injury has occurred in about 0.5% to 1% of all pelvic 
surgeries.1 Total abdominal hysterectomy is the most common 
procedure leading to injury to the ureter and subsequent uretero-
vaginal fi stula, accounting for 75% of all cases in one study.2 
Enlarged uteri, pelvic adhesions, and signifi cant intraoperative 
bleeding also appear to increase the risk of ureteral injury at the 
time of gynecologic surgery.3 Other operations that may lead to 
ureterovaginal fi stula include anterior colporrhaphy, colorectal 
surgery, and oophorectomy. Obstetric causes rarely lead to ure-
terovaginal fi stula formation and are primarily attributed to 
cesarean section (especially after prior cesarean section),3 
although traumatic vaginal delivery has been reported as a cause 
of ureterovaginal fi stula.4 Other unusual causes of ureterovaginal 
fi stula include vaginal foreign body5 and residual stone fragments 
after shockwave lithotripsy.6 Radiation therapy by itself or in 
conjunction with surgery can place a patient at risk for ureteral 
injury and subsequent formation of ureterovaginal fi stula.7 Per-
sistent urinary leakage resulting from an injury to the ureter 
during any of these procedures places the patient at risk for 
developing an ureterovaginal fi stula. Later series looking at lapa-
roscopic pelvic surgery found a rate of ureteral injury of less than 
1% to 2%, with a much lower incidence of injury associated 
with diagnostic laparoscopy compared with laparoscopic 
intervention.8,9

The injury to the ureter usually occurs in the distal third. 
Types of injury include ischemia, transaction, excision, and 
ligation. Ischemia is most commonly associated with radical 
(Wertheim’s) hysterectomy, which requires the ureter to be 
stripped from its fascial encasement in the broad ligament. More 
commonly, the ureter is injured by a suture, with resultant 
extravasation leading to fi stula formation. The left ureter is much 
more at risk, and most prior series reveal ureterovaginal fi stula 
formation on the left three to fi ve times more often than on the 
right side. This increased risk to the left ureter is related to its 
course, which places it much closer to the cervix than the right 
ureter. Another common site of injury is at the level of the pelvic 
brim, where the ureter crosses the iliac vessels. Injury at this site 
is thought to occur during the manipulation and division of the 
infundibulopelvic ligament.3 Patients with pelvic infl ammatory 
disease, prior pelvic surgery, and other conditions that can distort 

the normal pelvic anatomy may be at greater risk for ureteral 
injury and subsequent fi stula formation.

PRESENTATION

In most series, patients with ureterovaginal fi stula present 1 to 4 
weeks after pelvic surgery with an acute onset of continuous 
incontinence. Many also void normally despite the continuous 
leak, because the bladder continues to fi ll normally through the 
contralateral ureter, which is usually uninvolved (bilateral ure-
terovaginal fi stulas are rare). The presentation of ureteral injury 
alone in the absence of fi stula formation is often missed because 
the symptoms are nonspecifi c. The most common symptoms of 
ureteral injury include abdominal pain, fl ank pain, and nausea, 
all of which can be easily overlooked and confused with post-
operative complaints after the initial surgery or masked by post-
operative narcotic use. Because symptoms of ureteral injury are 
nonspecifi c, a high degree of suspicion should be maintained for 
any patient with these complaints and prior pelvic surgery. Com-
plains about urinary incontinence should result in an evaluation 
to look for problems such as a vesicovaginal or ureterovaginal 
fi stula.

EVALUATION

Renal ultrasound may be helpful as a screening tool, but the 
result may be normal if distal obstruction is absent. The most 
commonly used modality to evaluate for ureteral injury is intra-
venous urography (IVU). It can identify n ureteral injury in most 
cases, and it enables evaluation of renal function and potential 
obstruction on the affected side (Fig. 84-1). IVU may not identify 
a ureterovaginal fi stula in every patient. Lask and colleagues10 
evaluated iatrogenic ureteral injuries in 44 patients, 10 of whom 
had a ureterovaginal fi stula. The fi stula was identifi ed in only 3 
of 10 patients undergoing IVU.10 These fi ndings highlight the 
importance of retrograde pyelography, which may be required to 
identify the fi stula in some patients.11 This is especially true if the 
IVU result is abnormal but does not reveal ureterovaginal fi stula 
and the patient complains of urinary incontinence after recent 
pelvic surgery.

Any obstruction at the level of the injury should be identifi ed 
because an untreated distal blockage makes spontaneous healing 
of the fi stula extremely unlikely. If conservative attempts at 
therapy are to be attempted, such as placement of a ureteral stent 
as discussed in the next section, the retrograde pyelogram can be 
done simultaneously. Computed tomography should be consid-
ered for patients who are systemically ill to evaluate for possible 
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urinoma or abscess formation, which should be percutaneously 
drained.

In addition to radiographic evaluation, the double-dye test 
can be used. This was initially described using intravenous indigo 
carmine,12 but it has been modifi ed to eliminate the need for 
intravenous access to perform the test. With the modifi ed test, a 
patient is given Pyridium orally until the urine turns orange. 
A tampon is placed vaginally, and the bladder is emptied with 
a catheter. Through that catheter, the bladder is fi lled with a 
mixture of 300 mL of normal saline and 5 mL of methylene blue 
dye. After 5 minutes, the bladder is emptied, and the tampon is 
removed and inspected. An orange stain at the top of the tampon 
indicates a ureterovaginal fi stula, a blue stain in the middle of 
the tampon indicates a vesicovaginal fi stula, and a blue stain at 
the distal tip of the vagina indicates leakage of urine through the 
urethra.13

ENDOSCOPIC THERAPY

A variety of minimally invasive therapies have been described for 
the management of ureterovaginal, and they have a wide range 
of results. The least invasive option is observation. This has been 
reported with periodic success in the past and was primarily used 
before the use of fl uoroscopy and modern endoscopic equipment 
made ureteral stent placement commonplace.11,14,15 Clinical and 
radiographic features that are likely to predict a successful 
outcome with nonsurgical management of a ureterovaginal 
fi stula include minimal to moderate obstruction on the affected 
side, a mild degree of periureteral extravasation, upper tract 
improvement on subsequent follow-up studies, adequate control 
of urinary tract infection, and the use of absorbable suture mate-
rial at the time of the initial procedure that caused the injury to 
the ureter.14 The risk of expectant management is stricture for-
mation, which may require regular dilations or, if not followed 
carefully, can lead to chronic obstruction, loss of kidney function, 
and the need for subsequent nephrectomy.16

Physicians had some success with a nephrostomy tube alone 
when a stent could not be passed by the area of ureteral occlusion. 
Nephrostomy tube placement protects the upper tracts if the 
patient is obstructed and has successfully led to ureterovaginal 
fi stula resolution in a small number of patients.10,11 This should 
be the fi rst option if the patient is too ill to undergo anesthesia 
and an attempt at retrograde stent placement. This technique 
protects the renal unit while the patients improves and can there-
fore allow stent placement at a later date through an antegrade 
approach.10

The increased likelihood of fi stula resolution with stent place-
ment (and not nephrostomy drainage alone) was elucidated by 
Dowling and coworkers.17 In this series, all six of the ureterovagi-
nal fi stulas that had a stent placed successfully (antegrade or 
retrograde) required no further therapy; all three patients 
managed with nephrostomy alone failed the primary mode of 
therapy and subsequently required surgical intervention.17 
Further evidence that nephrostomy drainage alone is insuffi cient 
was reported by Schmeller and associates18 in a review of 11 
patients with ureterovaginal fi stula. With this mode of manage-
ment, six patients had a persistent fi stula, and two had issues of 
ureteral stricture.18 It is unlikely that nephrostomy tube drainage 
alone will lead to spontaneous resolution of a ureterovaginal 
fi stula if the ureter is obstructed distally.

The goal of all minimally invasive therapy should be place-
ment of a stent across the fi stula and site of injury. This protects 
the kidney from potential damage from distal obstruction and 
can lead to spontaneous healing of the fi stula. Some studies have 
reported resolution of up to 100% of ureterovaginal fi stulas if the 
stent was left in place for an appropriate length of time.19,20 If the 
stent is successful, it is important to remember that these patients 
are at risk for ureteral stricture in the future, and they should be 
followed in the early period after stent removal with regular renal 
ultrasound examinations. This approach allows appropriate 
evaluation for the presence of de novo hydronephrosis, which 
can indicate stricture formation. With current endourologic 
techniques, it is likely that a stricture could be managed with 
endoscopic techniques alone, avoiding the need for open 
intervention.19

The primary diffi culty with most of these patients is stent 
placement. The injury that led to ureterovaginal fi stula formation 
is often obstructing and does not allow easy, retrograde passage 
of a ureteral stent. An antegrade approach can allow for stent 

Figure 84-1 Intravenous urography (IVU), with coned down view 
of the pelvis. The patient underwent total abdominal hysterectomy 
2 weeks earlier and now complains of fl ank pain and urinary 
incontinence. IVU demonstrates fullness of the distal ureter and 
an injury that has resulted in a ureteral leak and subsequent 
ureterovaginal fi stula.
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passage when this cannot be done in a retrograde fashion.21 
Chang and colleagues20 report successful resolution of ureteral 
fi stula with an antegrade stent approach in 10 of 12 patients and 
recommend a stent diameter of 8 to 12 Fr to minimize the risk 
of subsequent ureteral stricture formation. If the stent cannot be 
passed by a retrograde or antegrade approach, a combined 
approach can be performed. Ureteroscopic assistance may be 
invaluable22 and can be used in a “cut to the light” approach if 
the ureteral lumen is completely occluded.23 This can be done 
with ureteroscopes proximal and distal to the level of the occlu-
sion. If access to the kidney has yet to be obtained, this can be 
done with the patient in the prone split-leg position.23 However, 
if access to the kidney has already been obtained and a percutane-
ous nephrostomy tube is in place, this can be done with the 
patient in a modifi ed fl ank position to allow for simultaneous 
retrograde and antegrade approaches. Stents have been placed 
with passage of a wire from above through the strictured proxi-
mal segment and then retrieval from below with a ureteroscope; 
this technique requires only one ureteroscope and one surgeon, 
compared with cutting to the light, which is a two-surgeon pro-
cedure.24 Fluoroscopy should be used, and after continuity is 
reestablished, the strictured segment should be incised proximal 
and distal to the lesion. All of these techniques were successful 
with strictures less than 2 cm long, and they should be performed 
by surgeons comfortable with the various endoscopic techniques 
that may be required.

SURGICAL THERAPY

Open surgical intervention is indicated for patients who cannot 
be stented or in those who have failed attempts at minimally 
invasive therapy. How to defi ne a failure of conservative therapy 
has not been addressed in the literature. It is hard to imagine a 

ureterovaginal fi stula spontaneously healing if leakage continues 
after a stent is in good position, and most fi stulas that heal with 
drainage alone do so within 4 to 8 weeks after stent placement.19 
After it is clear that open surgery will be required, there is no 
reason to wait. Patients are bothered by the constant urinary 
leakage that occurs with this fi stula, and evidence supports the 
success of early surgical intervention.7,25,26 Surgical options include 
ureteroureterostomy, ureteroneocystostomy (often with a psoas 
hitch ureteral reimplant or Boari fl ap), ileal ureter, transuretero-
ureterostomy, and nephrectomy.

Surgical tenets that have been recommended in the past when 
repairing a ureterovaginal fi stula include the sacrifi ce of all 
abnormal ureter, no attempt to stay extraperitoneal, reestablish-
ment of continuity between the ureter and bladder, and adequate 
postoperative drainage.25 Excision of the affected segment of 
ureter and ureteroureterostomy is rarely indicated. The injury 
tends to be in the distal portion of the ureter, which does not 
lend itself to primary reanastomosis, and if done, it often results 
in postoperative ureteral stricture.

The most commonly performed intervention for the treat-
ment of the ureterovaginal fi stula is a ureteroneocystostomy. 
This allows for the injured distal area to be bypassed, obviating 
the need for to localize and dissect the injured portion of the 
ureter.

The method of ureteroneocystostomy depends on the level of 
ureteral injury or fi stula, the level at which healthy ureter is found 
distally, and the degree of bladder mobility. Most patients can be 
managed with a psoas hitch ureteral reimplant (Fig. 84-2). This 
allows a tension-free anastomosis in most patients, with the psoas 
hitch also decreasing any risk of ureteral kinking caused by exces-
sive bladder mobility. Goodwin and Scardino7 had a success rate 
of 100% for the 16 patients in their series treated with uretero-
neocystostomy. Bleland25 found that reimplantation of the ureter 
with an anti-refl uxing technique is preferable; however, a 

Psoas major m.

IVC Ao

A B C

R. ureter

Genitofemoral n.

Psoas minor
tendon

Figure 84-2 Diagram of psoas hitch ureteral reimplantation. A, The lateral attachments to the bladder on the side contralateral to the 
reimplantation side are taken down to allow for suffi cient bladder mobility. A wide-based anterior bladder wall fl ap is made with a 
curvilinear incision. B, The bladder wall is mobilized superiorly. The posterosuperior bladder wall is secured to the psoas tendon with 
interrupted sutures. C, The ureter is reimplanted, and the bladder incision is closed. (Modifi ed from Payne CK, Raz S: Ureterovaginal and 
related fi stulae. In McAninch JW [ed]: Traumatic and Reconstructive Urology. Philadelphia, WB Saunders, 1996.)
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ureteroneocystostomy without tunneling is unnecessary and is 
equally successful in regard to fi stula resolution.27,28 More impor-
tant than an anti-refl uxing anastomosis is a tension-free connec-
tion between the bladder and the ureter. Extra bladder mobility 
can be achieved with a psoas hitch by taking down the lateral 
attachments to the bladder on the side contralateral to the 
hitch.

If a psoas hitch is unable to reach the ureter without tension, 
another option is a Boari fl ap. One indication for using this pri-
marily is the fi nding of a pelvic abscess at the time of recon-
struction. The Boari fl ap allows the surgeon to perform the 
ureteroneocystostomy away from the infected fi eld of the abcess.11 
More complex procedures such as transureteroureterostomy, 
renal autotransplantation and ileal ureter interposition are avail-
able, but they are rarely needed for this patient population.

Nephrectomy is a last resort and is rarely needed for these 
patients, as shown in the evolution of literature. Lee and 
Symonds29 reported a nephrectomy rate of 48% in their review, 
with most nephrectomies performed before 1958. This rate 

decreased to 5% as reported by Goodwin and Scardino in 1980,7 
and in current series, the rate is essentially zero among patients 
able to maintain appropriate follow-up.10,19

CONCLUSIONS

Ureterovaginal fi stula is a rare complication of pelvic surgery. It 
is most commonly seen after total abdominal and radical hyster-
ectomy. Because symptoms of ureteral injury can be vague in the 
initial postoperative period, the physician should remain alert to 
the possibility, especially in patients with new-onset incontinence 
1 to 2 weeks after pelvic surgery. The diagnosis can be made 
radiographically with IVU or retrograde pyelography or though 
the use of the double-dye test. Initial therapy with stent place-
ment allows healing of the fi stula in a high percentage of patients. 
If this is not possible, defi nitive therapy can be achieved with 
ureteroneocystostomy, usually in conjunction with a psoas hitch, 
with a high rate of success.

References

 1. Mattingly RF, Borkowf HI: Acute operative injury to the lower 
urinary tract. Clin Obstet Gynaecol 5:123, 1978.

 2. Symmonds RE: Ureteral injuries associated with gynecologic surgery: 
Prevention and management. Clin Obstet Gynecol 19:623, 1976.

 3. Meirow D, Moriel EZ, Zilberman M, Farkas A: Evaluation and treat-
ment of iatrogenic ureteral injuries during obstetric and gynecologic 
operations for nonmalignant conditions. J Am Coll Surg 178:144, 
1994.

 4. Hosseini SY, Roshan YM, Safarinejad MR: Ureterovaginal fi stula 
after vaginal delivery. J Urol 160:829, 1998.

 5. Binstock MA, Semrad N, Dubow L, Watring W: Combined vesico-
vaginal-ureterovaginal fi stulas associated with a vaginal foreign 
body. Obstet Gynecol 76:918, 1990.

 6. Kumar RV, Kumar A, Banerjee GK: Ureterovaginal fi stula: An 
unusual complication of stone fragments after extracorporeal shock 
wave lithotripsy in situ. J Urol 152:2096, 1994.

 7. Goodwin WE, Scardino PT: Vesicovaginal and ureterovaginal fi stu-
las: A summary of 25 years of experience. J Urol 123:370, 1980.

 8. Wang PH, Lee WL, Yuan CC, et al: Major complications of operative 
and diagnostic laparoscopy for gynecologic disease. J Am Assoc 
Gynecol Laparosc 8:68, 2001.

 9. Harkki-Siren P, Sjoberg J, Kurki T: Major complications of laparos-
copy: A follow-up Finnish study. Obstet Gynecol 94:94, 1999.

10. Lask D, Abarbanel J, Luttwak Z, et al: Changing trends in the man-
agement of iatrogenic ureteral injuries. J Urol 154:1693, 1995.

11. Mandal AK, Sharma SK, Vaidyanathan S, Goswami AK: Uretero-
vaginal fi stula: Summary of 18 years’ experience. Br J Urol 65:453, 
1990.

12. Raghavaiah NV: Double-dye test to diagnose various types of vaginal 
fi stulas. J Urol 112:811, 1974.

13. O’Brien WM, Lynch JH: Simplifi cation of double-dye test to diag-
nose various types of vaginal fi stulas. Urology 36:456, 1990.

14. Peterson DD, Lucey DT, Fried FA: Nonsurgical management of 
ureterovaginal fi stula. Urology 4:677, 1974.

15. Hulse CA, Sawtelle WW, Nadig PW, Wolff HL: Conservative man-
agement of ureterovaginal fi stula. J Urol 99:42, 1968.

16. Millin T: The ureter, the gynaecologist and the urologist. Proc R Soc 
Med 42:37, 1949.

17. Dowling RA, Corriere JN Jr, Sandler CM: Iatrogenic ureteral injury. 
J Urol 135:912, 1986.

18. Schmeller NT, Gottinger H, Schuller J, Marx FJ: Percutaneous neph-
rostomy as primary therapy of ureterovaginal fi stula. Urologe A. 
22:108, 1983.

19. Selzman AA, Spirnak JP, Kursh ED: The changing management of 
ureterovaginal fi stula. J Urol 153:626, 1995.

20. Chang R, Marshall FF, Mitchell S: Percutaneous management of 
benign ureteral strictures and fi stulas. J Urol 137:1126, 1987.

21. Lang EK: Diagnosis and management of ureteral fi stulas by percu-
taneous nephrostomy and antegrade stent catheter. Radiology 
138:311, 1981.

22. Koonings PP, Huffman JL, Schlaerth JB: Ureteroscopy: A new asset 
in the management of postoperative ureterovaginal fi stulas. Obstet 
Gynecol 80:548, 1992.

23. Lingeman JE, Wong MYC, Newmark JR: Endoscopic management 
of total ureteral occlusion and ureterovaginal fi stula. J Endourol 
9:391, 1995.

24. Tsai CK, Taylor FC, Beaghler MA: Endoscopic ureterouretero-
stomy: long-term follow-up using a new technique. J Urol 164:332, 
2000.

25. Beland G: Early treatment of ureteral injuries found after gyneco-
logical injury. J Urol 118:25, 1977.

26. Blandy JP, Badenoch DF, Fowler CG, et al: Early repair of iatrogenic 
injury to the ureter or bladder after gynecological surgery. J Urol 
146:761, 1991.

27. Kihl B, Nilson AE, Pettersson S: Uretero-neocystostomy in the treat-
ment of postoperative uretero-vaginal fi stula. Acta Obstet Gynecol 
61:341, 1982.

28. Murphy DM, Grace PA, O’Flynn JD: Ureterovaginal fi stula: A 
report of 12 cases and review of the literature. J Urol 128:924, 
1982.

29. Lee RA, Symmonds RE: Ureterovaginal fi stula. Am J Obstet Gynecol 
109:1032, 1971.

Ch084-X2339.indd   824 2/4/2008   5:16:33 PM



Chapter 85

URETHRAL DIVERTICULA
Eric S. Rovner

Diverticula of the female urethra present some of the most chal-
lenging diagnostic and reconstructive problems in female urology. 
These cases can be simultaneously fascinating and frustrating. 
Urethral diverticula have a bewildering variety of clinical mani-
festations, ranging from completely asymptomatic, incidentally 
noticed lesions identifi ed on physical examination or radiographs 
to very debilitating, painful vaginal masses associated with incon-
tinence, stones, or tumors. Anatomic variations between patients 
and in the location, size and complexity of these lesions ensure 
that each case is unique (Fig. 85-1).

Although described as early as the 19th century,1 the modern 
era of diagnosing and treating female urethral diverticula began 
in 1956 with the advent of positive-pressure urethrography intro-
duced by Davis and Cian.2 Over the next several years, there was 
a dramatic increase in number of cases of urethral diverticula 
reported in the literature. Davis and Telinde’s3 series of 121 cases 
published in 1958 approximately doubled the number of cases 
reported during the previous 60 years. Development of adjuvant 
imaging techniques such as ultrasound and magnetic resonance 
imaging (MRI) during the past 3 decades has contributed greatly 
to understanding of urethral diverticula. With the expanding use 
of these imaging modalities, the diagnosis and evaluation of this 
condition continues to evolve. After the diagnosis is confi rmed, 
defi nitive therapy often consists of operative excision and recon-
struction. Successful surgical excision and reconstruction requires 
a detailed knowledge of the relevant operative anatomy, adher-
ence to basic surgical tenets, and an ability to be creative and 
sometimes even improvisational in the operating room.

ANATOMY OF THE FEMALE URETHRA

The normal female urethra is a musculofascial tube approxi-
mately 3 to 4 cm long. It extending from the bladder neck to the 
external urethral meatus, and it is suspended from the pelvic side 
wall and pelvic fascia (i.e., tendinous arc of the obturator muscle) 
by a sheet of connective tissue called the urethropelvic ligament. 
The urethropelvic ligament is composed of two layers of fused 
pelvic fascia that extend toward the pelvic side wall bilaterally 
(Fig. 85-2). This structure can be considered to have an abdomi-
nal side (i.e., endopelvic fascia) and a vaginal side (i.e., periure-
thral fascia). Within and between these two leaves of fascia lies 
the urethra.

The urethral lumen is lined by an epithelial layer that is a 
transitional cell type proximally and a nonkeratinized stratifi ed 
squamous cell type distally. The urethra can be considered to be 
a rich, vascular, spongy cylinder surrounded by an envelope of 
consisting of smooth and skeletal muscle and fi broelastic tissue.4 
Within the thick, vascular lamina propria-submucosal layer are 
the periurethral glands (Fig. 85-3). These tubuloaveolar glands 
exist over the entire length of the urethra posterolaterally, but 

they are most prominent over the distal two thirds, with most 
glands draining into the distal one third of the urethra. 
Skene’s glands are the largest and most distal of these glands. 
These glands drain outside the urethral lumen, lateral to the 
urethral meatus. Most acquired female urethral diverticula origi-
nate from pathologic processes involving the periurethral 
glands.

The urethra has several muscular layers: an internal longitu-
dinal smooth muscle layer, an outer circular smooth muscle 
layer, and a skeletal muscle layer. The skeletal muscle component 
spans much of the length of the urethra but is more prominent 
in the middle third. It has a U-shaped confi guration and is defi -
cient dorsally. Ventral to the urethra but separated from it by the 
periurethral fascia lies the anterior vaginal wall.

Arterial infl ow to the urethra derives from two sources. The 
proximal urethra has a similar blood supply as the adjacent 
bladder, whereas the distal urethra derives its blood supply from 

825

Figure 85-1 The postvoid fi lm after voiding cystourethrography 
demonstrates a collection of contrast below the bladder that 
suggests a urethral diverticulum.
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826 Section 9 FISTULAS AND DIVERTICULA

the terminal branches of the inferior vesical artery through the 
vaginal artery, which runs along the superior lateral aspect of the 
vagina. Lymphatic drainage of the female urethra is to the sacral 
lymph nodes, internal iliac nodes, and inguinal lymph nodes. 
Innervation to the female urethra is from the pudendal nerve (S2 
to S4), and afferents from the urethra travel by means of the 
pelvic splanchnic nerves.

URETHRAL DIVERTICULA

Pathophysiology and Etiology

As conceptualized by Raz and colleagues,4 a urethral diverti -
culum represents an epithelialized cavity dissecting within the 
confi nes of the fascia of the urethropelvic ligament. This defect 
is often an isolated cystlike appendage with a single, discreet 
connection to the urethral lumen, called the neck or ostia 
(Fig. 85-4). However, complicated anatomic patterns may exist, 
and in certain cases, the urethral diverticula may extend 
partially (i.e., saddlebag urethral diverticula) around the urethra, 
anterior to the urethra,5 or circumferentially about the urethra 
(Fig. 85-5).6

The exact origin of urethral diverticula is unknown. A major 
debate in the earlier part of the 20th century focused on whether 
urethral diverticula were congenital or acquired lesions.7-9 
Although this condition exists in children, it may represent a 
different clinical entity from adult female urethral diverticula. 
Scattered reports of congenital urethral diverticula in female 
infants have been described.10 Marshall11 reported fi ve cases of 
urethral diverticula in young females, and three diverticula 
underwent spontaneous regression. Congenital anterior urethral 
diverticulum is a well-described entity in boys,12-14 but this is 
considered to be a different clinical entity from urethral diver-
ticula in the female. Congenital Skene’s glands cysts have been 
reported15,16 but are considered to be rare. Diverticula in the 
pediatric population have been attributed to a number of con-
genital anomalies, including an ectopic ureter draining into a 
Gartner’s duct cyst and a form fruste of urethral duplication.17-19 
Most urethral diverticula are likely to be acquired and are diag-
nosed in female adults. In two large series of urethral diverticula, 
there were no patients reported who were younger than 10 years 
old,20,21 arguing against a congenital origin for these lesions. 
Although it is possible that there exists a congenital defect in 
patients that results in or represents a precursor to urethral diver-

Urethropelvic ligament (endopelvic and periurethral fascia)

Tendinous arc of
obturator

Vaginal wall

Urethra (with Foley)

Levator

Figure 85-2 Representative anatomy of the mid-urethra in a 
coronal plane.

Urethral “envelope”

Periurethral glands

Urethral lumen

Bladder lumen

Figure 85-3 Periurethral glands are located within the submucosa 
of the urethra deep to the muscular envelope. They drain distally 
but arborize proximally.

Urethropelvic ligament (endopelvic and periurethral fascia)

Tendinous arc of
the obturator Urethral

diverticulum Levator

Ostia or neck of the UD
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Figure 85-4 Diagram of a urethral diverticulum. The urethral 
diverticulum forms within and between the layers of the 
urethropelvic ligament.

Urethral diverticulum

Saddlebag
urethral diverticulum

Circumferential
urethral diverticulum

Figure 85-5 Different morphologies of urethral diverticula may 
exist.
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ticula that becomes symptomatic only later in life, it remains 
unproven.

There are many theories regarding the formation of acquired 
urethral diverticula. For many years, acquired urethral diver-
ticula were thought to be most likely caused by trauma from 
vaginal childbirth.22 It was postulated that mechanical trauma 
during vaginal delivery resulted in herniation of the urethral 
mucosa through the muscular layers of the urethra, with the 
subsequent development of a urethral diverticula. However, 20% 
to 30% of patients in some urethral diverticula series are nullipa-
rous,23,24 which may signifi cantly discount parity as a risk factor. 
Trauma with forceps delivery, however, has been reported to 
cause urethral diverticula,25 as has the endoscopic injection of 
collagen.26

The periurethral glands are the probable site of origin of 
acquired urethral diverticula.4 Huffman’s27 anatomic work with 
wax models of the female urethra were critical to the early theo-
ries regarding the pathophysiology of urethral diverticula and the 
involvement of the periurethral glands. By reviewing 10-μm 
transverse sections, he refuted earlier anatomic descriptions of 
the glandular anatomy of the female. He characterized the peri-
urethral glands as located primarily dorsolateral to the urethra, 
arborizing proximally along the urethra and draining into ducts 
located in the distal one third of the urethra (see Fig. 85-3). He 
found that periductal and interductal infl ammation was common. 
In support of these observations and an infectious (acquired) 
cause of urethral diverticula, in more than 90% of urethral diver-
ticula cases, the ostium is located posterolaterally in the middle 
or distal urethra, which corresponds to the location of the peri-
urethral glands.28,29

Although there are probably other factors that facilitate the 
initiation, formation, or propagation of urethral diverticula, 
infection of the periurethral glands seems to be the etiologic 
factor in most cases. Peters and Vaughn30 found a strong associa-
tion between concurrent or previous infection with Neisseria 
gonorrhea and urethral diverticula. However, the initial infection 
and especially subsequent reinfections may be caused by a variety 
of organisms, including E. coli, other coliform bacteria, and 
vaginal fl ora.

Urethral diverticula have been historically attributed to recur-
rent infection of the periurethral glands with obstruction, sub-
urethral abscess formation, and subsequent rupture of these 
infected glands into the urethral lumen. Continual fi lling and 
pooling of urine in the resultant cavity may result in stasis, recur-
rent infection, and eventual epithelialization of the cavity, forming 
a permanent urethral diverticulum. This concept was fi rst popu-
larized by Routh31 more than a century ago, and it has become 
the most widely accepted theory regarding the formation of 
female urethral diverticula. Reinfection, infl ammation, and 
recurrent obstruction of the neck of the cavity are theorized to 
result in patients’ symptoms and in enlargement of the diverticu-
lum. This proposed pathophysiology appears to adequately 
explain the anatomic location and confi guration of most urethral 
diverticula and is supported by the work of Huffman.27 However, 
Daneshgari and colleagues32 have reported noncommunicating 
urethral diverticula diagnosed by MRI. Whether this lesion rep-
resents a forme fruste of urethral diverticula or simply an 
obstructed urethral diverticula ostium is unclear.

Raz and colleagues4 formulated a modern hypothesis regard-
ing the pathogenesis of urethral diverticula through extensive 
clinical experience with this entity, including the diagnosis, 
imaging, and surgical repair of urethral diverticula. These inves-

tigators propose that acquired urethral diverticula result from 
infection and obstruction of the periurethral glands. These glands 
are normally found in the submucosal layer of the spongy tissue 
of the distal two thirds of the urethra. Repeated infection and 
abscess formation in these obstructed glands eventually result 
in enlargement and expansion. Initially, the expanding mass 
displaces the spongy tissue of the urethral wall and then enlarges 
to disrupt the muscular envelope of the urethra. This results in 
herniation into the periurethral fascia. The enlarging cavity can 
then expand and dissect within the leaves of the periurethral 
fascia and urethropelvic ligament. This expansion occurs most 
commonly ventrally, resulting in the classic anterior vaginal wall 
mass palpated on physical examination in some patients with 
urethral diverticula. However, the lesions may also expand later-
ally or even dorsally about the urethra. Eventually, the abscess 
cavity ruptures into the urethral lumen, resulting in the com-
munication between the urethral diverticula and the urethral 
lumen. An appreciation of the anatomy and pathophysiology of 
urethral diverticula is important in understanding the surgical 
approach to the excision and reconstruction of these lesions.

Prevalence

Moore33 stated that urethral diverticula as an entity is “found in 
direct proportion to the avidity with which it is sought.” Although 
no longer considered a rare lesion, fewer than 100 cases of ure-
thral diverticula were reported in the literature before 1950. With 
the development of sophisticated imaging techniques, including 
positive-pressure urethrography in the 1950s, the diagnosis of 
urethral diverticula became increasingly common.

The true prevalence of female urethral diverticula is unknown, 
but it is reported to occur in up to 1% to 6% of adult females in 
some series. Determining the true prevalence of urethral diver-
ticula would require appropriate screening and imaging of a large 
number of symptomatic and asymptomatic adult female subjects 
in a primary care setting, which has not been done. Bruning34 
found urethral diverticula in 3 of 500 female autopsy specimens. 
In 1967, Andersen reported the results of positive-pressure ure-
thrography on 300 women with cervical cancer but without 
lower urinary tract symptoms and found urethral diverticula in 
3%.35 Aldridge36 reported a prevalence of urethral diverticula 
in 1.4% of women presenting with incontinence and related 
symptoms. Stewart37 found urethral diverticula in 16 of 40 highly 
symptomatic females investigated with positive-pressure ure-
thrography. Endorectal coil MRI was performed on 140 consecu-
tive female patients with lower urinary tract symptoms, and the 
incidence of urethral diverticula was approximately 10%.38 
However, this represented a series of symptomatic females at a 
tertiary referral center, which probably did not refl ect the general 
population.

Some series have suggested a defi nite racial predilection, 
with blacks being as much as six times as likely to develop 
urethral diverticula as their white counterparts.20 The reasons for 
this racial distribution is not well understood. It has not been 
confi rmed in some modern case series, and it may refl ect referral 
bias at the urban academic centers in the original reported 
series.39

Diverticular Anatomy

Most commonly, urethral diverticula represent an epithelialized 
cavity with a single connection to the urethral lumen. The size of 
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the lesion may vary from only a few millimeters to several centi-
meters. The size may vary over time because of infl ammation and 
intermittent obstruction of the ostia with subsequent drainage 
into the urethral lumen.

The epithelium of urethral diverticula may be columnar, 
cuboidal, stratifi ed squamous, or transitional. In some cases, the 
epithelium is absent, and the wall of the urethral diverticula 
consists of only fi brous tissue. These lesions are found within the 
periurethral fascia bordered by the anterior vaginal wall ventrally. 
Urethral diverticula are most often located in the sagittal plane, 
and they are centered at the level of the middle third of the 
urethra, with the luminal connection or ostia located posterolat-
erally. They may extend distally along the vaginal wall almost to 

the urethral meatus or proximally up to and beyond the bladder 
neck, underneath the trigone of the bladder (Fig. 85-6). A bewil-
dering array of confi gurations can be identifi ed on imaging and 
at surgical exploration (Table 85-1). In the axial plane, the ure-
thral diverticula cavity may extend laterally along the urethral 
wall, and in some cases, they may extend around to the dorsal 
side of the urethra or wrap circumferentially around the entire 
urethra. Urethral diverticula may be bilobed (i.e., dumbbell 
shaped), extending across the midline in a so-called saddlebag 
confi guration (see Fig. 85-5). Multiple loculations are not uncom-
mon, and at least 10% of patients have multiple urethral diver-
ticula at presentation. Various degrees of sphincteric compromise 
may exist because of the location of diverticulum relative to the 

A

C

B

Figure 85-6 T2-weighted magnetic resonance images demonstrate a 
large urethral diverticulum extending to the trigone of the bladder in 
the sagittal (A), axial (B), and coronal planes (C).
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proximal and distal urinary sphincter mechanisms. This is a con-
sideration for surgical repair.

Presentation

Most patients with urethral diverticula present between the third 
and seventh decade of life.7,23,33,40,41 The presenting symptoms and 
signs of patients with urethral diverticula are protean (Box 85-1). 
The classic presentation of urethral diverticula has been described 
historically as the three Ds: dysuria, dyspareunia, and dribbling 
(postvoid). However, individually or collectively, these symp-
toms are neither sensitive nor specifi c for urethral diverticula. 
Although presentation is highly variable, the most common 
symptoms are irritative (e.g., frequency, urgency) lower urinary 
tract symptoms, pain, and infection.20,21,30,42 Dyspareunia is 
reported by 12% to 24% of patients.20,21 Approximately 5% to 
32% of patients complain about postvoid dribbling.20,23 Recur-

rent cystitis or urinary tract infection is a frequent presentation 
in one third of patients,20,23 likely due to urinary stasis in the 
urethral diverticula. Multiple bouts of recurrent cystitis should 
alert the clinician to the possibility of a urethral diverticulum. 
Other complaints include pain, a vaginal mass, hematuria, vaginal 
discharge, obstructive symptoms or urinary retention, and stress 
or urge incontinence. Up to 20% of patients diagnosed with 
urethral diverticula may be completely asymptomatic. Patients 
may present with complaints of a tender or nontender anterior 
vaginal wall mass, which on gentle compression may reveal 
retained urine or purulent discharge through the urethral meatus. 
Although spontaneous rupture of these lesions is rare, urethro-
vaginal fi stula may result under these circumstances.43

The size of the urethral diverticula does not correlate with 
symptoms. In some cases, very large urethral diverticula may 
result in minimal symptoms, and some urethral diverticula that 
are not palpable may result in considerable patient discomfort 
and distress. Symptoms may wax and wane and even resolve for 
long periods. The reasons for these exacerbations and remissions 
are poorly defi ned but may be related to periodic and repeated 
episodes of infection and infl ammation.

Because many of the symptoms associated with urethral diver-
ticula are nonspecifi c, patients may be misdiagnosed and treated 
for years for a number of unrelated conditions before the diag-
nosis of urethral diverticula is made. This may include therapies 
for interstitial cystitis, recurrent cystitis, vulvodynia, endometrio-
sis, vulvovestibulitis, and other conditions. In one series of 46 
consecutive women eventually diagnosed with urethral divertic-
ula, the mean interval from onset of symptoms to diagnosis was 
5.2 years.44 In this series, women consulted with an average of 
nine physicians before the defi nitive diagnosis was made, despite 
the fact that 52% of women had a palpable mass on examination. 
This underscores the importance of a baseline level of suspicion 
and a thorough pelvic examination in female patients complain-
ing of lower urinary tract symptoms or other symptoms that may 
be associated with urethral diverticula.

Evaluation and Diagnosis

The diagnosis and complete evaluation of urethral diverticula can 
be made with a combination of a thorough history; physical 
examination; appropriate urine studies, including urine culture 
and analysis; endoscopic examination of the bladder and urethra; 
and selected radiologic imaging. A urodynamic study may also 
be used in selected cases.

Table 85-1 Diverticular Morphology and Characteristics

Series
No. of

Patients
Size Range

(cm)

Axial Location (%) Number (%) Coronal Location

Anterior Lateral Posterior Single Multiple Proximal Mid

Lang and Davis28 108 N/A N/A N/A N/A N/A N/A 11 (10) 50 (46)
Hoffman and Adams45  60 0.5-5.0 N/A N/A N/A N/A N/A  4 (7) 29 (48)
Pavlica et al146  47 0.5-6.0 3 (6) 6 (13) 38 (81) 41 (87) 6 (13)  3 (6) 39 (83)
Kim et al147  16 0.9-4.5 5 (31)* N/A 11 (69) N/A N/A  4 (25) 10 (63)
Leach et al99  61 0.2-5.0 N/A N/A N/A 55 (90) 6 (10) 15 (25) 37 (60)

*Anterior and lateral.
N/A, not available.
Adapted from Westney OL, Leng WW, McGuire EJ: The Diagnosis and Treatment of Female Urethral Diverticulum, vol 20, lesson 37. Houston, TX, 
AUA Update Series, 2001, p 291.

Symptoms
Vaginal or pelvic mass
Pelvic pain
Urethral pain
Dysuria
Urinary frequency
Postvoid dribbling
Dyspareunia
Urinary urgency
Incontinence
Urinary hesitancy
Vaginal or urethral discharge
Double voiding
Sense of incomplete emptying

Signs
Recurrent urinary tract infections
Hematuria
Vaginal or perineal tenderness
Urinary retention
Vaginal mass
Urethral discharge with stripping of anterior vaginal wall

Box 85-1 Signs and Symptoms of 
 Urethral Diverticula
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Physical Examination
During physical examination the anterior vaginal wall should be 
carefully palpated for masses and tenderness. The location, size, 
and consistency of suspected urethral diverticula should be 
recorded. Most urethral diverticula are located ventrally over the 
middle and proximal portions of the urethra, corresponding to 
the area of the anterior vaginal wall 1 to 3 cm inside the introitus 
(Fig. 85-7). However, urethral diverticula also may be located 
anterior to the urethra or extend partially or completely around 
the urethral lumen. These particular confi gurations may have 
signifi cant implications when undertaking surgical excision and 
reconstruction. Urethral diverticula may extend proximally 
toward the bladder neck. The urethral diverticula may produce 
distortion of the bladder outlet and trigone of the bladder on 
cystoscopy or on radiographic imaging, and special care should 
be taken during surgical excision and reconstruction because of 
concerns about intraoperative bladder and ureteral injury and 
the potential for development of postoperative voiding dysfunc-
tion and urinary incontinence. More distal vaginal masses or 
perimeatal masses may represent other lesions, including abnor-
malities of Skene’s glands. The differentiation between these 
lesions sometimes cannot be made on the basis of a physical 
examination alone and may require additional radiologic imaging. 
A particularly hard anterior vaginal wall mass may indicate a 
calculus or cancer within the urethral diverticula, and it man-
dates further investigation. During physical examination, the 
urethra may be gently stripped or milked distally in an attempt 
to express purulent material or urine from within the urethral 
diverticula cavity. Although often described for the evaluation of 
urethral diverticula, this maneuver is not successful in producing 
the diagnostic discharge through the urethral meatus in most 
patients.39

The vaginal walls are assessed for atrophy, rugation, and elas-
ticity. Poorly estrogenized, atrophic tissues are important to 
identify if surgical treatment is being considered. These tissues 
are often surgically mobilized and may be used for fl aps during 
excision and reconstruction. The distal vagina and vaginal introi-
tus are also assessed for capacity. These factors may infl uence 
surgical planning because a narrow introitus can make surgical 
exposure diffi cult and may mandate an episiotomy. During the 
physical examination, a provocative maneuver to elicit stress 

incontinence should be performed, and the presence or absence 
of vaginal prolapse should be assessed.

Urine Studies
Urinalysis and urine culture should be performed. The most 
common organism isolated in patients with urethral diverticula 
is Escherichia coli. However, other gram-negative enteric fl ora 
and Neisseria gonorrhea, Streptococcus, and Staphylococcus are 
often present.3,45 A sterile urine culture does not exclude infection 
because these patients are often on antibiotic therapy at presenta-
tion. For patients with irritative symptoms or when a malignancy 
is suspected, urine cytology can be performed.

Cystourethroscopy
Cystourethroscopy is performed in an attempt to visualize 
the urethral diverticular ostia and to rule out other causes of the 
patient’s lower urinary tract symptoms. A specially designed 
female cystoscope can be helpful in evaluating the female urethra. 
The short beak maintains the discharge of the irrigation solution 
immediately adjacent to the lens, which aids in distention of the 
relatively short (compared with the male) urethra, permitting 
improved visualization. It may also be advantageous to compress 
the bladder neck while simultaneously applying pressure to the 
diverticular sac with an assistant’s fi nger. Luminal discharge of 
purulent material can often be seen with this maneuver or with 
simple digital compression of the urethral diverticula during ure-
throscopy. The urethral diverticular ostium is most often located 
posterolaterally at the level of the mid-urethra, but it can be very 
diffi cult to identify in some patients. The success rate in identify-
ing a diverticular ostium on cystourethroscopy is highly variable 
and is reported to be between 15% and 89%.20,23,39 Patients with 
urethral diverticula are often highly symptomatic, and endo-
scopic examination can be diffi cult to initiate or complete. A 
positive examination result may help in surgical planning, but 
the failure to locate an ostium on cystourethroscopy should not 
infl uence the decision to proceed with further investigations or 
surgical repair.

Urodynamics
For patients with urethral diverticula and urinary incontinence 
or signifi cant voiding dysfunction, a urodynamic study can be 
helpful.46-48 Urodynamics may document the presence or absence 
of stress urinary incontinence before repair. Approximately 50% 
of women with urethral diverticula are found to have stress 
urinary incontinence on urodynamic evaluation.23,49 A video 
urodynamic study combines a voiding cystourethrogram and a 
urodynamic study, consolidating the diagnostic evaluation and 
decreasing the number of required urethral catheterizations 
during the patient’s clinical workup. For patients undergoing 
surgery for urethral diverticula with coexistent, symptomatic 
stress urinary incontinence demonstrated on physical examina-
tion or by urodynamic study or for those found to have an open 
bladder neck on preoperative evaluation, concomitant anti-
incontinence surgery can be offered. Many investigators have 
described successful concomitant repair of urethral diverticula 
and stress incontinence in the same operative setting.23,49-51 Alter-
natively, on urodynamic evaluation, a small number of patients 
may have evidence of bladder outlet obstruction due to the 
obstructive or mass effects of the urethral diverticula on the 
urethra. Stress urinary incontinence may coexist with obstruc-
tion,52 but both conditions can be treated successfully with a 
carefully planned and executed operation. Urethral pressure pro-

Figure 85-7 Large anterior vaginal wall mass. The urethral catheter 
is seen superiorly and a weighted vaginal speculum is seen 
inferiorly. Scott retractor hooks are seen exposing the anterior 
vaginal wall in this operating room photo.
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fi lometry has also been used by some physicians to assess or 
diagnose patients with urethral diverticula by noticing a biphasic 
pattern at the level of the lesion during the study.47,48,53

Imaging

Critically important to the success of surgical treatment of female 
urethral diverticula is high-quality preoperative imaging. Along 
with its utility as a diagnostic entity, radiologic imaging should 
provide an accurate refl ection of the anatomy of the urethral 
diverticulum, including its relationship to the proximal urethra 
and bladder neck.

Several imaging techniques have been applied to the study of 
female urethral diverticula, and no single study can be considered 
the gold standard for this purpose. Each technique has relative 
advantages and disadvantages, and the ultimate choice of diag-
nostic study in many centers depends on several factors, includ-
ing local availability, cost, and the experience and expertise of the 
radiologist. Available techniques for the evaluation of urethral 
diverticula include double-balloon positive-pressure urethrogra-
phy (PPU), voiding cystourethrography (VCUG), intravenous 
urography (IVU), ultrasonography, and magnetic resonance 
imaging (MRI) with or without an endoluminal coil (eMRI).

Positive-Pressure Urethrography, Voiding 
Cystourethrography, and Intravenous Urography
Classically, double-balloon PPU had been considered to be the 
best study for the diagnosis and assessment of female urethral 
diverticula.2,21,23,54 With this technique, a highly specialized cath-
eter with two balloons separated by several centimeters is inserted 
into the female urethra (Fig. 85-8). This catheter contains a 
channel within the catheter that exits through a side hole between 
the two balloons. One balloon is positioned adjacent to the exter-
nal urethral meatus, and the other balloon is situated at the 
bladder neck. Both balloons are infl ated, sealing the urethral 
lumen. Contrast is then infused through the channel under slight 
pressure, distending the urethral lumen between the two balloons 
and forcing contrast into the urethral diverticula, thereby opaci-
fying the cavity. This highly specialized study provides outstand-
ing images of the urethra and urethral diverticula, and unlike 

VCUG, it does not depend on the patient successfully voiding 
during the study. However, PPU is not widely performed clini-
cally. It is a complicated study requiring a very specifi c type of 
modifi ed urethral catheter and expertise in the performance 
and interpretation of the study by the radiologist. It is invasive, 
requiring catheterization of the urethra, and in the setting of 
acute infl ammation commonly seen with female urethral diver-
ticula, it can cause considerable patient discomfort and distress. 
Noncommunicating urethral diverticula32 and loculations within 
existing urethral diverticula cannot be visualized with PPU 
because the contrast does not enter and fi ll these areas in the 
absence of a connection to the urethral lumen.

As an alternative to PPU, VCUG may provide excellent 
imaging of urethral diverticula (Fig. 85-9). It is widely available 
and is a familiar diagnostic technique to most radiologists. Sen-
sitivity for urethral diverticula with this technique varies from 
44% to 95%.23,55 After a scout fi lm, the bladder is fi lled through 
a urethral catheter. The catheter is removed at bladder capacity, 
and images of the bladder and bladder neck are obtained. Ideally, 
voiding images are obtained in the anteroposterior, lateral, and 
oblique projections. A postvoid fi lm is obtained. Although VCUG 
is probably the most widely used study for the diagnosis and 
evaluation of patients with known or suspected urethral diver-
ticula, it has several limitations. VCUG is invasive, requiring 
catheterization of the urethra for bladder fi lling. This can result 
in considerable patient discomfort and may risk translocating 
bacteria from an infected urethral diverticulum into the bladder 
during catheterization, resulting in bacterial cystitis. This is also 
a risk of PPU. Successful imaging of the urethral diverticulum 
occurs only during the voiding phase of the VCUG with subse-
quent fi lling of the urethra. Occasionally, only the postvoid fi lm 
demonstrates the urethral diverticulum.56-58 Not uncommonly, 
patients are somewhat inhibited or otherwise unable to void 
during VCUG for a variety of reasons, including pain from the 
initial urethral catheterization. Unfortunately, in the absence of 
contrast entering the urethra, opacifi cation of the diverticulum 
does not occur. An inability to generate an adequate fl ow rate 

Contrast

UD

Figure 85-8 Diagram of a double-balloon catheter. Balloons are 
infl ated at the bladder neck and external urethral meatus. Contrast 
is then infused through an additional port, and it exits through a 
side hole between the balloons, distending the urethral lumen 
under pressure and fi lling the urethral lumen and diverticulum (UD).

Figure 85-9 A voiding cystourethrogram demonstrates a urethral 
diverticulum (UD).
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during the VCUG results in suboptimal fi lling of the urethral 
diverticulum and an underestimation of its size and complexity 
(Fig. 85-10). Some urethral diverticula may not opacify after a 
technically successful VCUG because of acute infl ammation of 
the ostium or neck of the diverticulum or because the diverticu-
lum does not otherwise communicate with the urethral lumen. 
These noncommunicating urethral diverticula exist within the 

urethropelvic ligament and can be successfully imaged with 
cross-sectioning techniques such as MRI.32

Three studies have compared VCUG with PPU and concluded 
that PPU is a more sensitive test for urethral diverticula than 
VCUG.55,59,60 In one study of 32 patients, VCUG failed to dem-
onstrate the urethral diverticula in 69% of patients, whereas PPU 
failed to demonstrate the lesion in only 6%.55

A B

C D
Figure 85-10 Voiding cystourethrography (VCUG) and magnetic resonance imaging (MRI) demonstrated a large, circumferential urethral 
diverticulum (UD). VCUG (A) shows poor opacifi cation of the proximal urethra with suboptimal distention of the urethral diverticulum due 
to a poor voiding effort. Endoluminal MRI demonstrates the full extent and complexity of the lesion on the T2-weighted axial (B), midline 
sagittal (C), and parasagittal (D) images.
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IVU may be considered in patients in whom it is necessary 
to delineate the upper urinary tract or to rule out an ectopic 
ureterocele.61 The postvoid fi lm of the urogram can be helpful 
for the diagnosis of urethral diverticula in some patients.56,57

Ultrasound
Ultrasound has been advocated for the preoperative assessment 
of urethral diverticula.62-71 Abdominal, transvaginal, translabial, 
and transurethral techniques have been described. Transvaginal 
imaging often provides information regarding the size and loca-
tion of urethral diverticula. On ultrasonographic imaging, the 
urethral diverticulum appears as an anechoic or hypoechoic area 
with enhanced through transmission. Ultrasound is relatively 
noninvasive and does not expose the patient to radiation. Another 
signifi cant advantage of ultrasound is that successful imaging of 
urethral diverticula does not require voiding. However, ultra-
sound may not produce detailed, high-resolution images that 
demonstrate precise surgical anatomy. This study can be some-
what operator dependent. Transurethral ultrasound techniques 
are evolving and may provide an incremental improvement in 
resolution. Similar to PPU and VCUG, the transurethral tech-
niques are invasive because the ultrasound probe is placed per 
urethra and can cause patient discomfort and bacterial seeding 
of the lower urinary tract.

Magnetic Resonance Imaging

As an alternative to the radiologic investigations described 
previously, MRI permits relatively noninvasive, high-resolution, 
multiplanar imaging of urethral diverticula. Urethral diverticula 
appear as areas of decreased signal intensity on T1-weighted 
images compared with the surrounding soft tissues, and they 
have high signal intensity on T2-weighted images (see Fig. 
85-10). Additional advantages of MRI compared with PPU and 
VCUG are that successful imaging of urethral diverticula is 
wholly independent of voiding and free from ionizing radiation. 
Surface-coil (Fig. 85-11)72,73 and endoluminal techniques38,60,74,75 
have been described. Endoluminal imaging (eMRI) places the 
magnetic coil into a body cavity adjacent to the area of interest. 
This location produces an improved signal-to-noise ratio and 
high-resolution imaging of these areas.74,75 For the evaluation 
of urethral diverticula, the coil is placed intravaginally or 
intrarectally (Fig. 85-12). Surface-coil MRI and eMRI appear 
to be superior to VCUG and PPU in the evaluation of 
urethral diverticula,74,76,77 but the technology is expensive and 
not widely available. The few contraindications to MRI for 
urethral diverticula include metallic foreign body fragments, 
claustrophobia, and an inability to tolerate the endoluminal 
probe.

A B
Figure 85-11 Surface coil, T2-weighted magnetic resonance imaging demonstrates a urethral diverticulum in the sagittal (A) and axial (B) 
planes.
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Differential Diagnosis of Urethral Diverticula: 
Periurethral Masses Other Than Urethral Diverticula

Periurethral masses other than urethral diverticula comprise a 
wide spectrum of conditions that must be differentiated from 
each other and urethral diverticula. It may be possible to make a 
defi nitive diagnosis based on the history and physical examina-
tion alone; in other cases, judicious use of radiographic and cys-
toscopic studies is necessary to exclude urethral diverticula.

Vaginal Leiomyoma
Vaginal leiomyoma is a benign, mesenchymal tumor of the 
vaginal wall that arises from smooth muscle elements. It com-
monly manifests as a smooth, round mass on the anterior vaginal 
wall (Fig. 85-13). It is an uncommon lesion; approximately 
300 cases have been reported in the literature.78 In a series of 
79 patients with periurethral masses, 4 (5%) were found to have 
leiomyoma.79 These benign tumors were apparent on physical 
examination as freely mobile, nontender masses on the anterior 
vaginal wall. They may be misdiagnosed as urethral diverticula.80 
Symptoms, if they exist, are usually related to the size of the lesion 

and include a mass effect, obstruction, pain, and dyspareunia. 
They commonly present in the fourth to fi fth decade. Like uterine 
leiomyomas, these lesions are usually estrogen dependent and 
have been demonstrated to regress during menopause.81 Excision 
or enucleation78 using a vaginal approach is often curative and is 
recommended to confi rm the diagnosis, exclude malignant his-
tology, and alleviate symptoms.

Skene’s Gland Abnormalities
Skene’s gland cysts and abscesses are similar lesions that are dif-
ferentiated based on clinical fi ndings (Fig. 85-14). Both lesions 
manifest as small, cystic masses just lateral or inferolateral to the 
urethral meatus. They may be lined with transitional or stratifi ed 

Axial

Pubis

Urethra

UD

Vaginal coil

Sagittal

Figure 85-12 Sagittal and axial, T2-weighted endoluminal magnetic resonance images show the relevant anatomy of a patient with a 
urethral diverticulum (UD).

Figure 85-13 Large anterior vaginal wall leiomyoma.

Figure 85-14 Skene’s gland cyst in a 19-year-old woman. Notice 
the large periurethal mass with displacement of the urethral meatus.
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squamous epithelium. Abscesses may be extremely tender and 
infl amed, and in some cases, purulent fl uid can be expressed 
from the ductular orifi ce. Unlike urethral diverticula, these 
lesions do not communicate with the urethral lumen. Skene’s 
gland cysts may be seen in neonatal girls and young to middle-
aged female patients.16 Symptoms may include dysuria, dyspa-
reunia, obstruction, and pain. Differentiation from urethral 
diverticula can often be made on the basis of the physical exami-
nation, because these lesions are located relatively distally on 
the urethra, often distorting the urethral meatus, compared 
with urethral diverticula, which most commonly occur over the 
middle and proximal urethra. Various treatments for Skene’s 
glands abnormalities have been described, including aspiration, 
marsupialization, incision and drainage and simple excision.

Adenocarcinoma arising in Skene’s glands has been reported. 
Because of homology of these glands with the prostate, these 
patients may demonstrate elevated prostate-specifi c antigen 
(PSA) levels, which normalize with treatment.82

Gartner’s Duct Cysts
Gartner’s duct cysts represent mesonephric remnants and are 
found on the anterolateral vaginal wall from the cervix to the 
introitus. Because they are mesonephric remnants, they may 
drain ectopic ureters from poorly functioning or nonfunctioning 
upper-pole moieties in duplicated systems. They have been 
reported with single-system ectopia, although this is much less 
common in female patinets.83,84 It is not clear what proportion of 
patients with Gartner’s duct cysts have ipsilateral renal abnor-
malities, but upper tract evaluation is recommended. In contrast, 
approximately 6% of subjects with unilateral renal agenesis have 
a Gartner’s duct cyst.85 Up to 50% of patients with Gartner’s duct 
cysts and renal dysplasia may also have ipsilateral müllerian duct 
obstruction.86

Treatment depends on symptoms and association with ectopic 
ureters. If the lesions are asymptomatic and are associated with 
a nonfunctioning renal moiety, they can be observed. Aspiration 
and sclerotherapy have been successful.87 Simple excision or mar-
supialization has been recommended for symptomatic lesions. If 
the cyst is associated with a functioning renal moiety, treatment 
must be individualized.

Vaginal Wall Cysts
Vaginal wall cysts usually manifest as small, asymptomatic masses 
on the anterior vaginal wall.88 They may arise from multiple cell 
types: mesonephric (Gartner’s duct cysts), paramesonephric 
(müllerian), endometriotic, urothelial, or epidermoid (inclusion 
cyst) tissues. A specifi c diagnosis cannot be reliably made until 
the specimen is removed and examined by a pathologist. The 
histologic subtype is usually of little consequence, although epi-
dermoid cysts are usually associated with previous trauma or 
vaginal surgery. Pradhan and Tobon89 described the pathologic 
characteristics of 43 vaginal cysts removed from 41 women over 
a 10-year period. The derivation of the cyst was müllerian in 44%, 
epidermoid in 23%, and mesonephric in 11%. The others were 
Bartholin gland, endometriotic, and indeterminate types. As with 
other periurethral masses, they must be differentiated from ure-
thral diverticula. Treatment is usually by simple excision in 
symptomatic patients.

Urethral Mucosal Prolapse
Urethral prolapse manifests as a circumferential herniation or 
eversion of the urethral mucosa at the urethral meatus. The pro-

lapsed mucosa commonly appears as a beefy red, doughnut-
shaped lesion that completely surrounds the urethral meatus. It 
may be asymptomatic or manifest with bleeding, spotting, pain, 
or urinary symptoms. It is commonly seen in two populations: 
postmenopausal women and prepubertal girls. Although thought 
to be more common in young African American girls, later series 
do not confi rm this predilection.90,91 In children, it is often caus-
ally related to a Valsalva maneuver or constipation. Eversion of 
the mucosa may occur because of a pathologically loose attach-
ment between smooth muscle layers of the urethra.92 The cause 
is much less clear for postmenopausal women, although it has 
been epidemiologically linked to estrogen defi ciency.

Treatment may be medical or surgical. Medical treatment 
involves topical creams (e.g., estrogen, anti-infl ammatory oint-
ment) and sitz baths. Various surgical techniques have been 
described, including cauterization, ligation around a Foley cath-
eter, and complete circumferential excision. Circumferential 
excision with suture reapproximation of the remaining urethral 
mucosa to the vaginal wall can be performed with few complica-
tions. Rudin and colleagues91 reported outcomes for 58 girls with 
urethral prolapse. Medical treatment was initially successful in 20 
patients, among whom there were fi ve recurrences. The remain-
ing 38 patients failed initial conservative management and under-
went surgical excision, with four complications, including 
urethral stenosis in two. Jerkins and coworkers93 found superior 
results in surgically treated patients compared with medical man-
agement or catheter ligation.

Urethral Caruncle
Urethral caruncle is an infl ammatory lesion of the distal urethra 
that is most commonly diagnosed in postmenopausal women. It 
usually appears as a reddish, exophytic mass at the urethral 
meatus that is covered with mucosa. These lesions are often 
asymptomatic and identifi ed incidentally on gynecological exam-
ination. When irritated, they may cause underwear spotting or 
become painful. Less commonly, they may cause voiding symp-
toms. They are etiologically related to mucosal prolapse. Chronic 
irritation contributes to hemorrhage, necrosis, and infl ammatory 
growth of the tissue, which corresponds to the histology of 
excised lesions. If the lesion is atypical in appearance or behavior, 
excision may be warranted to exclude other entities. Intestinal 
metaplasia, tuberculosis, melanoma, and lymphoma have been 
reported to coexist with or mimic urethral caruncles.94-98

There is a paucity of literature regarding optimal treatment of 
urethral caruncle. Most urologists recommend initial conserva-
tive management with topical estrogen or anti-infl ammatory 
creams and sitz baths. Large or refractory lesions may be managed 
with simple excision. The tip of the lesions should be grasped and 
traction employed to fully expose the base of the caruncle. The 
lesion can then easily be excised. If a large defect remains, the 
mucosa may be reapproximated with absorbable suture. In most 
instances, the urethral mucosa heals around a Foley catheter, 
which may be left in place for several days.

Classifi cation of Urethral Diverticula

Although not widely adopted, a classifi cation system for urethral 
diverticula has been proposed by Leach and associaties.99 This 
staging system for urethral diverticula, called the L/N/S/C3 clas-
sifi cation system, is similar to that used for cancer staging and is 
based on several characteristics of urethral diverticula, including 
location, number, size, anatomic confi guration, site of commu-
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nication to the urethral lumen, and continence status of the 
patient. This system attempts to standardize description of ure-
thral diverticula, but it has not been prospectively applied or 
validated by other investigators. Another proposed classifi cation 
scheme uses the location of the urethral diverticula as the primary 
determinant of surgical approach, with distal lesions undergoing 
marsupialization and more proximal lesions undergoing excision 
and reconstruction.40

A classifi cation system proposed by Leng and McGuire100 
divides urethral diverticula into two categories based on the pres-
ence or absence of a preserved periurethral fascial layer. In some 
patients with urethral diverticula who have undergone prior 
vaginal or urethral surgery, the periurethral fascial layer may be 
defi cient, resulting in a pseudodiverticulum. These investigators 
suggest that the recognition of this anatomic confi guration has 
important implications for surgical reconstruction. Patients may 
require additional reconstruction or interposition of a tissue fl ap 
or graft to buttress the repair and prevent recurrence or post-
operative urethrovaginal fi stula formation.

SURGICAL REPAIR OF FEMALE 
URETHRAL DIVERTICULA

Indications for Repair

Although often highly symptomatic, not all urethral diverticula 
mandate surgical excision. Some patients may be asymptomatic 
at presentation, and the lesion is incidentally diagnosed on 
imaging for another condition or incidentally identifi ed on 
routine physical examination. Other patients may be unwilling 
or medically unable to undergo surgical removal. Very little is 
known regarding the natural history of untreated urethral diver-
ticula. Whether these lesions will progress in size, symptoms, or 
complexity with time is unknown. For these reasons and because 
of the lack of symptoms in selected cases, some patients may not 
desire surgical therapy. However, there are many reports in the 
literature of carcinomas arising in urethral diverticula,101-110 and 
it is possible that certain carcinomas arising in urethral divertic-
ula are asymptomatic and may not be prospectively identifi ed 
on radiologic imaging. Counseling and ongoing monitoring 
is necessary for patients who elect primary nonoperative 
management.

Symptomatic patients, including those with dysuria, refrac-
tory and bothersome postvoid dribbling, recurrent urinary tract 
infections, dyspareunia, and pelvic pain in whom the symptoms 
can be attributed to the urethral diverticula, may be offered surgi-
cal excision. Those with urethral diverticula and symptomatic 
stress urinary incontinence can be considered for a concomitant 
anti-incontinence procedure at the time of urethral diverticular 
excision (discussed later).

Techniques for Repair

Alternative Techniques
A variety of surgical interventions for urethral diverticula have 
been reported since 1805, when Hey1 described transvaginal 
incision of the urethral diverticula and packing of the resulting 
cavity with lint. Approaches have included transurethral20 
and open111,112 marsupialization, endoscopic unroofi ng,113,114 
fulguration,115 incision and obliteration with oxidized cellulose116 
or polytetrafl uoroethylene,117 coagulation,117 and excision with 

reconstruction. Most commonly, complete excision and recon-
struction are performed as described subsequently. However, 
for distal lesions, a transvaginal marsupialization as described 
by Spence and Duckett111,118 and Roehrborn112 may reduce 
operative time, blood loss, and recurrence rate. During this 
procedure, care must be taken to avoid aggressively extending 
the incision proximally, which could result in vaginal voiding 
or potentially damage the proximal and distal sphincteric mecha-
nism, resulting in stress urinary incontinence. This approach is 
probably applicable only to urethral diverticula in selected cases 
involving the distal one third of the urethra. It is not commonly 
performed.

Excision and Reconstruction
Excision and reconstruction is probably the most common surgi-
cal approach to urethral diverticula in the modern era. The prin-
ciples of the urethral diverticulectomy operation have been well 
described (Box 85-2). There are a few issues about which some 
surgeons may disagree, including the type of vaginal incision 
(inverted U versus inverted T), whether it is necessary to remove 
the entire mucosalized portion of the lesion, and the optimal type 
of postoperative catheter drainage (urethra only versus urethra 
and suprapubic). These are, however, minor points, and they are 
addressed subsequently.

Complex urethral reconstructive techniques for the repair 
urethral diverticula have been described. Fall119 described the use 
of a bipedicled vaginal wall fl ap for urethral reconstruction in 
patients with urethral diverticula and urethrovaginal fi stula. Lat-
erally based vaginal fl aps have also been used as an initial approach 
to urethral diverticula.120,121 Complex anatomic confi gurations 
may exist, and many novel approaches have been described for 
complicated, anteriorly located or circumferential lesions.5,6,122 
The technique described here is similar to that described by Leach 
and Raz42 and based on earlier work by Benjamin and colleagues123 
and Busch and Carter.124

Preoperative Preparation
Prophylactic antibiotics can be used for a period preoperatively 
to ensure sterile urine at the time of surgery. Patients can also be 
encouraged to strip the anterior vaginal wall after voiding, thereby 
consistently emptying the urethral diverticulum and preventing 
urinary stasis and recurrent urinary tract infections. This may not 
be possible in those with noncommunicating urethral diverticula 
or in those who have signifi cant pain related to the urethral 

• Mobilization of a well-vascularized anterior vaginal wall 
fl ap (or fl aps)

• Preservation of the periurethral fascia

• Identifi cation and excision of the neck of the urethral 
diverticulum or ostia

• Removal entire urethral diverticulum wall or sac 
(mucosa)

• Watertight urethral closure

• Multilayered, non-overlapping closure with absorbable 
suture

• Closure of dead space

• Preservation or creation of continence

Box 85-2 Principles of Transvaginal 
 Urethral Diverticulectomy
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diverticula. Application of topical estrogen creams for several 
weeks before surgery may be benefi cial in some patients with 
postmenopausal atrophic vaginitis in improving the overall 
quality of the tissues with respect to dissection and mobilization. 
Preoperative parenteral antibiotics are often administered, espe-
cially for those with recurrent or persistent urinary tract 
infections.

Patients with symptomatic stress urinary incontinence can 
be offered simultaneous anti-incontinence surgery. Preoperative 
video urodynamics may be helpful in evaluating the anatomy 
of the urethral diverticula, assessing the competence of the 
bladder neck, and confi rming the diagnosis of stress urinary 
incontinence. In patients with stress urinary incontinence and 
urethral diverticula, Ganabathi and coworkers23 and Lockhart 
and associates125 have described excellent results with concomi-
tant needle bladder neck suspension in these complex cases. 
Pubovaginal fascial slings have been used in patients with ure-
thral diverticula and stress urinary incontinence with satisfactory 
outcomes.44,50,51

Further complicating these cases may be associated symptoms 
such as pain, dyspareunia, voiding dysfunction, urinary tract 
infections, and urinary incontinence. These associated symptoms 
often are improved or eliminated with surgical repair. The impor-
tance of appropriate preoperative patient counseling regarding 
surgery and postoperative expectations of cure cannot be 
overemphasized.

Procedure
The patient is placed in the lithotomy position with all pressure 
points well padded. The use of padded adjustable stirrups for the 
lower extremities greatly enhances operative access to the female 
perineum. A standard vaginal antiseptic preparation is applied. 
A weighted vaginal speculum and Scott retractor with hooks aid 
in exposure. A posterolateral episiotomy may be benefi cial in 
some patients for additional exposure, although the mid-urethral 
(and therefore somewhat distal in the vaginal canal) location of 
most urethral diverticula usually precludes the need for this type 
of adjunctive procedure. A Foley catheter is placed through the 
urethra, and a suprapubic tube may be used for additional unob-
structed postoperative urinary drainage. Often, a small-caliber 
urethral catheter is used during the case, and the placement of a 
suprapubic tube during the procedure ensures adequate postop-
erative urinary drainage. If desired, a suprapubic tube is placed 
at the start of the procedure using the Lowsley retractor or per-
cutaneously under direct transurethral cystoscopic visual guid-
ance. Placement of the suprapubic tube at the end of the case is 
not advisable because it requires traversing the fresh urethral 
suture line, which risks disruption of the repair.

An inverted U is marked out along the anterior vaginal wall, 
with the base of the U at the level of the distal urethra and the 
limbs extending to the bladder neck or beyond (Fig. 85-15). Care 
is taken to ensure that the limbs of the U are progressively wider 
proximally (toward the bladder neck) to ensure adequate vascu-
larity at the distal lateral margins of the anterior vaginal wall fl ap. 
Unlike the inverted-T-shaped incision, the inverted-U-shaped 
incision provides excellent exposure laterally at the level of the 
midvagina, and it can be extended proximally as needed for 
lesions that extend beyond the bladder neck. Injectable saline can 
be infused along the lines of the incision to facilitate dissection. 
An anterior vaginal wall fl ap is created by careful dissection in 
the potential space between the vaginal wall and the periurethral 
fascia. The use of suffi cient countertraction during this portion 

Figure 85-15 An inverted-U-shaped incision (dashed line) on the 
anterior vaginal wall. Retraction is aided by the use of Allis clamps 
and a ring retractor with hooks.

of the procedure is important in maintaining the proper plane of 
dissection. Care is taken to preserve the periurethral fascia and 
to avoid inadvertent entry into the urethral diverticula.

A distinct layer of periurethral fascia is usually interposed 
between the vaginal wall and the urethral diverticula. Preserva-
tion and later reconstruction of this layer is important to prevent 
recurrence, close dead space, and avoid urethrovaginal fi stula 
formation postoperatively. Pseudo-diverticula have been 
described where this layer of tissue is considerably attenuated or 
even absent.100 In these patients, an interpositional fl ap or graft 
such as a pubovaginal sling may be used for reconstruction.

The periurethral fascia is incised transversely (Fig. 85-16). 
Proximal and distal layers of periurethral fascia are carefully 
developed avoiding entrance into the urethral diverticula. The 
urethral diverticula is then grasped and dissected back to its 
origin on the urethra within the leaves of the periurethral fascia 
(Fig. 85-17). In many cases, it is necessary to open the urethral 
diverticulum to facilitate dissection from the surrounding tissues. 
The ostium or connection to the urethra is identifi ed, and the 
walls of the urethral diverticulum are completely removed. Every 
effort should be made to remove the entire mucosalized surface 
of the urethral diverticulum to prevent recurrence.23,65 This may 
involve removing small, adherent or infl amed portions of the 
urethral wall, especially in the ostial area (Fig. 85-18). All abnor-
mal tissue in the area of the ostium should be removed if possible 
to ensure that no mucosal elements of the urethral diverticular 
wall remain, which can result in postoperative urine leakage and 
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Figure 85-16 After refl ection of the anterior vaginal wall, a 
transverse incision (dashed line) is made in the periurethral fascia.

Figure 85-17 The periurethral fascia is incised and dissected from 
the underlying urethral diverticulum.

recurrence. Elaborate methods of identifying the full extent of 
the urethral diverticular cavity have been described, including 
catheterization of the urethral diverticulum with urinary33,126 and 
Fogarty127 catheters, packing the urethral diverticulum with 
gauze,128 infusing and staining the urethral diverticulum with 
methylene blue,8 and the use of silicone129 or cryoprecipitate130 to 
create a solid mass and ease dissection. However, these measures 
are mostly of historical interest and are usually unnecessary in 
modern urethral diverticular surgery.23,39

The Foley catheter is usually seen after complete excision of a 
urethral diverticulum (Fig. 85-19). The urethra can be recon-
structed over as small as a 12-Fr Foley catheter without long-term 
risk of urethral stricture,4 and it should be closed in a watertight 
fashion with absorbable suture (Fig. 85-20). The closure should 
be tension free. Uncommonly, a urethral diverticulum may 
extend circumferentially around the urethra and require segmen-
tal resection of the involved portion of the urethra and complex 
reconstruction.6,131

The periurethral fascial fl aps are reapproximated with absorb-
able suture in a perpendicular orientation to the urethral closure 
line to minimize overlap and the risk of postoperative urethro-
vaginal fi stula formation (Fig. 85-21). Care is taken to secure the 
periurethral fascial fl aps to close all dead space.

If desired, a fi brofatty labial (Martius) fl ap can be harvested 
at this point and placed over the periurethral fascia as an addi-
tional layer of closure.64 Indications for such a fl ap are not uni-
versally agreed on. However, in patients with poor-quality tissues 

or attenuated periurethral fascia or in whom signifi cant infl am-
mation is encountered intraoperatively, a well-vascularized adju-
vant fl ap (e.g., Martius fl ap) may reduce the risk of wound 
breakdown and subsequent complications such as urethrovaginal 
fi stula.

The anterior vaginal wall fl ap is then repositioned and reap-
proximated with absorbable suture (Fig. 85-22). This completes 
a three-layer closure (four layers if a Martius fl ap is used). An 
antibiotic-impregnated vaginal pack is placed.

Postoperative Care
Antibiotics are continued for 24 hours postoperatively. The 
vaginal packing is removed and the patient discharged home with 
closed urinary drainage. Antispasmodics are used liberally to 
reduce bladder spasms. Pericatheter VCUG is obtained at 14 to 
21 days postoperatively. If there is no extravasation, the catheters 
are removed. If extravasation is seen, repeat pericatheter VCUG 
is performed weekly until resolution is documented. In most 
cases, extravasation resolves in several weeks with this type of 
conservative management.132

Complications
Careful adherence to the principles of transvaginal urethral 
diverticulectomy should minimize postoperative complications. 
Nevertheless, complications may arise (Box 85-3). One small 
series suggested that large diverticula (>4 cm) or those associated 
with a lateral or horseshoe confi guration may be associated with 
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Figure 85-18 The urethral diverticulum sac is freed from the 
periurethral fascia.

Figure 85-19 The urethral catheter is seen after complete excision 
of the urethral diverticulum sac.

Figure 85-20 The urethra is closed with absorbable suture.

Urinary incontinence (1.7-16.1)*
Urethrovaginal fi stula (0.9-8.3)
Urethral stricture (0-5.2)
Recurrent urethral diverticulum (1-25)
Recurrent urinary tract infection (0-31.3)
Other
 Hypospadias or distal urethral necrosis
 Bladder or ureteral injury
 Vaginal scarring or narrowing (e.g., dyspareunia)

Box 85-3 Complications of Transvaginal 
 Urethral Diverticulectomy

*The range of reported incidence (%) is given within parentheses.
Adapted from Dmochowski R: Surgery for vesicovaginal fi stula, urethrovaginal fi stula, 

and urethral diverticulum. In Walsh PC, Retik AB, Vaughan ED Jr, Wein AJ (eds): 
Campbell’s Urology, 8th ed. Philadelphia, WB Saunders, 2002, p 1214.

a greater likelihood of postoperative complications.133 Common 
complications include recurrent urinary tract infections, urinary 
incontinence, and recurrent urethral diverticula.

Urethrovaginal fi stula is a devastating complication of ure-
thral diverticulectomy and deserves special mention. A fi stula 
located beyond the sphincteric mechanism should not be associ-
ated with symptoms other than perhaps a split urinary stream 
and or vaginal voiding. As such, an asymptomatic distal urethro-
vaginal fi stula may not require repair, although some patients 
may request repair. Conversely, a proximal fi stula located at the 
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Figure 85-21 The periurethral fascia is closed with care to obliterate 
any dead space.

Figure 85-22 The anterior vaginal wall fl ap is advanced over the 
periurethral suture line and secured with running, interlocking 
absorbable suture.

bladder neck or at the mid-urethra in patients with an incompe-
tent bladder neck will likely result in considerable symptomatic 
urinary leakage. These patients should undergo repair with the 
use of an adjuvant tissue fl ap such as a Martius fl ap to provide a 
well-vascularized additional tissue layer. The timing of the repair 
relative to the initial procedure is controversial. Meticulous 
attention to surgical technique, good hemostasis, avoidance of 
infection, preservation of the periurethral fascia (Fig. 85-23), a 
well-vascularized anterior vaginal wall fl ap, and multilayered 
closure with nonoverlapping suture lines should minimize the 
potential for postoperative urethrovaginal fi stula formation.

Persistence of Symptoms after Urethral Diverticulectomy
Some patients have persistence or recurrence of their pre-
operative symptoms postoperatively. The fi nding of a urethral 
diverticulum after a presumably successful urethral diverticulec-
tomy may occur as a result of a new medical problem (e.g., 
urinary tract infection), a new urethral diverticulum, or recur-
rence of the original lesion. A urethral diverticulum may recur 
because of incomplete removal of the urethral diverticulum, 
inadequate closure of the urethra or residual dead space, or 
other technical factors. Lee134 identifi ed a recurrent urethral 
diverticulum in 8 of 85 patients at follow-up of between 2 and 
15 years from resection of the initial urethral diverticulum.134 
Repeat urethral diverticulectomy can be challenging due to 
altered anatomy, scarring, and the diffi culty in identifying 
the proper anatomic planes.

Urethral diverticulum (periurethral fascia opened
and preserved, with excision of the epithelial lining
of the diverticulum)

Urethral diverticulum excised
(defect closed in periurethral fascia)

A

B
Figure 85-23 Diagrams demonstrate the importance of preserving 
and reconstructing the periurethral fascia. A, Defect in the 
periurethral fascia after removal of the epithelial lining of the 
urethral diverticulum. B, Closure of the urethra and periurethral 
fascia.
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Urethral Diverticula and Associated Conditions

Malignant and benign tumors may be found in urethral diver-
ticula. Both are rare, and fewer than 100 cases of carcinoma 
within urethral diverticula have been reported in the English 
language literature.106 The most common malignant pathology in 
urethral diverticula is adenocarcinoma, followed by transitional 
cell and squamous cell carcinomas.106 This contrasts with primary 
urethral carcinoma, in which the primary histologic type is squa-
mous cell carcinoma. Some investigators have suggested that 
urethral diverticulum is associated with the development of ure-
thral adenocarcinoma in women.135 If this is true, nonexcisional 
therapy of urethral diverticula, such as marsupialization or endo-
scopic incision, should always be combined with a biopsy to rule 
out malignancy.136 There is no consensus on proper treatment in 
these cases, and recurrence rates are high with local treatment 
alone.106 The incidental fi nding of malignancy can be particularly 
troubling when found intraoperatively or on the postoperative 
pathology report. It has not been conclusively demonstrated that 
any particular preoperative imaging modality such as ultrasound 
or MRI can reliably and prospectively diagnose a small malig-
nancy arising in a urethral diverticula. When considering 
curative therapy, it is unclear whether extensive surgery, includ-
ing cystourethrectomy with or without adjuvant external 
beam radiotherapy, is superior to local excision followed by 
radiotherapy.104

Many benign lesions, including nephrogenic adenoma and endo-
metriosis, have been described within urethral diverticula.137-140 
Pathologically, nephrogenic adenoma can be diffi cult to dif-
ferentiate from adenocarcinoma.

Calculi within urethral diverticula may be diagnosed in 4% to 
10% of cases,44,141,142 and they are most likely caused by urinary 
stasis or infection. This may be suspected by physical examina-
tion fi ndings or found incidentally on imaging evaluation. The 
presence of a stone does not signifi cantly alter the evaluation or 
surgical approach, and it can be considered an incidental fi nding 
(Fig. 85-24).

Urethral diverticula have manifested during pregnancy. 
Moran143 reported four cases of urethral diverticula diagnosed 
during pregnancy. Conservative treatment included antibiotics 
and aspiration or incision and drainage. Two women delivered 
vaginally, and the other two delivered by cesarean section for 
unrelated reasons. In one patient, drainage was performed during 
labor to facilitate delivery. Three of the four women had defi ni-
tive repair performed after delivery. It is not known whether 
pregnancy is associated with formation of urethral diverticula, 
although patients may be more likely to become symptomatic 
during this period. Usually, conservative management with anti-
biotics may be desirable until after delivery to avoid precipitating 
premature labor, although successful surgical treatment during 
pregnancy has been reported.144

A

B
Figure 85-24 Large calculus within a urethral diverticulum. 
A, Voiding cystourethrographic scout fi lm demonstrates a midline, 
calcifi ed density overlying the symphysis pubis. B, Voiding image 
shows fi lling of the urethra and a cavity adjacent to the urethra 
surrounding the calcifi cation, confi rming that this represents a stone 
in a urethral diverticulum.
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Chapter 86

URINARY TRACT INFECTIONS IN WOMEN
Amanda M. Macejko and Anthony J. Schaeffer

EPIDEMIOLOGY

Urinary tract infections (UTIs) are the most common bacterial 
infections and account for a substantial number of offi ce and 
emergency room visits as well as hospital admissions each year. 
Additionally, UTI is the most common cause of nosocomial 
infection.1 The morbidity of UTIs varies widely, from self-limited 
to life-threatening conditions. The focus of this chapter is on UTI 
in women, who make up a signifi cant proportion of UTI suf-
ferers. The annual incidence among women is 12.1%. Peak inci-
dence in women occurs between the ages of 20 to 24 years.2 
Health care costs attributed to UTIs are substantial. The esti-
mated overall costs of UTI among ambulatory women in the 
United States exceeds $1 billion annually.3

Pathogenesis

The interaction between bacterial virulence and host defense 
factors can ultimately result in UTI. More virulent bacteria are 
necessary to infect healthy hosts with a normal urinary tract, 
whereas less virulent bacteria may easily infect compromised 
hosts.

Laboratory studies of uropathogenic strains of Escherichia coli 
(UPEC) have helped to obtain a better understanding of the 
pathogenesis of UTIs. The initial step is bacterial adherence to 
the urothelium. Type 1 pili are fi lamentous adhesive organelles 
encoded by almost all UPEC, and they are signifi cant virulence 
factors associated with UTIs. FimH is an adhesin molecule at 
the tip of type 1 pili that specifi cally binds to the luminal surface 
of the bladder.4 Bacterial colonization then precipitates a host 
infl ammatory response, which includes neutrophil infl ux fol-
lowed by apoptosis and exfoliation of the bladder’s epithelial cells 
in an effort to rid the bladder of bacteria. Despite the host’s 
response, however, high titers of UPEC persist in the bladder for 
several days.5

How are the bacteria able to elude the host defenses? Recent 
research has shown that UPEC avoids clearance by invading and 
replicating within the epithelial cells. They form “bacterial facto-
ries” that are refuges in which bacteria may persist and form 
biofi lms. Bacteria within a biofi lm are resistant not only to host 
defenses but also to typical courses of antimicrobials.5 These bac-
teria may subsequently reemerge and cause recurrent acute infec-
tions.6 Historically, the vagina and intestine have been accepted 
as UPEC reservoirs; however, this new paradigm demonstrates 
that the bladder itself may be a reservoir for UPEC.

Host Factors

Host factors include genetic, anatomic, functional, and behav-
ioral factors that affect the host’s susceptibility to uropathogens 
and its ability to overcome them (Table 86-1).

Vaginal Colonization
In order for a UTI to occur, the infecting organism must fi rst 
obtain access to the urinary tract. In the 1960s, Stamey hypothe-
sized that bacteria that cause UTIs originate in the rectal fl ora 
and colonize the vaginal and urethral mucosa before ascending 
to the bladder.7 Vaginal colonization has proved to be a crucial 
step in the pathogenesis of UTI. Many factors that increase the 
risk of UTI do so by facilitating vaginal colonization with uro-
pathogens.8 Women (in comparison to men) are particularly at 
risk based simply on differences in anatomy. Women have a 
moist periurethral space, a shorter distance between the anus and 
urethral opening, and a shorter urethra. These factors increase 
exposure to uropathogens and enhance the ability of these patho-
gens to colonize the urinary tract.2

Why are some women more susceptible to vaginal coloniza-
tion, and therefore recurrent UTI, than others? There is substan-
tial evidence that vaginal colonization is determined by genetic 
factors. In 1977, Fowler and Stamey discovered that E. coli 

847

Table 86-1 Host Factors

Genetic Anatomic/Functional Behavioral

Blood group antigen Congenital abnormalities Sexual activity
Nonsecretor status Urinary obstruction Diaphragm use
Density of adhesin receptors Urinary incontinence Spermicide use
Maternal history of UTI Calculi Antimicrobial use

Residual urine
Catheters or foreign bodies
Atrophic vaginitis

UTI, urinary tract infection.
Modifi ed from Ronald A: The etiology of urinary tract infection: Traditional and emerging pathogens. Am J Med 113(Suppl 1A):14S-9S, 2002.
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adhered more avidly to vaginal epithelial cells of women with 
recurrent UTI.9 Follow-up studies by Schaeffer showed that high 
vaginal cell receptivity was correlated with high buccal cell recep-
tivity, suggesting that epithelial cell receptivity is actually a geno-
typic trait.10 The concept of hereditary susceptibility was further 
investigated by Schaeffer and associates, who demonstrated that 
the prevalence of the human leukocyte antigen (HLA) A3 subtype 
was greater in women with recurrent UTIs.11 In addition, carbo-
hydrate structures bound to cell membranes known as blood 
group antigens make up a signifi cant component of the uroepi-
thelial cell membrane. Certain blood group antigens have been 
associated with susceptibility to UTI. Sheinfeld and colleagues 
determined that women with Lewis blood group Le(a−b−) or 
Le(a+b−) (nonsecretor) had a signifi cantly higher incidence of 
recurrent UTIs than women with the Le(a−b+) (secretor) pheno-
type.12 E. coli bind to mannose residues, which are more available 
in nonsecretor mucosa.13

Sexual Activity
Vaginal and oral intercourse help to propagate potential patho-
gens into the vagina and urinary tract. Additionally, vaginal inter-
course may cause trauma of the vaginal epithelium, rendering it 
more susceptible to bacterial adherence and vaginal coloniza-
tion.14 Several studies have linked sexual activity with vaginal 
colonization and UTI. Foxman and colleagues found that vaginal 
colonization with E. coli was inversely associated with the number 
of days since sexual activity.15 Hooton and coworkers reported 
that urine cultures in the immediate postcoital period show a 
transient bacteriuria.16 It has been proposed that voiding imme-
diately after intercourse is protective, although there are no 
current data that support this conjecture.1

Spermicide and Diaphragm Use
Spermicide and diaphragm use has been found to greatly 
increase the risk of vaginal colonization with uropathogens 
and UTI, independent of sexual activity. Nonoxynol-9, the active 
ingredient in most spermicides, has a bactericidal effect on the 
normal vaginal fl ora and therefore enhances the growth of 
E. coli.2,8

Estrogen
Estrogen withdrawal in postmenopausal women alters the normal 
vaginal fl ora. In a randomized, double-blind, placebo-controlled 
trial of postmenopausal women with recurrent UTI, Raz and 
Stamm found that topically applied intravaginal estriol cream 
lowered the vaginal pH, restored lactobacilli in 61% of vaginal 
cultures, and reduced the incidence of UTI 10-fold. He con-
cluded that intravaginal estrogen replacement restores an acidic 
environment that is more hospitable to premenopausal fl ora.17 
However, these results have not been replicated in studies evalu-
ating oral estrogens. Cardozo and associates evaluated the effects 
of low-dose, oral estrogen replacement but were unable to estab-
lish a signifi cant protective effect.18

Recent Antimicrobial Use
Another factor that contributes to UTI susceptibility is recent 
antimicrobial use. Smith and coworkers, in a prospective study, 
found that antimicrobial use up to 4 weeks before the onset of a 
UTI increased the relative risk for that UTI by 2.57 to 5.83 times. 
It has been proposed that recent antimicrobial use increases a 
woman’s risk of UTI by altering the normal urogenital fl ora.19 
The most offending antimicrobials are β-lactams, whereas tri-

methoprim and nitrofurantoin seem to have much less of an 
effect on the normal vaginal fl ora.8

DIAGNOSTIC TOOLS

History

A thorough history is an essential component of obtaining 
the proper diagnosis. It is important to clarify the onset and 
the presence or absence of symptoms including dysuria, urinary 
frequency, hematuria, suprapubic tenderness, fl ank pain, fever, 
and nausea/vomiting. Has the patient had previous UTIs as a 
child or as an adult? If so, were her previous UTIs associated with 
fever?

A complete medical and surgical history is also important. 
Does the patient have a history of nephrolithiasis or previous 
urinary tract surgery? Is the patient pregnant? Does the patient 
diabetic? The answers to these questions will direct further 
workup and management.

Physical Examination

The physical examination is not considered diagnostic of UTI but 
can be helpful in certain cases. The fi ndings may assist in differ-
entiating between lower urinary tract (cystitis) and upper urinary 
tract (pyelonephritis) infection. Is the patient febrile? Is there 
costovertebral tenderness? Findings such as a urethral diverticu-
lum may occasionally reveal a potential source of recurrent UTI. 
The physical examination may also help to rule out other causes 
of patient symptomatology. For example, the presence of vaginal 
discharge has a strong association with vaginal infection rather 
than a UTI.20

Urinalysis

Women should provide a midstream voided urine for analysis 
after spreading the labia and wiping from front to back with a 
clean sponge.7 The urinalysis provides information about pyuria, 
bacteriuria, and hematuria. Urine dipstick analysis is a quick and 
inexpensive test that is often used in the clinical setting. Testing 
for leukocyte esterase, an enzyme produced by polymorphonu-
clear cells, and nitrite, a byproduct of bacterial growth, it pro-
vides an indirect measurement of both pyuria and bacteriuria.21 
If either the nitrite assay or the leukocyte esterase test is positive, 
the dipstick test has a sensitivity of 75% and a specifi city of 82%.22 
False-negative results can occur when the infecting organism 
does not produce nitrites.23 It is important to note that, although 
the dipstick test can be useful for screening, it is not as sensitive 
as microscopic examination.7 Pyuria on microscopic examina-
tion has a high sensitivity (95%) and a relatively low specifi city 
(71%).24 The presence of bacteria on microscopic examination 
has a lower sensitivity (40% to 50%) yet a higher specifi city (85% 
to 95%).24

Urine Culture

The Infectious Diseases Society of America (ISDA) defi nes cysti-
tis as greater than or equal to 105 cfu/mL of midstream urine. 
However, studies by Stamm and Hooton demonstrated that 
greater than or equal to 102 cfu/mL for a catheterized urine speci-
men in a symptomatic patient is signifi cant.25 It is not necessary 
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to obtain a urine culture in all patients. Appropriate patient selec-
tion for urine culture is addressed in a later section.

Imaging Techniques

Multiple radiographic techniques are available for imaging the 
urinary tract. Plain abdominal fi lms may demonstrate radiopaque 
calculi. Intravenous pyelography, although not typically used 
in the setting of UTI, can be useful to determine the site of an 
obstruction.7 Renal ultrasonography may demonstrate stone, 
hydronephrosis, or perirenal abscess. Advantages of ultrasound 
are that it does not expose the patient to radiation or contrast 
material; however, ultrasound results are dependent on operator 
experience.7 Computed tomography (CT) and magnetic reso-
nance imaging (MRI) demonstrate excellent anatomic detail 
and are more sensitive than intravenous pyelography and 
ultrasonography.7 Although numerous imaging techniques are 
available, most UTIs do not warrant radiologic evaluation. The 
appropriateness of imaging in the setting of a UTI is discussed 
later.

TREATMENT

Antimicrobial Principles

The successful treatment of a UTI depends on two important 
principles. First, the treatment should result in elimination of 
bacteriuria. This typically occurs hours after initiation of treat-
ment.7 Second, the urine concentration of the antimicrobials 
must exceed the minimal inhibitory concentration (MIC) of the 
bacteria.26 It is important to keep in mind that hospital micro-
biology laboratories typically report bacterial sensitivities based 
on serum levels that may be several-fold lower than the urine 
levels of a particular agent.

Antimicrobial Resistance

The most common reason for unresolved bacteriuria is bacterial 
resistance to the chosen antimicrobial agent. There are several 

ways in which bacteria may be resistant. In natural resistance, 
certain bacteria simply lack a drug-susceptible substrate, render-
ing an entire species of bacteria resistant to a particular antimi-
crobial. Examples include Proteus resistance to nitrofurantoin 
and Enterococcus faecalis resistance to cephalexin.7 Resistance 
can also occur when the antimicrobial therapy actually selects 
for resistant mutants. This mode of resistance occurs within 
the urinary tract and can typically be avoided by choosing an 
agent with a urine concentration that exceeds the MIC by the 
greatest margin, adequate dosing, and stressing the importance 
of compliance with therapy.7 The third mechanism of resistance 
is extrachromosomal plasmid-mediated resistance, also known 
as transferable resistance. This mode of resistance takes 
place within the bowel and produces multiple resistant strains. 
To date, transferable resistance has not been demonstrated 
with nitrofurantoin or fl uoroquinolones, and therefore these 
two drugs are good options for patients exposed to other 
antimicrobials.27

Antimicrobial Selection

In selecting an antimicrobial agent, it is necessary to understand 
the effi cacy, spectrum of activity, resistance patterns, side effects, 
dosing, and cost.28 Individual antimicrobials are discussed later. 
Costs for a complete course of therapy of the antimicrobials 
based on 2001 wholesale prices are listed in Table 86-2.

Trimethoprim-sulfamethoxazole
Trimethoprim-sulfamethoxazole (TMP-SMX) blocks folic acid 
metabolism of bacteria, thereby preventing bacterial growth. 
TMP is effective as a single agent in uncomplicated UTI, has 
fewer side effects, and is safe for patients with sulfa allergies.29 
SMX has a synergistic bactericidal effect that improves the effi -
cacy of the treatment of upper tract infections.30 The combina-
tion of TMP-SMX is active against most aerobic gram-positive 
and gram-negative organisms. It is not active against enterococci 
or Pseudomonas aeruginosa.23 Dosage is one double-strength 
tablet twice daily for 3 days for uncomplicated cystitis. Side effects 
may include rash, gastrointestinal upset, and photosensitivity.31 
Serious adverse events may include Stevens-Johnson syndrome.23 

Table 86-2 Antimicrobial Cost

Antimicrobial Dose (mg) Cost ($)

Sulfonamides
TMP-SMX 160/800 two times daily × 3 days  6.30-8.80
TMP 100 two times daily × 3 days  0.90-1.40

Fluoroquinolones
Ciprofl oxacin 100-250 two times daily × 3 days 17.20-25.00
Levofl oxacin 250-500 daily × 3 days 21.90-25.60
Nitrofurantoin macrocrystals
Macrodantin 100 four times daily × 7 days 47.00
Macrobid 100 two times daily × 7 days 23.00

b-lactams
Amoxicillin 250-500 three times daily × 3 days  6.40-11.50
Cefi xime 400 daily × 3 days 23.20
Cefpodoxime 100 two times daily × 3 days 18.30

SMX, sulfamethoxazole; TMP, trimethoprim.
Modifi ed from Jancel T, Dudas V: Management of uncomplicated urinary tract infections. West J Med 176:51-55, 2002.
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TMP-SMX should be avoided in pregnant patients as well as 
those taking warfarin.7

TMP-SMX has historically been the most widely used anti-
microbial in the treatment of uncomplicated UTI, which may 
account for its high resistance rates. A recent study by Gupta and 
colleagues highlighted the fact that antimicrobial susceptibility 
patterns are dependent on geographic distribution. E. coli resis-
tance to TMP-SMX ranged from 10% in the northeastern United 
States to 22% in the western United States.32 Risk factors for 
resistance to TMP-SMX include previous use of TMP-SMX and 
current use of other antimicrobials, as well as diabetes and recent 
hospitalization.23

Nitrofurantoin
Nitrofurantoin inhibits several bacterial enzyme systems and is 
bactericidal. It is active against E. coli and most species of Klebsi-
ella, Enterobacter, Staphylococcus, and Enterococcus. It is not effec-
tive against Pseudomonas or Proteus species.33 A 7-day course of 
therapy is recommended for uncomplicated UTI, and it is also 
frequently used for UTI prophylaxis.23 The agent does not pene-
trate urinary tract tissue or achieve bactericidal levels in blood 
and therefore is not recommended for complicated UTIs or 
pyelonephritis.34 It also should not be used in patients with poor 
renal function, because adequate urine concentration levels will 
not be achieved.7 Side effects may include gastrointestinal upset, 
peripheral polyneuropathy, hemolysis in patients with glucose-
6-phosphate dehydrogenase defi ciency, and pulmonary reactions 
ranging from cough to fi brosis.7 Nitrofurantoin exhibits very low 
levels of resistance.23

b-Lactams
The β-lactam family includes penicillins, aminopenicillins, ceph-
alosporins, and aztreonam. These antimicrobials inhibit bacterial 
cell wall synthesis.23

The aminopenicillins (ampicillin, amoxicillin ± clavulanate) 
are useful against Streptococcus, Enterococcus, E. coli, and Proteus 
mirabilis. Recommended treatment length is 7 days. The most 
common adverse reactions are hypersensitivity and diarrhea. 
Extended-spectrum penicillin derivatives including piperacillin 
are often active against typically ampicillin-resistant gram-
negative bacilli.7

There are three generations of cephalosporins. Typically, the 
fi rst-generation agents are active against Streptococcus, Staphylo-
coccus, E. coli, Proteus, and Klebsiella species. Second-generation 
cephalosporins have similar activity to fi rst-generation agents 
with additional activity against anaerobes. Third-generation 
cephalosporins have decreased activity against gram-positive 
cocci and increased activity against gram-negative bacilli. Some 
third-generation cephalosporins are active against P. aeruginosa 
and are often used for nosocomial infections caused by gram-
negative organisms. It is important to note that none of the 
cephalosporins is active against enterococci. Similar to the ami-
nopenicillins, adverse reactions include hypersensitivity and gas-
trointestinal upset. These agents should not be used in patients 
with immediate hypersensitivity to penicillins.7

Aztreonam is active only against gram-negative aerobes. This 
drug has a less than 1% incidence of cross-reactivity in penicil-
lin-allergic patients, and its use is mainly limited to those patients 
with allergies to penicillin.7

Fluoroquinolones
Ciprofl oxacin and levofl oxacin are the fl uoroquinolones most 
commonly used against UTI in the United States. They are avail-

able in both oral and intravenous forms. The mechanism of 
action of these drugs is to inhibit DNA gyrase. They are active 
against enterobacteria and P. aeruginosa.7 These agents are often 
used as fi rst-line therapy for UTIs in regions with high levels of 
bacterial resistance to ampicillin and TMP-SMX.23 Side effects 
are uncommon but include gastrointestinal upset, dizziness, 
lightheadedness, photosensitivity, and tendon rupture. Fluoro-
quinolones should be avoided in pregnant women. Sucralfate 
should not be used concomitantly, because it decreases oral 
absorption.7

Resistance to fl uoroquinolones is low in the United States,32 
but this is not the case worldwide. Spain and Portugal have high 
rates of resistance to ciprofl oxacin, 14.7% and 5.8% respectively.23 
This is perhaps due to the wider use of fl uoroquinolones in 
Europe. In a recent paper, Hooton and colleagues expressed 
concern regarding increasing fl uoroquinolone resistance and rec-
ommended discouraging the routine use of fl uoroquinolones for 
treatment of mild-to-moderate acute uncomplicated cystitis.35

Aminoglycosides
Aminoglycosides inhibit ribosomal protein synthesis and are 
active against Staphylococcus and most gram-negative pathogens. 
They are the drugs of choice in patients with urosepsis when used 
in combination with ampicillin.7 Once-daily dosing at 7 mg/kg 
has been shown to maximize bacterial killing and to reduce neph-
rotoxicity, a common adverse effect.36 These agents should be 
avoided in pregnant patients and in those with impaired renal 
function or diabetes.7

PRACTICAL APPROACHES TO PATIENT ASSESSMENT

Classifi cation of Urinary Tract Infections

UTIs can be classifi ed in several different ways. The location 
of the infection is one method of classifi cation. For example, 
UTIs may involve the lower tract (cystitis) or the upper tract 
(pyelonephritis). Texts also describe UTIs as uncomplicated 
or complicated. Uncomplicated infections occur in healthy 
women who are without physiologic or anatomic urinary tract 
abnormalities or recent urologic surgery or instrumentation. 
Women with uncomplicated infections are not pregnant or 
immunocompromised and have not recently taken antimicrobi-
als.7 Complicated infections occur when there is poor response 
to therapy, the patient is not healthy or is otherwise compro-
mised (e.g., pregnant), or there is a structural or functional 
abnormality of the urinary tract that increases the risk of therapy 
failure.8 Unfortunately, the category into which a patient fi ts is 
not always readily apparent. This section attempts to help the 
clinician recognize patient characteristics that should guide 
patient categorization.

Uncomplicated Acute Cystitis
A typical patient with uncomplicated acute cystitis is a premeno-
pausal, sexually active, nonpregnant woman. She reports recent 
onset of symptoms including dysuria, frequency, urgency, and 
possibly suprapubic discomfort and hematuria.37 The differential 
diagnosis for acute cystitis includes vaginitis and sexually trans-
mitted diseases. Some authors report that a history, physical 
examination, and urinalysis should be all that is needed to ascer-
tain the appropriate diagnosis.38 Others report that treating acute, 
uncomplicated cystitis in low risk women by telephone consulta-
tion to be safe and effective.39
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For the patient with uncomplicated UTI, urine cultures are 
usually not necessary, because most acute, community-acquired, 
uncomplicated infections in the United States and abroad are 
caused by predictable organisms (Table 86-3) and respond to 
empiric therapy. The routine use of urine cultures in uncompli-
cated cases has been shown to increase the cost of care by 39% 
without signifi cant benefi t to patient outcomes.28 However, it is 
important to recognize situations in which it is appropriate to 
perform urine cultures in uncomplicated acute cystitis. These are 
included in Box 86-1.

Evidence-based guidelines for the treatment of acute 
uncomplicated cystitis were published by the Infectious Diseases 
Society America (IDSA) in 1999. According to these guidelines, 
TMP alone or TMP-SMX for 3 days is considered the current 
standard therapy. However, fl uoroquinolones should be used 
as initial empiric therapy in specifi c situations, as outlined in 
Box 86-2.7,40

There has been renewed interest in nitrofurantoin in the treat-
ment of uncomplicated cystitis because of its low resistance rates. 
However, it is not as effective as TMP-SMX or the fl uoroquino-
lones.41 The IDSA found that nitrofurantoin had lower cure rates 
(approximately 85%) than other fi rst-line agents (90% to 95%).40 
Most women experience marked improvement in symptoms 
within 24 hours.28 Response to therapy is primarily measured by 
clinical resolution of symptoms, and further follow-up is usually 
unnecessary.7

Unresolved Urinary Tract Infection
If the patient’s symptoms do not resolve with empiric therapy, 
the clinician should consider these questions: Has the patient 
been compliant with treatment? Is the UTI caused by a resistant 
organism? Are symptoms due to a UTI or another diagnosis 
altogether? A urine culture should be obtained, and the patient 
should be switched to a fl uoroquinolone if she is not taking one 
already. The patient should be monitored to ensure that her 
symptoms resolve and that her urine culture is negative at the 
end of treatment.

Recurrent Urinary Tract Infections
Recurrent UTI is noted when a premenopausal, sexually active, 
nonpregnant woman presents with her third episode of urgency, 
frequency, and dysuria in the same year. Reports show that 25% 
to 50% of women experience recurrent UTI, defi ned as three or 
more symptomatic UTIs in 1 year or two UTIs within 6 months.42 
Recurrent UTIs usually occur in the absence of anatomic urinary 
tract abnormalities and represent a new infection from bacteria 
outside of the urinary tract.7 Reinfections typically occur at long 
intervals and usually are caused by different uropathogens, whereas 
relapses secondary to bacterial persistence are commonly caused by 
the same organism and typically occur at close intervals.7

A study by Scholes and colleagues aimed at determining the 
risk factors for recurrent UTI determined that lifetime sexual 
activity and sexual activity within the last year were the most 
important risk factors for recurrence.42 Other risk factors included 
spermicide use, a new sexual partner within the past year, fi rst 
UTI at 15 years of age or younger, and having a mother with a 
history of UTIs.8

As indicated in Box 86-1, when a patient has recurrent UTIs, 
is appropriate to obtain a urine culture, because it is vital to 
document that these recurrent episodes are in fact infectious. If 
the patient’s symptoms are not caused by infection, the clinician 
needs to consider alternative diagnoses, including urethritis, 
vaginitis, interstitial cystitis, and carcinoma in situ. Further uro-
logic workup is usually not necessary in patients with recurrent 
UTIs. There are three different strategies for antimicrobial 
prophylaxis for patients with recurrent UTIs.

Low-Dose Prophylaxis
Continuous antimicrobial prophylaxis involves daily administra-
tion of a low-dose antimicrobial such as TMP, TMP-SMX, or 
nitrofurantoin.1 These agents are ideal because they have minimal 
adverse effects on the fecal and vaginal fl ora and have been shown 
to decrease recurrence rates by 95%.43 Low-dose prophylaxis is 
well suited for patients with three or more UTIs annually and is 
well tolerated.1

Postcoital Prophylaxis
As mentioned previously, sexual intercourse is a signifi cant risk 
factor for acute cystitis. Postcoital antimicrobial administration 
is appropriate for patients with UTI recurrence associated with 

Table 86-3 Pathogens Cultured in Uncomplicated 
Urinary Tract Infections

Escherichia coli 70-95%
Staphylococcus saprophyticus (premenopausal 

women)
 5-20%

Klebsiella species
Enterococcus faecalis
Proteus mirabilis

Modifi ed from Hooton TM, Stamm WE: Diagnosis and treatment of 
uncomplicated urinary tract infection. Infect Dis Clin North Am 11:551-
581, 1997.

Symptoms and/or urinalysis not consistent with cystitis
Recent antimicrobial therapy
UTI symptoms >7 days
Age >65 yr
Diabetes
Pregnancy
Recurrent UTI

Box 86-1 Situations in which it is Appropriate 
 to Obtain a Urine Culture in Acute 
 Uncomplicated Cystitis

UTI, urinary tract infection.
Modifi ed from Schaeffer AJ: Infections of the urinary tract. Walsh PC, Retik AB, 

Vaughan ED Jr, Wein AJ (eds). Campbell’s Urology. Philadelphia, WB Saunders, 2002, 
pp 516-602.

Allergic to TMP-SMX
Recent antimicrobial exposure
High rate of TMP-SMX resistance in the community 

(>20%)
Unresolved UTI without prior fl uoroquinolone therapy
Recurrent UTI

Box 86-2 When to use Fluoroquinolones 
as First-Line Therapy for Uncomplicated 
Acute Cystitis

TMP-SMX, trimethoprim-sulfamethoxazole; UTI, urinary tract infection.
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intercourse. Single doses of nitrofurantoin, cephalexin, or TMP-
SMX have been shown to be effective.44

Self-Start Therapy
A patient on self-start therapy is provided a culture kit as well an 
antimicrobial preparation so that she may culture her urine and 
begin therapy promptly after the onset of symptoms. Fluoroqui-
nolones are typically used in self-start therapy. The patient sees 
her physician after therapy to assess the response. This method 
has been found to be safe, effective, and economical.45

Uncomplicated Acute Pyelonephritis

A young, sexually active woman without recent antimicrobial use 
or urologic instrumentation presents with symptoms of fl ank 
pain, nausea, vomiting and fever and has costovertebral angle 
tenderness on examination; this patient most likely has acute 
pyelonephritis. Treatment for acute pyelonephritis may occur 
in an outpatient or inpatient setting, depending on patient pre-
sentation (Table 86-4).

Figure 86-1 depicts the appropriate algorithm for the manage-
ment of acute uncomplicated pyelonephritis, which has a similar 
etiologic profi le to uncomplicated acute cystitis (see Table 86-3). 
For outpatient therapy, the ISDA recommends a 7-day course of 
an oral fl uoroquinolone.40 ISDA guidelines for inpatient therapy 
include a parenteral fl uoroquinolone, an aminoglycoside with or 
without ampicillin, or an extended-spectrum cephalosporin with 
or without ampicillin. Ampicillin/sulbactam with or without an 
aminoglycoside is recommended if the offending species is a 
gram-positive organism.40 Antimicrobials should be given for a 
total of 10 to 14 days. The patient may be switched to oral anti-
microbials once there has been documented improvement within 
72 hours.7

When is it Appropriate to Obtain Imaging?
If the patient does not improve clinically within 72 hours, the 
clinician should give serious consideration to obtaining a CT scan 
or ultrasound study.46 Some patients may require intervention in 
addition to antimicrobials. This may include ureteral stenting or 
placement of a percutaneous nephrostomy to bypass an obstruc-
tion, or perhaps drainage of a perinephric abscess.

Imaging may also be helpful in determining whether there is 
a urologic abnormality, such as struvite stones, foreign bodies, 
urethral diverticula, or perivesical fi stula, that is causing bacterial 
persistence.7 A complete list of patient characteristics that should 
direct the clinician to obtain imaging is included in Box 86-3.

Complicated Urinary Tract Infection

As mentioned previously, a complicated infection is classifi ed as 
either an infection that has responded poorly to therapy or one 
that is associated with host factors that increase the risk of therapy 

Table 86-4 Patient Classifi cation in 
Acute Pyelonephritis

Outpatient Therapy Inpatient Therapy

Not pregnant Pregnant
Compliant Noncompliant
Non–toxic-appearing Septic
No nausea or vomiting Unable to tolerate oral therapy

From Hooton TM, Stamm WE: Diagnosis and treatment of uncomplicated 
urinary tract infection. Infect Dis Clin North Am 11:551-581, 1997.

Meets outpatient criteria
Meets inpatient criteria

Labs
Blood and urine cultures

Treatment
Start parenteral therapy with:

Ampcillin + gentamicin
Fluoroquinolone

3rd generation cephalosporin

Improvement within 72 hours

Switch to PO therapy
Complete 10-14 days of therapy

Symptoms of pyelonephritis

Labs
Urine gram stain and culture

Treatment
PO Fluoroquinolone x 7 days

Figure 86-1 Algorithm for uncomplicated pyelonephritis. (Adapted from Schaeffer AJ: Infections of the urinary tract. In Walsh PC, Retik AB, 
Vaughan ED Jr, Wein AJ [eds]: Campbell’s Urology. Philadelphia, WB Saunders, 2002, pp 516-602.)
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failure.8 It is important to recognize patients with complicated 
UTIs, because there are implications for the workup and treat-
ment. What are the factors that lead to the classifi cation of a 
complicated UTI? These factors may be classifi ed as structural 
or functional abnormalities, conditions that compromise host 
response, and conditions that promote infection with virulent 
bacteria (Table 86-5).

The pathogenic organisms cultured in complicated UTIs vary 
from those seen in uncomplicated UTIs (Table 86-6).

If the patient is well enough to be treated as an outpatient, 
then a fl uoroquinolone should be chosen as fi rst-line therapy. 
However, if the patient has a severe infection requiring admis-
sion, then broad-spectrum antimicrobials should be initiated.7 In 
general, treatment requires at least 14 to 21 days of antimicrobial 
therapy.40 Individual scenarios of complicated infections are dis-
cussed in the following paragraphs.

Obstruction
Case: A 32-year-old woman with a history of nephrolithiasis pre-
sents with right-sided fl ank pain and fever.

Calcium oxalate stones can cause ureteral obstruction and 
may become secondarily colonized. Other than stones, urinary 
tract obstruction may also be caused by tumor, clot, or papillary 
necrosis.

Urea-Splitting Bacteria that Cause Struvite Stones
Case: A 25-year-old woman with recurrent UTI has recently 
completed a course of antimicrobials after suffering from a UTI 

caused by P. mirabilis. A post-therapy urine culture is obtained 
and grows the same organism. She is currently asymptomatic.

P. mirabilis causes alkalinization of the urine, leading to pre-
cipitation of calcium, magnesium, ammonium, and phosphate 
salts and subsequent struvite stone formation. These stones have 
become known as staghorn calculi because they tend to be large 
stones that take on the shape of the renal collecting system. Bac-
teria persist within these struvite stones, and bacteriuria tends to 
recur almost immediately on discontinuation of antimicrobial 
therapy. Struvite stones often contain minimal calcium and may 
not be evident on plain fi lm radiographs.7

Congenital Urinary Tract Anomalies
Case: An 18-year-old woman with a known history of uretero-
pelvic junction obstruction presents with a history of recurrent 
UTIs.

In patients with anomalies of the urinary tract and UTI, 
recurrent bacteriuria with the same organism typically occurs 
until the anomalous structure is surgically corrected. Such 
anomalies include ureteral duplication with ectopic ureter, 
pericalyceal diverticula, urachal cysts, unilateral medullary 
sponge kidneys, and congenital obstructions with nonfunction-
ing kidneys.7

Pregnancy
Case: A 29-year-old pregnant woman in her third trimester 
presents with fever, left-sided fl ank pain, nausea, and vomiting.

On initial assessment, history or fi ndings 
suggestive of:
• Ureteral obstruction (may include stone, stricture, tumor, 

history of genitourinary surgery, or congenital 
obstruction)

• Sepsis/fever

• Severe diabetes mellitus

• Neurogenic bladder

• Papillary necrosis (sickle cell, diabetes, analgesic abuse)

• Polycystic kidney disease on dialysis

After initial treatment:
• Pyelonephritis with poor response to therapy after 72 hr

• Unusual infecting organism (urea-splitting organism, 
tuberculosis, fungus)

Box 86-3 When Is It Appropriate to 
Obtain Imaging?

Modifi ed from Schaeffer AJ: Infections of the urinary tract. Walsh PC, Retik AB, 
Vaughan ED Jr, Wein AJ (eds): Campbell’s Urology. Philadelphia, WB Saunders, 2002, 
516-602.

Table 86-5 Host Risk Factors for Complicated Urinary Tract Infection

Structural/Functional Abnormality Compromised Host by History Virulent Bacteria

Obstruction Pregnancy Recent antimicrobial use
Congenital urinary tract abnormality Diabetes Hospitalized or nursing home patient

Spinal cord injury Recent urinary tract instrumentation

Data from Hooton TM: Pathogenesis of urinary tract infections: An update. J Antimicrob Chemother 46(Suppl 1):1-7; discussion 63-65, 2000; Bent S, 
Nallamothu BK, Simel DL, et al: Does this woman have an acute uncomplicated urinary tract infection? JAMA 287:2701-2710, 2002; Ronald A: The 
etiology of urinary tract infection: Traditional and emerging pathogens. Am J Med 113(Suppl 1A):14S-19S, 2002.

Table 86-6 Pathogens Cultured in Complicated 
Urinary Tract Infections

Gram-negative organisms
Escherichia coli 21-54%
Proteus mirabilis  1-10%
Klebsiella species  2-17%
Citrobacter species  5%
Enterobacter species  2-10%
Pseudomonas aeruginosa  2-19%
Other  6-20%

Gram-positive organisms
Coagulase-negative staphylococci  1-4%
Enterococci  1-23%
Group B streptococci  1-4%
Staphylococcus aureus  1-2%
Other  2%

From Nicolle LE: Recurrent urinary tract infection in adult women: 
Diagnosis and treatment. Infect Dis Clin North Am 1:791-806, 1987.
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Although it has been shown that the incidence of bacteriuria 
in pregnant women is similar to that in their nonpregnant coun-
terparts, the incidence of acute pyelonephritis is signifi cantly 
increased in pregnant women compared with nonpregnant 
women.47 This is perhaps due to the numerous anatomic and 
physiologic changes that occur in the urinary tract during preg-
nancy (Box 86-4). Not surprisingly, pyelonephritis is most com-
monly seen in the third trimester, when stasis and hydronephrosis 
are most evident.7

Before the advent of antimicrobial therapy, pregnant women 
with pyelonephritis had an increased rate of infant prematurity 
and perinatal mortality. Today, there is continued debate in the 
literature as to whether gestational pyelonephritis leads to pre-
maturity and subsequent perinatal mortality. In any case, patients 
with pyelonephritis during pregnancy should be admitted and 
treated with parenteral agents.7Antimicrobials that are safe to use 
during pregnancy include penicillins, cephalosporins, and nitro-
furantoin. The latter, however, should not be used in pyelone-
phritis, because it does not achieve adequate tissue penetration. 
Agents that may be harmful to the developing fetus should be 
avoided. Fluoroquinolones may impair cartilage development, 
and TMP-SMX is associated with antifolate teratogenicity in the 
fi rst trimester and with neonatal hyperbilirubinemia in the third 
trimester.48 After treatment, women should either be given pro-
phylaxis or monitored closely throughout the remainder of the 
pregnancy, because there is an increased risk of repeated episodes 
of pyelonephritis.49

Diabetes Mellitus
Case: A 45-year-old woman with poorly controlled diabetes is 
admitted to the hospital with acute pyelonephritis. Despite par-
enteral antimicrobial therapy for 3 days, she continues to have 
high, spiking temperatures.

The incidence of UTI in diabetic women has been shown to 
be substantially higher than in nondiabetic women.50 Treatment 
may be more diffi cult if glomerulopathy is present, because urine 
concentration of antimicrobials may be less than optimal.7 
Diabetes is also associated with specifi c entities such as intrarenal 
and perirenal abscess, emphysematous pyelonephritis and cysti-
tis, xanthogranulomatous pyelonephritis, and papillary necrosis.8 
Further discussion of these entities is beyond the scope of this 
chapter.

Spinal Cord Injuries
Case: A 27-year-old woman with a history of a thoracic spinal 
cord injury presents with fevers and foul-smelling urine. She 
manages her bladder with clean intermittent catheterization.

The method of bladder management plays a large role in UTI 
in these patients. Patients with indwelling urethral or suprapubic 
catheters have high rates of infection.51 Clean intermittent cath-
eterization was introduced in 1972 and revolutionized bladder 
management of patients with spinal cord injury. It has been 
shown to reduce the risk factors for UTI by decreasing intravesi-
cal pressure and the incidence of stones.52 Nevertheless, UTI is a 
common problem in spinal cord–injured patients and is often 
diffi cult to diagnose. Because of loss of sensation, patients do not 
present with the typical symptoms of frequency, urgency, or 
dysuria. Additionally, urinalysis in these patients often demon-
strates bacteriuria and pyuria regardless of the presence of infec-
tion. Therefore, the diagnosis is often clinical, based on symptoms 
of fl ank, back, or abdominal discomfort; leakage between cathe-
terizations; fever; increased spasticity; and/or cloudy, malodor-
ous urine.7 A urine culture must be obtained before therapy is 
initiated, because there is a high probability of bacterial resis-
tance.7 Spinal cord–injured patients with recurrent UTI should 
undergo urinary tract imaging, urodynamic testing, and a review 
of their bladder management program.53

SPECIAL CONSIDERATIONS

Urinary Tract Infection Prophylaxis

A nonantimicrobial treatment that prevents UTIs would be 
extremely useful for women who suffer from recurrent UTIs.

Cranberry
Two compounds in cranberries, fructose and proanthocyanidin, 
have been found to inhibit E. coli adhesins in vitro.54 This fi nding 
is likely the basis for the widespread belief among laypersons that 
cranberries prevent UTIs. Despite a number of clinical trials, at 
this time there is no compelling evidence that cranberries or 
cranberry products prevent UTIs.55

Lactobacilli
Lactobacillus probiotics have been proposed as means of enhanc-
ing the natural host defenses by restoring the presence of a normal 
vaginal microfl ora.56,57 Various properties of lactobacillus are 
believed to be protective against uropathogenic organisms. These 
include maintenance of an acidic pH, direct killing of pathogens 
through the production of H2O2, and competitive inhibition of 
bacterial adherence.58

Multiple small trials have been conducted using Lactobacillus 
species to recolonize the vaginas of women with recurrent UTI. 
These studies have produced mixed results, and further research 
in this area is needed.57

Vaccine
Several vaccines to provide protection against UTI caused by 
E. coli or other uropathogens are currently under development. 
Preliminary studies are promising for short-term protection 
from recurrences, but it remains to be seen whether long-term 
effi cacy can be demonstrated.57

Asymptomatic Bacteriuria of Pregnancy

Asymptomatic bacteriuria occurs in 4% to 6% of both pregnant 
and nonpregnant women.59Despite these similar rates, the 
number of pregnant women who develop pyelonephritis is sig-

Collecting system
• Decreased peristalsis of the collecting system and ureters

• Mechanical obstruction of the ureters secondary to 
enlarging uterus

Bladder
• Displaced superiorly and anteriorly

Kidneys
• Increased glomerular fi ltration rate (GFR) by 30-50%

Box 86-4 Urinary Tract Changes in Pregnancy

From Waltzer WC: The urinary tract in pregnancy. J Urol 125:271-276, 1981.
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nifi cantly higher than in nonpregnant women. It has been 
reported that as many as 20% to 40% of pregnant women 
with asymptomatic bacteriuria subsequently develop acute 
pyelonephritis.60,61 Treatment of bacteriuria early in pregnancy 
has been shown to decrease the incidence of pyelonephritis by 
90%.62

The American College of Obstetricians and Gynecologists 
currently recommends screening for asymptomatic bacteriuria in 

pregnancy.60,63 Obtaining a urine culture once at the end of the 
fi rst trimester is suffi cient. Repeated screening of women with 
initial negative urine cultures is not recommended, because the 
risk of pyelonephritis is low.63 If the urine culture is positive, a 
repeat specimen for culture should be obtained and treatment 
initiated. After treatment, women should have periodic urine 
cultures to identify recurrent bacteriuria throughout the remain-
der of the pregnancy.64
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Chapter 87

VULVAR AND VAGINAL PAIN, DYSPAREUNIA, 
AND ABNORMAL VAGINAL DISCHARGE
Andrea J. Rapkin and Monica Lee

DEFINITION OF VULVODYNIA AND 
CURRENT NOMENCLATURE

The purpose of this chapter is to outline the anatomy and physi-
ology of vulvar and vaginal pain syndromes and to explore the 
differential diagnosis and management of vulvar and vaginal pain 
and dyspareunia (Tables 87-1 and 87-2), including the roles of 
medication, surgery, psychotherapy, and multidisciplinary pain 
management. The differential diagnosis and management of 
abnormal vaginal discharge is also discussed.

Vulvar pain syndromes are characterized by unexplained 
burning or any combination of stinging, irritation, itching, pain 
or rawness anywhere from the mons pubis to the anus that causes 
physical, sexual, and psychological distress. A multitude of terms 
have been used in the literature to describe vulvar pain syn-
dromes. Vulvodynia was fi rst described in 1889 by A. J. C. Skene1 
but received little attention until the 1970s. The International 
Society for the Study of Vulvovaginal Diseases (ISSVD) aban-
doned the term “burning vulva syndrome,” fi rst described in 
1984,2 and introduced a classifi cation wherein the two principal 
divisions were vulvar vestibulitis syndrome (VVS) and dyses-
thetic or essential vulvodynia.3 The most recent classifi cation of 
vulvar pain, which was agreed on at the October 2003 Congress 
of the ISSVD, consists of two major categories4:

1. Vulvar pain related to a specifi c disorder
 a. Infection
 b. Infl ammation
 c. Neoplasm
 d. Neurologic disease
2. Vulvodynia: vulvar discomfort, usually described as burning 

pain, occurring in the absence of a specifi c disorder
 a.  Generalized (involving the entire vulva) or localized 

(involving a portion or component of the vulva, such as 
the vestibule, clitoris, or hemivulva)

 b.  Provoked (i.e., by sexual and/or nonsexual contact), 
unprovoked (i.e., spontaneous), or mixed (provoked and 
unprovoked).

The term vestibulitis signifi es the presence of infl ammation, 
which was thought to be misleading because much evidence sug-
gests no such presence. Therefore, the ISSVD voted to discon-
tinue use of this term.

INCIDENCE AND EPIDEMIOLOGY OF VULVODYNIA

The typical patient with vulvodynia used to be described as a 
nulliparous woman in her 20s or early 30s who often may have 
developed symptoms suddenly.5 The true prevalence of vulvo-

dynia is uncertain due to its recent recognition; however, a 1991 
study of 210 consecutive patients seen at a private practice for 
general gynecology found that 37% had some degree of positive 
testing for vulvar discomfort, and 15% met full criteria.6 A survey 
of more than 4900 women aged 18 to 64 years reported that 16% 
of the 3000 respondents had experienced vulvar pain lasting at 
least 3 months; 7% had vulvar pain at the time of the survey, and 
many had seen up to fi ve different doctors for this problem.7 
Unexplained vulvar pain was found to be of similar incidence 
among white and African American women. Hispanic women 
were 80% more likely than white women to have experienced 
chronic vulvar pain.

ANATOMY OF THE VULVA AND VAGINA

The vulva is the part of female anatomy located between the 
genitocrural folds laterally and between the mons pubis anteri-
orly and the anus posteriorly (Fig. 87-1).8 It is composed of the 
labia majora, labia minora, mons pubis, clitoris, vestibule, urinary 
meatus, vaginal orifi ce, hymen, Bartholin’s glands, Skene’s ducts, 
and vestibulovaginal bulbs.

The labia majora form the lateral boundaries of the vulva 
and consist of two large folds of adipose and fi brous tissue. 
Anteriorly, the labia majora fuse into the mons pubis; posteriorly, 
they become narrower and fl atter and terminate 3 to 4 cm 
anterior to the anus, where they are united by the posterior 
commissure or fourchette. The skin of the labia majora is usually 
darker than the adjacent skin. The skin has an outer lining 
of stratifi ed squamous epithelium. Within the dermis are 
numerous hair follicles and sebaceous, sweat (eccrine), and 
apocrine glands.

The labia minora lie between the labia majora and consist of 
two fl at folds of connective tissue containing little or no adipose 
tissue. They are covered by skin on their lateral aspects and par-
tially so on their medial aspects. Hart’s line separates the medial 
boundary of the minora from the vestibule and is the line of 
demarcation between the skin and mucous membrane; it runs 
along the base of the inner aspect of each labia minora, passes 
into the fossa navicularis, and separates the skin boundary of the 
fourchette from the mucous membrane of the hymen. The labia 
minora are 4 to 5 cm in length and 0.5 cm in thickness. Anteri-
orly, each divides into two parts, one passing over the clitoris to 
form the prepuce and the other joining the clitoris to form the 
frenulum. Posteriorly, they tend to become smaller and blend 
with the medial surfaces of the labia majora or unite anterior to 
the posterior commissure to form the fourchette. The skin and 
mucosa of the labia minora are extremely rich in sebaceous 
glands. During sexual excitement, the labia minora frequently 
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become swollen and congested and take on the appearance of 
erectile tissue.

The clitoris is the female homologue of the penis. It consists 
of two cylindrical erectile bodies, called the corpora cavernosa, 
that terminate in the vestibule as the glans. The body of the 
clitoris is approximately 2 cm long, is formed by the fusion 
of the two corpora cavernosa, and extends posteriorly from 
the pubic arch to the glans. The glans of the clitoris is covered 
by a mucous membrane containing many special nerve end 
organs.

The vestibule is the portion of the vulva that extends from the 
clitoris to the fourchette and is visible on separation of the labia 
majora. Hart’s line represents the outer perimeter of the vulvar 
vestibule, and the inner margin of the vestibule is the hymen. The 
vestibule is covered by nonpigmented, nonkeratinized squamous 
epithelium and is devoid of skin adnexa. It contains mucus-
secreting minor vestibular glands. The ductal orifi ces of Bartho-
lin’s glands, the periurethral gland complexes of Skene, and the 
urethral meatus all empty onto the vestibular surface. The vagina 
opens into the vestibule. The hymen is the thin membrane of 

Table 87-1 Differential Diagnosis of Dyspareunia

Fissure Anal fi ssure
Posterior fourchette fi ssure
Enteroperineal fi ssure (Crohn’s disease)
Lichen sclerosus
Vaginal atrophy
Vulvovaginitis

Pruritus Dermatitis
Human papillomavirus infection
Lichen planus
Lichen sclerosus
Lichen simplex chronicus
Seminal plasma allergy
Vaginal atrophy
Vulvovaginitis

Ulcer Behçet’s syndrome
Chancroid
Herpes simplex virus infection
Lichen planus

Erythema Bartholin’s abscess
Dermatitis
Desquamative infl ammatory vaginitis
Hemorrhoids
Seminal plasma allergy
Vulvar vestibulitis
Vulvovaginitis

Mass/tumor/swelling Bartholin’s abscess
Bartholin’s cyst
Hemorrhoids
Labial hypertrophy
Radiation
Urethral caruncle
Urethral diverticulum

Urinary tract lesions Urethral caruncle
Urethral diverticulum
Urethritis

Dryness Inadequate sexual arousal/lubrication
Radiation
Vaginal atrophy

No vulvar lesions Episiotomy scar
Female circumcision
Inadequate sexual arousal/lubrication
Rigid hymeneal ring
Vaginismus
Vulvar neuroma
Vulvar vestibulitis
Vulvodynia
Vulvovaginitis

Entry dyspareunia Bartholin’s gland cyst or abscess
Behçet’s syndrome
Chancroid
Dermatitis: allergy, vulvovaginitis, 

atopic vulvitis
Desquamative infl ammatory vaginitis
Episiotomy scar
Female circumcision
Fissure: anal, posterior fourchette, 

enteroperineal (Crohn’s)
Hemorrhoids
Herpes simplex or zoster
Inadequate sexual arousal and 

lubrication
Labial hypertrophy
Lichen planus
Lichen sclerosus
Lichen simplex chronicus
Mullerian abnormality
Post-traumatic pubic symphysis pain
Radiation damage
Rigid hymenal ring
Seminal plasma allergy
Urethral caruncle
Urethral diverticulum
Urethritis
Vaginal atrophy
Vaginismus
Vulvar vestibulitis
Vulvodynia
Vulvovaginitis

Deep dyspareunia Adenomyosis
Endometriosis
Fixed uterine retroversion
Infl ammatory bowel disease
Interstitial cystitis
Irritable bowel syndrome
Leiomyomas
Ovarian pathology
Pelvic adhesions
Pelvic fl oor relaxation
Pelvic infl ammatory disease
Radiation-induced vaginal scarring
Rectocele
Shortened vagina
Urethral syndrome
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connective tissue over the entrance of the vagina into the vesti-
bule. Bartholin’s glands lie deep beneath the fascia, one on each 
side of the vestibule, posterolaterally to the vaginal orifi ce. The 
cells lining the acini contain mucin, which is secreted during 
sexual excitement and contributes to lubrication of the vaginal 
orifi ce. The main ducts of Bartholin’s glands open into the ves-
tibule at approximately the 5 and 7 o’clock positions, outside the 
hymenal ring. The urethra opens into the vestibule just anterior 
to the vaginal introitus.

Arterial blood supply to the vulva comes from the internal 
pudendal artery, which derives from the internal iliac artery 
(hypogastric artery), and from branches of the external pudendal 
artery, which derives from the femoral artery. The veins of the 
vulva form a large plexus, which empties into the internal and 
external pudendal veins.

Innervation of the vulva is supplied by the cutaneous branches 
of the ilioinguinal nerve anterosuperiorly and by the pudendal 
branches of the femoral cutaneous nerve posteroinferiorly (Fig. 
87-2). The three roots of the pudendal nerve derive from the 
second, third, and fourth sacral nerves; they unite approximately 
1 cm proximal to the ischial spine, then leave the pelvic cavity by 
passing though the greater sciatic foramen.9 The pudendal nerve 
subsequently passes posterior to the junction between the ischial 

Table 87-2 Evaluation of Patients with Vulvar or Vaginal Pain

History Detailed pain history, obstetric/gynecologic, sexual, medical, surgical, psychosocial, 
medications, allergies, habits, trauma

Vulvar examination Inspection: lesions (macules, papules, ulcers, nodules), fi ssures, fi stulas, infl ammation 
(edema, erythema), discharge, tumors, anatomic abnormalities (surgical, congenital, 
traumatic).

Palpation: localize pain with cotton swab, identify specifi c neural distribution, vestibule, 
Bartholin’s, Skene’s, hymenal caliber, urethra

Biopsy and/or culture suspicious lesions (e.g., VIN, ulcers, verrucae, white or red plaques); 
colposcopic magnifi cation of lesions if indicated

Vaginal examination Speculum examination: inspect mucosa (color, rugations, lesions)
pH of discharge
Wet mount saline and KOH: infection, atrophy
Culture (fungal, bacterial): vagina, cervix
Cystocele, rectocele, enterocele, uterine prolapse, cervical discharge, lesions
Palpate, attempt to reproduce pain: hymen, bladder, individual pelvic fl oor muscles, ischial 

spine area for pudendal nerves, inferior hypogastric plexus (paracervical), cervical motion 
tenderness

Assess ability to contract and relax muscles 
Bimanual examination Uterus: size, shape, position, mobility, tenderness, uterosacral ligament thickening/

nodularity, tenderness, adnexal masses, tenderness, mobility
Cervical motion tenderness

Rectovaginal examination Rectal masses, stool guaiac, nodules/fi brosis in cul-de-sac
Additional diagnotic tests as needed Pelvic fl oor MRI, pelvic ultrasound, pudendal nerve conduction velocity, diagnostic nerve 

blocks (local, pudendal, inferior hypogastric), cystourethroscopy, sigmoidoscopy, physical 
therapist evaluation of pelvic fl oor, psychological/stress/couples evaluation, HSV 
serology, urine analysis and culture

Create differential or specifi c diagnoses Specifi c infectious, infl ammatory, or anatomic pathology.
Treat per diagnosis (e.g., pharmacologic, surgical)

Neuroplastic or neuropathic/neuromuscular pain requires a multidisciplinary approach: 
physical therapy, psychology (cognitive/behavioral/biofeedback/sexual), series of specifi c 
nerve blocks, pharmacologic (medications to alter nerve conduction or for depression/
anxiety, such as antidepressants, anticonvulsants, local anesthetics, or muscle relaxants 
[Botox])

HSV, herpes simplex virus; KOH, potassium hydroxide; MRI, magnetic resonance imaging; VIN, vulvar intraepithelial neoplasm.

spine and the sacrospinous ligament, then reenters the pelvic 
cavity through the lesser sciatic foramen and proceeds anteriorly 
through Alcock’s canal. The major cutaneous nerve supply of the 
perineum is provided by the branches of the pudendal nerve.9 
The inferior hemorrhoidal nerve supplies the posterior portion; 
the superfi cial branch of the perineal nerve divides into medial 
and lateral parts known as the posterior labial nerves, and the 
dorsal nerve of the clitoris innervates the clitoral area.

The vagina extends from the vestibule to the uterus and is 
directed obliquely upward and backward at an angle approxi-
mately 45 degrees to the horizontal axis. Its long axis is parallel 
to the plane of the pelvic brim and at a right angle to the uterus. 
The upper one third of the vagina is in contact with the base of 
the bladder, and the entire lower two thirds is in contact with the 
urethra. The vagina consists of three principal layers: an outer 
fi brous layer that derives from pelvic fascia, a middle muscular 
layer, and an inner mucosal layer.

The pelvic fl oor muscles include the levator ani, pubococ-
cygeus, and coccygeus muscles. All of the fasciae investing the 
muscles form a continuum of connective tissue that joins the 
fascial covering of the pelvic viscera above with the fascia of 
the perineum below.9 The levator ani muscle is a broad, thin 
structure that is attached to the inner surface of the side of the 
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true pelvis.9 It is attached anteriorly to the pelvic surface of 
the body of the pubis, lateral to the symphysis; behind, to the 
medial surface of the spine of the ischium; and between these two 
points, to the obturator fascia. Morphologically, the levator 
ani can be divided into the pubococcygeus and the iliococcygeus 
muscles.

The pubococcygeus muscle arises from the posterior surface 
of the pubis and from the anterior part of the obturator fascia. 
Its fi bers are directed backward, almost horizontally, along the 
line of the anal canal and become attached to the front of the 
coccyx by a tendinous plate that is continuous with the anterior 
sacrococcygeal ligament. The medial coccygeal muscle arises 
from the ischial spine and from the posterior part of the tendi-
nous arch of the levator ani muscle. Its fi bers attach to the sides 
of the coccyx and to the opposite muscle in the median raphe on 
the undersurface of the tendinous plates of the pubococcygeus 
that contribute to the anococcygeal ligament. The superior or 
pelvic surface of the levator ani is separated by its covering fascia 
from the bladder, rectum, and perineum, whereas its inferior and 
or perineal surface forms the medial boundary of the ischiorectal 
fossa and is covered by the inferior fascia of the pelvic diaphragm. 
Its posterior border is free and is separated from the coccygeus 
muscle by areolar tissue, whereas the medial borders of the two 
muscles are separated by the visceral outlet, an interval through 
which the urethra, vagina, and anorectum pass from the pelvis. 
The nerve supply of the levator ani muscle includes a branch 
from the S4 nerve, a branch that arises either from the inferior 

rectal nerve or from the perineal branch of the pudendal nerve. 
The function of the levator ani muscle is constriction of the lower 
end of the rectum and vagina, and probably fi xation of the 
perineal body as well. The levator ani, together with the coccygei, 
form a muscular diaphragm that supports the pelvic viscera and 
opposes itself to the downward thrust produced by any increase 
in intra-abdominal pressure.

The coccygeus muscle is posterosuperior in the same tissue 
plane as the levator ani muscle. It consists of a triangular sheath 
of muscular and tendinous fi bers, arising by its apex from the 
pelvic surface of the spine of the ischium and sacrospinous liga-
ment. It is attached at its base to the margin of the coccyx and 
the side of the S5 segment. The muscle receives its nerve supply 
through branches of the S4 and S5 spinal nerves. The coccygeus 
functions in pulling forward and supporting the coccyx after it 
has been pressed backward during defecation or parturition. The 
coccygeus, together with the levator ani and piriformis muscles, 
closes the posterior part of the pelvic outlet.

The chief sources of blood supply to the vagina are the uterine, 
pudendal, and middle hemorrhoidal arteries, which arise from 
the internal iliac arteries. They form a plexus around the vagina. 
The upper portion is supplied by a descending branch of the 
uterine artery, the cervical-vaginal artery. The lower half of the 
vagina is supplied by ascending branches of the middle hemor-
rhoidal arteries; the dorsal artery, which originates from the 
internal pudendal, supplies the clitoris.

EVALUATION

History

Obtaining a thorough history is critical in the evaluation and 
management of vulvar or vaginal pain and dyspareunia (see 
Table 87-2). Pain symptoms must be well characterized to assess 
the onset, type of pain (burning, itching, stinging, irritating), 
timing (constant or cyclic), associated activities (e.g., intercourse, 
exercise, stress), inciting agents (perfume, lotions, detergents, 
clothing), and relieving factors (e.g., antifungal medications). A 
daily pain diary may better defi ne these characteristics. Pain 
should be quantifi ed on each visit on a scale of 1 (no pain) to 10 
(maximal pain imaginable). Concurrent gynecologic, genitouri-
nary, and gastrointestinal symptoms should be identifi ed.

In addition, past or current infections (human papillomavirus 
[HPV], herpes, Candida), medications, local and systemic der-
matologic disorders, neurologic disorders (e.g., herniated disk, 
herpes zoster, pudendal or genitofemoral neuralgia), urologic 
disorders (interstitial cystitis, urethral syndrome), physical 
trauma (vaginal deliveries, episiotomy, vaginal surgery), and 
fi bromyalgia should be ascertained. Sexual history evaluating 
arousal, lubrication, ability to achieve orgasm, whether pain is 
primary or secondary, and a history of sexual, physical, or 
emotional abuse should be addressed.10

Physical Examination

In many cases, the vulva appears normal. However, careful 
inspection should be performed to evaluate for discoloration 
(erythema, hypopigmentation, or hyperpigmentation), lesions 
(ulcers and fi ssures) and atrophy (white epithelium consistent 
with lichen sclerosis or absence of well-estrogenized tissue). On 
examination, tenderness (hyperesthesia) at the periurethral or 
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Bartholin’s glands and the vulvar vestibule should be outlined 
using a cotton-tipped swab, scored (on a scale from 0, no pain, 
to 10, severe pain), and recorded.

The hymeneal ring should be assessed for remnants or tight 
annular hymen which could tear with intercourse and cause 
dyspareunia. Tone and tenderness and trigger points of the pelvic 
fl oor muscles should be assessed. Pudendal nerves proximal to 
the ischial spines should be palpated for tenderness. It should 
be determined whether the pain is within the distribution of a 
particular branch of the pudendal, genitofemoral, ilioinguinal, or 
inferior hypogastric nerve.

Vaginal pH, whiff test, and microscopic examination of the 
vaginal secretions with saline and potassium hydroxide (KOH) 
should be performed to rule out vaginitis, vaginosis, and vaginal 
atrophy. Vaginal fl uid may be cultured for Candida (because 
microscopic evaluation reveals candidiasis in only 50% of cases), 
bacterial culture and immunoglobulin E (to evaluate for local 
allergy). All lesions or discolorations should be further evaluated 

by colposcopy or biopsy to evaluate for an underlying dermatosis 
or an infectious or neoplastic process.10

DIFFERENTIAL DIAGNOSIS OF VULVAR OR 
VAGINAL PAIN

Vaginitis

The vaginal mucosa has only a few nerve endings needed for the 
sensations of pain and light touch.11 For this reason, many vaginal 
infections are asymptomatic until the discharge reaches the vulva, 
where there is abundant somatic innervation. The problem is 
then perceived as vulvar itching, burning, or pain.

Vaginal Ecology
In childhood and menopause, in the absence of estrogen, the 
vaginal epithelium is thin and undifferentiated.11 Estrogen causes 
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thickening of the epithelium and a differentiation into well-
recognized layers (basal, intermediate, and superfi cial). The per-
centage of superfi cial cells on a vaginal smear is indicative of the 
amount of estrogen activity. The vagina has a large amount of 
glycogen, second only to the liver, and it is most available in the 
superfi cial layers. Estrogen effects the formation and deposition 
of glycogen in the vagina.

Glycogen is important as a substrate for a series of enzymatic 
and fermentative processes that result in the production of lactic 
and acetic acid. Normal vaginal fl ora, consisting largely of lacto-
bacilli and acidogenic corynebacteria, produce lactic and acetic 
acid from glycogen and its breakdown products. These organisms 
exist in a delicate balance with a small amount of Candida. The 
result of this symbiosis is a low vaginal pH, a milieu that is highly 
selective for bacterial growth and favors only the lactobacilli, 
corynebacteria, and Candida organisms. Changes in the vaginal 
fl ora pH or inoculum of a large amount of foreign bacteria can 
change this delicate equilibrium and lead to overgrowth of foreign 
invaders. At a low pH (3.5 to 4.1), normal vaginal fl ora predomi-
nate, but as the pH rises, various pathogens replace them. Inter-
ruption of the delicate balance of the vaginal fl ora can result from 
antibiotic treatments, pregnancy, oral contraceptives, inter-
course, and menses. The vaginal pH is increased with vaginitis, 
bacterial vaginosis, and atrophy.

Vaginitis: Description, Diagnosis, Treatment

Bacterial Vaginosis
Bacterial vaginosis, the leading cause of abnormal vaginal dis-
charge (according to the American College of Obstetricians and 
Gynecologists [ACOG], 1996) is a polymicrobial syndrome in 
which synergistic activity occurs among a characteristic set of 
bacterial species (Gardnerella vaginalis and anaerobic bacteria).12 
Risk factors for bacterial vaginosis infection include multiple or 
new sexual partners (male or female), early age at fi rst coitus, 
douching, cigarette smoking, and use of an intrauterine contra-
ceptive device. Approximately 50% to 75% of women who have 
bacterial vaginosis are asymptomatic. Symptomatic bacterial 
vaginosis is associated with a “fi shy” odor, thin white or gray 
discharge, absence of pruritus, and infl ammation with rare 
dysuria and dyspareunia.

Diagnosis of bacterial vaginosis is by clinical criteria. Three of 
the four Amstel criteria have been traditionally needed for diag-
nosis of bacterial vaginosis. However, a recent study showed that 
use of only two of the four criteria does not change the specifi city 
or sensitivity of diagnosis.13 The Amstel criteria include the 
following:

1. Homogeneous, grayish-white discharge
2. Vaginal pH greater than 4.5
3. Positive whiff-amine test, defi ned as the presence of a fi shy 

odor when 10% KOH is added to vaginal discharge 
samples

4. Clue cells on saline wet mount. (Vaginal culture plays no 
role in diagnosis, because the organisms are detected in 
50% to 60% of healthy asymptomatic women.)

Treatment of bacterial vaginosis is indicated for patients with 
symptomatic infection, those with asymptomatic infection before 
abortion or hysterectomy, and asymptomatic women with previ-
ous preterm births. It is not necessary to treat sexual partners. 
The condition spontaneously resolves in up to one third of 

women. Treatment regimens include metronidazole or clinda-
mycin, orally or intravaginally. Metronidazole is the most suc-
cessful therapy, with cure rates of greater than 90% in 1 week and 
80% at 4 weeks.14,15 The recommended dose is 500 mg twice a 
day for 7 days.16 Topical vaginal therapy with 0.75% metronida-
zole gel, 5 g once daily for 5 days, is just as effective as the oral 
regimen.16,17 A single oral dose of 2 g of metronidazole is an 
alternative regimen with higher relapse rate but a similar imme-
diate rate of response.16 Clindamycin appears to be less effective 
but is a reasonable alternative to metronidazole. It is available as 
topical vaginal therapy 2% cream, 5 g once daily for 7 days, or 
oral therapy at 300 mg twice daily for 7 days, or ovules 100 mg 
once daily for 3 days. Other, less effective therapies include triple-
sulfa creams, erythromycin, tetracycline, acetic gel, povidone-
iodine pouches, ampicillin, and amoxicillin.

Candida
Candida vulvovaginitis accounts for approximately one third of 
vaginitis cases. Studies suggest that 75% of women will suffer an 
attack at least once in their life.8 The infection is less common in 
postmenopausal women unless they take estrogen therapy. About 
half of those infected experience more than one episode.

Candida albicans infection accounts for 80% to 90% of can-
didiasis cases; the remainder are evenly split between Candida 
glabrata and Candida tropicalis. The presence of estrogen, directly 
or indirectly, enhances candidal growth.18 The organism thrives 
in many body locations, such as vaginal fl uid,19 as well as unsterile 
saliva.20 In one study, one half of infected patients were found to 
harbor Candida in the mouth, and about one third had Candida 
in the anorectal tract; one fourth were found to be colonized in 
the vagina.21 Besides the gut and vagina, intertriginous skin areas 
are especially susceptible including the vulva, groin, axillae, 
coronal sulcus, and the skin folds of the breast and panniculus. 
The organism needs warmth and moisture and does not survive 
long on dry skin. Tight-fi tting clothing, especially if made of 
synthetic fabric, is more conducive to Candida than loose 
clothing is.

The mechanism by which Candida species cause symptomatic 
disease is complex, and includes the host infl ammatory response 
to invasion and yeast virulence factors (e.g., elaboration of pro-
teases). Factors predisposing to symptomatic infection include 
diabetes, immune suppression, pregnancy, oral contraceptives, 
antibiotics, metabolic factors (hypothyroidism, anemia, zinc 
defi ciency), and diet. Pregnancy is the most common predispos-
ing factor, with the incidence and severity of infection increasing 
with the duration of gestation. The increased glycogen content 
and high hormone levels constitute a favorable environment for 
the growth of candidal organisms. The newer oral contraceptives 
have lower estrogen levels and do not seem to predispose patients 
to Candida infection. Furthermore, one study found that only 
pill-using women with active herpetic, condylomatous, or anaer-
obic vaginal infections had increased prevalence of candidiasis.22 
Antimicrobials are thought to act as predisposing factors by 
reducing the number of protective resident bacteria. Some studies 
have shown that those patients who go on binges of dietary sweets 
suffer from recurrence of candidiasis and have high levels of 
urinary sugars derived from lactose and sucrose. By restricting 
lactose intake, 90% of these patients were able to maintain disease 
free intervals for longer than 1 year. If a patient has chronic 
refractory candidiasis, one may consider the possibility of 
acquired immunodefi ciency syndrome (AIDS). Candidiasis has 
not been traditionally considered a sexually transmitted disease 
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(STD), especially because it does occur in celibate women. 
However, it may be linked to orogenital sex.23

Vulvar pruritus is the main symptom of candidiasis. Some 
women notice itching only before menses, and others complain 
of symptoms only after intercourse. Burning is also a common 
complaint, particularly on urination, and it is often experienced 
in those who scratch. Some patients develop refl exive urinary 
urgency and frequency. The combination of these symptoms can 
often be mistakenly diagnosed as cystitis. Dyspareunia can be 
present. Physical examination reveals erythema of the vulva 
(sometimes with erythematous papules or satellite lesions) and 
vaginal mucosa. The discharge is classically described as thick, 
adherent, and “cottage-cheese like,” but it can also be thin and 
loose.

Diagnosis is by vaginal pH, wet-mount, KOH, and culture. 
Candidal vaginal pH is 4 to 4.5. A pH value of 4.7 or higher 
essentially limits the diagnosis to candidiasis or physiologic dis-
charge. The diagnosis is confi rmed by KOH wet mount and 
microscopic examination of vaginal material. The addition of 
10% KOH destroys cellular elements and facilitates recognition 
of budding yeast and pseudohyphae. Because microscopy is nega-
tive in up to 50% of patients with confi rmed vulvovaginal can-
didiasis, culture should be performed for patients with persistent 
or recurrent symptoms.

Treatment of candidiasis is indicated for relief of symptoms. 
Those who harbor Candida but are asymptomatic do not require 
therapy. Most patients (90%) have uncomplicated infections. 
The most commonly used antifungal agents are the azoles. There 
are both oral and vaginal preparations. The only oral preparation 
recommended is fl uconazole: a 150-mg dose of fl uconazole is as 
effective as multiple doses of intravaginal clotrimazole and oral 
butoconazole. Complicated infections occur in women with 
uncontrolled diabetes, immunosuppression, or a history of recur-
rent vulvovaginal candidiasis, and in those who are infected with 
Torulopsis (Candida) glabrata, or C. tropicalis. These women are 
less likely to respond to short courses of antimycotic drugs and 
may require 7 to 14 days of topical therapy or two doses of oral 
therapy 72 hours apart. Between 65% and 70% of those infected 
with C. glabrata respond to intravaginal boric acid (600 mg daily 
for 2 weeks), or a cure rate of more than 90% may be achieved 
with fl ucytosine cream (5 g nightly for 2 weeks).24 Documented 
recurrent infections warrant testing for human immunodefi -
ciency virus (HIV) infection and glucose tolerance testing and 
may require weekly and then monthly therapy for 4 to 6 
months.

Trichomonas
The prevalence of Trichomonas infection depends greatly on the 
population studied. Trichomonas was found in 3% of unselected, 
asymptomatic college women,25 15% of private patients with leu-
khorrea,26 6% to 8.9% of pregnant women,27 and 34% of preg-
nant inner-city adolescents.28 Nevertheless, there seems little 
justifi cation for screening low-risk, nonpregnant, asymptomatic 
individuals.

Trichomonas vaginalis is a unicellular protozoan fl agellate, 
round or almond-shaped, slightly larger than a polymorphonu-
clear leukocyte.8 Under high-power microscopy, four fl agella 
can be seen to protrude from the forward end of the tricho-
monad. They are found in the vagina, urethra, and paraurethral 
glands.

This disorder is almost always sexually transmitted and can be 
identifi ed in 30% to 40% of male sexual partners of infected 

women. The infection is associated with a high prevalence of 
coinfection with other STDs. There is a positive association 
between trichomonas infection and HIV infection.29 Trichomo-
nads can survive in an aqueous environment between 20 and 30 
degrees and can remain infectious for up to 24 hours.30 Women 
can deposit the trichomonads on toilet seats, on which the organ-
ism can survive up to 45 minutes.31

There are several signs and symptoms of trichomoniasis. One 
pathognomonic sign is abundant green, frothy, foul-smelling 
discharge with an alkaline pH (>6). Sometimes, generalized ery-
thema is the only gross change in the vaginal tissue. “Strawberry 
vagina” is also associated with trichomoniasis, when the presence 
of swollen papillae project through a layer of discharge. Pruritus, 
or itching, is the second most common manifestation of tricho-
moniasis. Other symptoms include dyspareunia, urinary symp-
toms from urethrocystitis, discharge from the urethra and Skene’s 
ducts, and erythema of the vulva.

The most practical and cost-effective diagnostic test available 
is still the saline wet mount done in a clinic setting.8 However, 
motile trichomonads are found only in 50% to 70% of culture-
confi rmed cases. Culture on Diamond’s medium is 95% sensitive 
and more than 95% specifi c but should only be used if there is a 
high clinical suspicion despite a negative wet mount result, or wet 
mount is unavailable. Diagnosis with classic Pap smears is not 
recommended, but diagnosis with liquid-based pap smears has 
been shown to be highly specifi c (99%) and sensitive (61%).32

Treatment is indicated in all nonpregnant women diagnosed 
with Trichomonas vaginitis and their sexual partners. Tricho-
monas is associated with preterm rupture of membranes and 
prematurity in pregnant women, but treatment has not been 
shown to decrease these complications.33 Oral metronidazole is 
the treatment of choice; it is preferred over the vaginal route, 
because systemic administration achieves therapeutic drug levels 
in the urethra and periurethral glands, which serve as sources for 
endogenous recurrence. There is no need to identify the source 
in the male partner before treating him. It has been shown that 
a single 2-g dose to both sexual partners is as effective as the 
classic regimen, 500 mg twice a day for 7 days.34 The advantages 
of the single-dose regimen include better compliance, a lower 
total dose, shorter period of alcohol avoidance (due to the disul-
fi ram-like effect of metronidazole), and possibly decreased 
Candida superinfection. In the event of treatment failure, the 
7-day regimen should be prescribed before resistance is sus-
pected; many cases of “failure” result from reinfection, possibly 
from a different or untreated partner.8

Desquamative Vaginitis
Desquamative infl ammatory vaginitis (DIV) is not a diagnosis in 
itself and may be the presentation of a range of blistering disor-
ders, including pemphigus vulgaris, lichen planus, and mucous 
membrane pemphigoid.35 The existence of an idiopathic subset 
of DIV remains controversial. It is a rare but disabling condition 
and manifests in women of any age with a history of discomfort, 
irritation, and dyspareunia. Women who develop DIV are differ-
ent from those who typically develop STDs, being older, married, 
and with higher levels of education. Patients may complain of 
increased yellow vaginal discharge.

Examination of the vulva is normal, but erythematous regions 
on the vaginal walls are evident, with increased vaginal secretion. 
Repeated cultures are negative for pathogenic bacteria, viruses, 
and yeast. Microscopic examination of the vaginal discharge 
shows an increased number of immature epithelial cells, typical 
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rounded parabasal cells, and an increase in polymorphonuclear 
leukocytes. Gram staining shows an absence of lactobacilli and 
occasionally increased levels of gram-positive cocci. The vaginal 
pH is increased from normal to 7.4. A biopsy of the erythematous 
portion of the vaginal wall for histology and immunofl uores-
cence is necessary to exclude any underlying cause of DIV.

This sterile infl ammatory vaginitis is diffi cult to treat, but 
successful therapy has been reported with steroids and clindamy-
cin. Studies have found that 2% clindamycin suppositories or 
high-potency intravaginal steroids alone or in combination with 
oral clindamycin for 4-6 weeks have been effective.36,37 Estrogen 
defi cient women need supplementary vaginal estrogen therapy to 
maintain remission.

Herpes Simplex Virus
In the United States, the frequency of genital herpes simplex virus 
(HSV) is increasing. There are two types of HSV infection; it is 
reported that HSV-2 causes the most genital infections, and 
HSV-1 causes the most labial infections. However, HSV-1 genital 
infections are very common. Prevalence of HSV is high: 21.9% 
were positive among 13,094 individuals surveyed by the Third 
National Health and Nutrition Examination.8 HSV is more com-
monly associated with women, African Americans, single marital 
status, higher number of sex partners, prior history of an STD, 
and urban residence.8

Infection is transmitted by direct sexual contact, most com-
monly when an active virus-secreting lesion is present. HSV has 
been recovered from asymptomatic male carriers and from the 
cervix of asymptomatic women. Subclinical shedding is common, 
occurring in 55% of women with HSV-2 and 29% of women with 
HSV-1.38 In 70% of patients, transmission was linked to sexual 
contact during periods of asymptomatic viral shedding. Trans-
mission of genital HSV was documented in 14 couples, and the 
risk was greater with male than female source partners (17% 
versus 4%).12

The types of genital HSV infection are primary, nonprimary 
fi rst episode, and recurrent. The clinical manifestations of genital 
HSV are variable, depending on the type of infection.39,40 In acute 
primary and recurrent infections, the initial presentation can be 
severe, with painful ulcers, dysuria, fever, tender inguinal lymph-
adenopathy, and headache. Other patients have a mild presenta-
tion or are entirely asymptomatic.39,41 Recurrent infections are 
typically less severe than primary or nonprimary fi rst-episode 
infections because of preexisting immunity. In turn, a non-
primary fi rst episode is typically less severe than the primary 
infection, because the antibodies to one HSV type offer some 
protection against the other. Recurrent infections are more 
common with HSV-2 than HSV-1: 60% versus 14% in patients 
with a fi rst symptomatic episode of genital herpes.42 Recurrent 
lesions are fewer in number and are more often unilateral than 
bilateral.39

In a primary infection, the average incubation period is 4 
days.40 Patients usually have multiple, bilateral, ulcerating, pus-
tular lesions that resolve after a mean of 9 days. Other symptoms 
include systemic headache, malaise, fever, and myalgia (67%); 
local pain and itching (98%); dysuria (63%); and tender lymph-
adenopathy (80%). Virus is very often isolated in the urethra and 
cervix of women with fi rst-episode infection.39 Extragenital man-
ifestations of HSV include orolabial symptoms, aseptic meningi-
tis, urinary bladder retention, distant skin lesions, herpetic 
whitlow, and proctitis. The clinical manifestations of HSV in 
immunocompromised patients are more extensive and include 

mucocutaneous involvement, variable appearance of genital 
lesions, and the development of chronic and recurrent ulcers. 
Patients may have prolonged viral shedding. In addition to genital 
symptoms, patients may also have more neurologic complica-
tions, such as aseptic meningitis, sacral radiculopathy, and trans-
verse myelitis.43

The differential diagnoses of HSV include syphilis, chancroid, 
Behçet’s disease, and drug eruptions. Diagnosis based on history 
and physical examination is often inaccurate, and laboratory 
testing is required. Diagnostic tests include viral culture, poly-
merase chain reaction (PCR), and direct fl uorescence antibody 
(DFA). Viral cultures can be obtained with active lesions; the 
vesicle should be unroofed for sampling of the vesicular fl uid. 
The overall sensitivity of viral culture is 50%,44,45 and the highest 
yield is in the early vesicular stages rather than the later, crusted 
stages.46 HSV PCR is a more sensitive method for samples taken 
from genital ulcers, mucocutaneous sites, and cerebrospinal 
fl uid, and it is particularly useful in detecting asymptomatic viral 
shedding.47-49 DFA is specifi c, reproducible, and less expensive 
than PCR. Serology is important because it is type-specifi c and 
antibodies persist indefi nitely in the serum.

Because HSV is a viral disease, there is no cure; however, drug 
treatment can shorten the duration of symptoms, and, in patients 
with frequent recurrences, medicine can be used as prophylactic 
therapy. There are three main drugs used in the treatment of 
HSV: acyclovir, famciclovir, and valacyclovir. In 2002, the Centers 
for Disease Control published treatment guidelines for the 
various types of HSV infection.16 Recommended regimens for 
individuals with fi rst episode are acyclovir (400 mg PO three 
times daily or 200 mg PO fi ve times a day), famciclovir (250 mg 
PO three times daily), or valacyclovir (1 g PO twice daily) for 7 
to 10 days. Recommended regimens for individuals for suppres-
sive therapy are acyclovir (400 mg PO twice daily), famciclovir 
(250 mg PO twice daily), or valacyclovir (1 g PO daily or 500 mg 
PO daily). Recommended regimens for individuals with recur-
rent episodes are acyclovir (400 mg PO three times daily or 
200 mg PO fi ve times a day or 800 mg PO twice daily), famci-
clovir (125 mg PO twice daily), or valacyclovir (1 g PO daily) 
for 5 days or valacyclovir (500 mg PO twice daily) for 3 to 5 days. 
Postherpetic neuralgia due to HSV has not been well docu-
mented, although the herpes virus can increase the risk of 
vulvodynia due to recurrent herpes prodromal symptoms or 
pudendal neuropathy. Prodromal symptoms may be accom-
panied by positive HSV immunoglobulin M antibody serology; 
they respond to antiviral agents, whereas the pudendal neuro-
pathy does not.

Human Papillomavirus
HPV infection can lead to vulvar itching and pain through its 
anogenital manifestations. Condylomata acuminata usually 
manifest as single or multiple papules on the vulva, cervix, vagina, 
perineum, or anal region. The most common sites in women are 
the posterior introitus, followed by the labia majora and labia 
minora. External HPV lesions are frequently associated with cer-
vical lesions. The lesions are fl esh-colored, hyperkeratotic, exo-
phytic, and either sessile or pedunculated.50 HPV subtypes, other 
than the low-risk types 6 and 11, are also closely associated with 
squamous intraepithelial lesions of the cervix.

Diagnosis begins with a clinical examination supplemented 
with histologic examination of suspicious lesions. Biopsy is rec-
ommended in atypical cases or if the benign nature of the lesion 
is unclear.
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There are several treatments for anogenital warts. For home 
therapy, podophyllotoxin or imiquimod may be used. For offi ce 
therapy, podophyllin or 40% trichloroacetic acid may be used. 
Surgical options include cryotherapy, laser therapy, electrosur-
gery, and surgical excision.

Atrophic Vaginitis
Estrogen-defi cient vaginal and vestibular epithelium can be asso-
ciated with itching, burning, and dyspareunia, due not just to 
decreased lubrication but also to fi ssuring from thin epithelium 
and poor compliance. Perimenopause or postmenopause status, 
use of hormonal contraceptives, and breastfeeding are the most 
common circumstances leading to atrophy. The vaginal epithe-
lium loses its glycogen-rich superfi cial epithelial cells; the vaginal 
walls loose rugation and become pale or subject to petechial 
hemorrhage on contact; and the vaginal pH is elevated to 5.5. A 
yellow discharge reveals increased intermediate and parabasal 
cells under saline wet mount microscopy. Treatment is with 14 
days of vaginal estrogen cream or suppository, followed by 
therapy twice weekly or use of an estrogen-secreting vaginal ring. 
Improvement can be expected in 2 months, but full estrogeniza-
tion may take up to 18 months. Systemic absorption is present 
but is minimal.

Dermatoses

Lichen Sclerosus
Lichen sclerosus is a benign, chronic, progressive dermatologic 
condition characterized by marked infl ammation, epithelial thin-
ning, and distinctive dermal changes.51 This disorder usually 
occurs in the anogenital area (85% to 98% of cases), where it 
causes itching and burning.52,53 In 20% of patients, identical 
lesions appear elsewhere on the body.8 Extragenital lichen scle-
rosus is most commonly found on the neck and shoulders and is 
usually asymptomatic. Pertaining to the vulva, the disorder can 
involve any or all areas, including the perianal skin, the skin folds 
adjacent to the thighs, and the inner aspects of the buttocks 
approximating the anus. The disorder usually occurs in post-
menopausal women. However, 10% to 15% of cases occur in 
children, most of which involve female genitalia.54 Even though 
the disease is reported to occur mostly in white females, lichen 
sclerosus has also been reported in Native Africans, Asians, and 
dark-skinned patients.

Multiple signs and symptoms are associated with lichen 
sclerosus. A prodrome to the gross lesions includes nonspecifi c, 
dull, painful vulvar discomfort in some women. Other women 
are asymptomatic. The major symptoms of the disorder include 
vulvar pruritus (which can be so intense as to disrupt sleep), 
pruritus ani, painful defecation, anal fi ssures, rectal bleeding, 
dysuria, and diffi culty voiding. Dyspareunia is associated 
with introital stenosis, fi ssures, or posterior defl ection of fused 
labia.

On physical examination, the lesions typically begin as white 
papules that are irregularly outlined and may coalesce into well-
defi ned plaques.8 Classic lesions consist of thin, white, “cigarette 
paper,” wrinkled skin localized to the labia minora and/or labia 
majora, although the whitening may extend over the perineum 
and around the anus in a keyhole fashion. Fissures may be found 
perianally, in the intralabial folds, or around the clitoris. Excoria-
tions and lichenifi cation may be observed, often associated with 
edema of the labia minora and the prepuce. Relatively minor 

rubbing or intercourse may lead to hemorrhage and/or petechiae 
with purpura and ecchymoses due to the fragility of the involved 
skin. Early in the course of the disease, vulvar architecture remains 
intact; however, phimosis of the clitoris and obliteration of the 
labia minora and periclitoral structures may be seen later in the 
course of the disease.

There is an increased risk of malignancy in patients with 
lichen sclerosus, of 4% to 6%. However, proof that lichen scle-
rosus causes cancer as a precursor lesion is lacking. The skin of 
patients with vulvar lichen sclerosus should be examined at least 
yearly. Biopsy should be performed of any thickened plaque that 
fails to thin with corticosteroid treatment or any persistently 
open or nonresolving lesion.

Diagnosis is by clinical characteristics and histologic confi r-
mation. Before treatment is initiated, if is important that confi r-
mation be made by histologic diagnosis. Multiple punch biopsies 
should be taken from the vulva, especially from sites of fi ssuring, 
ulceration, induration, and thick plaques.8 Treatment is for relief 
of symptoms and discomfort, to prevent further anatomic 
changes, and to possibly prevent malignant transformation. 
Therapy comprises education, behavioral modifi cation, support, 
and medication. Surgery is reserved for small subset of cases. 
Patients should fi rst be educated about the chronicity of the 
disease and reassured that the condition is manageable. A discus-
sion about the possibility of malignancy and the need for yearly 
monitoring should take place. Patients should be told about good 
vulvar hygiene and to stop scratching the lesion. The treatment 
with the best evidence of effi cacy is superpotent corticosteroid 
ointment, clobetasol propionate 0.05% daily for 6 to 12 weeks 
and then one to three times a week for maintenance.55 Long-
standing treatment with clobetasol does not appear to cause 
untoward skin effects. With the eradication of pruritus, hyper-
plastic lesions may improve or disappear entirely. There is no role 
for estrogen, progesterone, or testosterone cream in the treat-
ment of lichen sclerosus. Surgical intervention is indicated only 
for postinfl ammatory sequelae of the disease and when malig-
nancy is present. Introital stenosis, posterior fi ssuring, and scar-
ring of the fourchette are treated with perineoplasty. Surgical 
treatment for lichen sclerosus results in a recurrence rate that is 
extremely high, making the operation contraindicated in the 
absence of signifi cant atypia.8

Lichen Planus
Lichen planus is a relatively common papulosquamous disorder 
of unknown etiology. It has its highest incidence in patients 30 
to 60 years of age. It occurs most often on fl exor surfaces of the 
extremities and the trunk. It can also affect nails, mucous mem-
branes including the mouth, esophagus, conjunctivae, bladder, 
nose, larynx, stomach, and anus. It can be isolated to the vulva 
or be a part of a more generalized skin eruption. The prevalence 
of vulvar lichen planus is considered uncommon; it occurs in 
fewer than 10% of women who have lichen planus over a 3-year 
period.56

Patient complaints usually include irritating vaginal discharge, 
vulvar pruritus, burning, and dyspareunia with postcoital bleed-
ing. Physical examination fi ndings differ depending on the type 
of lesion. Papulosquamous lichen planus consists of small, 
intensely pruritic papules with a violaceous hue that arise on 
keratinized and perianal skin. Hypertrophic lichen planus is 
characterized by hyperkeratotic, rough lesions on the perineum 
and perianal region.57 The appearance is similar to squamous 
cell carcinoma. Erosive lichen planus refers to glassy, brightly 
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erythematous erosions with white striae or a white border 
(Wickham’s striae) often visible along the margins. It can occur 
on the labia minora and vestibule as isolated lesions on an oth-
erwise normal vulva or in association with marked architectural 
destruction, including loss of the labia minora and narrowing 
of the introitus. Vaginal involvement is reported in up to 70% 
of patients with erosive lichen planus, whereas vaginal involve-
ment is not seen in lichen sclerosus.57 The vaginal lining may be 
friable, easily bleeding. The vagina may be massively infl amed 
and denuded with seropurulent exudates, pseudomembrane, 
or serosanguineous discharge. In severe cases, adhesions and 
synechiae develop that can lead to narrowing or obliteration of 
the vagina. The vulvo-vaginal-gingival syndrome is a variant of 
erosive lichen planus. It involves the epithelium of the vulva, 
vestibule, vagina, and mouth. The lesions may not be concurrent; 
for example, lesions in the mouth can proceed or follow lesions 
in the genital area for months or years.8

The diagnosis of lichen planus is based on characteristic clini-
cal manifestations. Classic histopathologic features include irreg-
ular acanthosis of the epidermis, liquefactive degeneration of the 
basal cell layer, and band-like dermal infi ltrate of lymphocytes in 
the upper dermis. Hyperkeratosis is present in areas of keratin-
ized skin. Typical histopathologic features are not found in 
mucosal lesions. Also, tissue biopsies are not specifi c except in 
the erosive type.

The oral and genital lesions of lichen planus, especially lichen 
planus, are persistent and resistant to therapy. There is no single 
effective therapy for erosive vulvar lichen planus, which is 
extremely diffi cult to treat. On the other hand, hypertrophic and 
papulosquamous lichen planus respond well to therapy. Patients 
should be told to maintain good vulvar hygiene and to stop 
scratching. The fi rst line and mainstay of therapy is corticoste-
roids: topical, interlesional, and oral corticosteroids are all used. 
For erosive lichen planus, ultrapotent topical steroids (clobetasol 
or halobetasol propionate 0.05% ointment) can be applied 
nightly for 3 to 6 weeks, depending on the severity of disease. The 
ultrapotent steroid can then be reduced to twice per week, with 
a midpotency ointment of low potency ointment added, one to 
three times per week, for maintenance. It may be necessary to 
experiment to fi nd the best course. Vaginal corticosteroids in the 
form of suppositories can be used for vaginal lesions. In one 
study, 16 of 17 patients improved with 25 mg hydrocortisone 
suppositories inserted in the vagina twice daily for 2 months.58 In 
another study of 60 patients, 80% improved by taking 12.5 to 25 
mg of hydrocortisone suppositories twice a day for several 
months, tapering to a symptom-free maintenance dose once or 
twice weekly.59

Lichen Simplex Chronicus
Lichen simplex chronicus is also called leukoplakia and hyper-
plastic dystrophy.8 The condition is caused by histologic changes 
in the vulvar dermis after persistent rubbing or scratching, usually 
in women who experience chronic irritation and/or pruritus. The 
condition is characterized by epithelial thickening and hyper-
keratosis. There is an enhancement of the normal crosshatch 
markings of the skin, called lichenifi cation.60,61 Labial skin folds 
appear greatly exaggerated, often edematous, and pubic hair can 
be broken or sparse. The lesions tend to occur on the mons pubis 
and labia majora.

The most important element about diagnosing lichen simplex 
chronicus is to perform a biopsy to distinguish it from lichen 

sclerosus, lichen planus, and carcinoma. Treatment is discussed 
in the section on allergic dermatitis.

Neoplasm
Vulvar cancer is the fourth most common gynecologic cancer 
(after uterine, ovarian, and cervical cancer) and comprises 5% of 
malignancies of the female genital tract.62 Vulvar carcinoma is 
most frequently found in postmenopausal women, with the 
mean age at diagnosis being 55 to 65 years.

The signs and symptoms of all histologic types of vulvar 
malignancy are similar. Presentation usually includes a unifocal 
vulvar nodule, plaque, ulcer, or mass on the labia majora (40%), 
labia minora (20%), clitoris (10%), mons (10%), or perineum 
(15%). Lesions are multifocal in 5% of cases. The most common 
presenting symptom is pruritus. Other symptoms include vulvar 
bleeding or discharge, dysuria, or enlarged groin lymph node, but 
many patients are asymptomatic at time of diagnosis.

There are two main categories of vulvar neoplasms, that of the 
squamous cell type and Paget’s disease.8 In 1984 and 1987, the 
ISSVD further subdivided these two classifi cations. Squamous 
cell type was divided into vulvar intraepithelial neoplasm (VIN) 
I (mild dysplasia), VIN II (moderate dysplasia), and VIN III 
(severe dysplasia to carcinoma in situ). The other category 
included Paget’s disease and melanoma in situ.

More than 90% of vulvar malignancies are squamous cell. 
Two subtypes exist. The fi rst (classic or Bowenoid type, VIN) is 
predominantly associated with HPV-16 and -18 and is found in 
younger women.63,64 Risk factors for this subtype include early 
coitarche, multiple sexual partners, HIV infection, and cigarette 
smoking. The second, more common subtype (keratinized, dif-
ferentiated, or simplex type) occurs in older women and is not 
related to HPV infection.

The gross appearance of VIN lesions is usually quite distinct: 
they are well localized, delineated, slightly elevated, white, and 
rough. The tissues may have a red or brown hue, and both red 
and white patches may be noted. These changes can be seen 
anywhere on the vulva but are most commonly found in the 
region of the fourchette and perineum. Squamous cell carcinoma 
in situ is a superfi cial, noninvasive, intraepithelial carcinoma 
characterized by chronicity, pruritus, burning, and a variable 
gross appearance.

The diagnosis can be established only by histopathologic 
study, and biopsies should be taken from more than one site. 
Some sources say that the biopsy should be taken from the center 
of the lesion, because those taken from the leading edge do not 
refl ect the most severe histology of the lesion. The best means of 
detecting an intraepithelial lesion is by careful inspection of the 
vulva. Surgical extirpation is the primary treatment for early-
stage vulvar carcinoma.

Paget’s Disease
Pruritus is the most common symptom of Paget’s disease, occur-
ring in 70% of patients. The appearance of the Paget’s lesion is 
variable. Typically, it manifests as an erythematous, eczematoid 
lesion with scales and a crust scattered over the surface. It may 
also appear as a grayish-white lesion and frequently with moist 
and oozing ulcerations that bleed readily on contact. The disease 
is usually multifocal and occurs anywhere on the vulva, mons, 
perineum/perianal area, or inner thigh.

Diagnosis is by biopsy of the lesion, looking for charac-
teristic histopathology. Vulvar biopsies should be performed for 
patients with suspicious lesions, including those with persistent 
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pruritic eczematous lesions that fail to resolve with 6 weeks of 
therapy.

Patients should also be evaluated for invasive carcinoma: two 
series found a 4% to 17% rate of invasive carcinoma within or 
beneath the surface of the Paget’s lesion.65,66 Women with this 
disease should also be evaluated for synchronous neoplasms, 
because approximately 20% to 30% of these patients have a non-
contiguous carcinoma (breast, rectum, bladder, urethra, cervix, 
or ovary).67

Treatment includes wide local excision of the disease. The 
local recurrence rate is high, 12% to 58%. Recurrence may occur 
despite negative margins, probably because of the multicentricity 
of the disease and microscopic extension of disease beyond clini-
cally visible margins.66 Recurrence after initial therapy and non-
contiguous carcinoma are common.

Vulvar Infection

Folliculitis
Folliculitis is a pyoderma of the hair follicles. Pyoderma is defi ned 
as a localized, purulent streptococcal infection of the skin. Pre-
disposing factors to the development of folliculitis include nasal 
carriage of Staphylococcus aureus, use of swimming pools and hot 
tubs, and antibiotic administration and corticosteroid therapy 
predisposing to Candida. The most common pathogens are 
S. aureus, Pseudomonas aeruginosa, and Candida species. Other 
predisposing conditions include obesity, sweating, maceration, 
malnutrition, diabetes, seborrhea, poor hygiene, scabies, and 
pediculosis.8

Patients usually present with pain and tenderness, depending 
on the depth and extent of the lesions. Folliculitis lesions are 
typically small, less than or equal to 5 mm. They initially appear 
as papules that develop into vesicles, surrounded by a ring of 
erythema. Folliculitis does not cause systemic toxicity, and the 
lesions may spontaneously drain and resolve without scarring.

Treatment includes the use of topical therapies. Warm saline 
compresses can accelerate pointing, at which time the lesion can 
be incised. Superfi cial folliculitis usually responds well to eryth-
romycin-containing antibiotic lotion or cream and use of germi-
cidal soaps. Antifungal agents are useful in the case of Candida 
infections. Mupirocin ointment should be considered for patients 
with frequent recurrences of folliculitis who are suspected of 
having nasal colonization with S. aureus. The ointment is applied 
to the anterior nares bilaterally twice a day for 5 days each 
month.68

Complications of folliculitis include recurrence and progres-
sion to furunculosis.

Bartholin’s Gland Cyst or Abscess
Bartholin’s duct cysts are seen in approximately 2% of new gyne-
cologic patients.8 They arise in the duct system, and the occlusion 
is usually near the opening of the main duct into the vestibule. 
Chronic infl ammation can obstruct the orifi ce and lead to cystic 
dilation of the duct, but not the gland, proximal to the 
obstruction.

Bartholin’s cysts average 1 to 3 cm in size and are usually 
asymptomatic. Larger cysts are associated with vulvar pain, dys-
pareunia, or diffi culty sitting or ambulating. Discomfort may be 
associated with rapid enlargement, as might be induced by 
repeated or prolonged sexual stimulation.

The diagnosis is clinical and is based on the fi ndings of a soft, 
painless mass in the medial labia majora or lower vestibular area. 

Most cysts are unilateral and are detected during a routine pelvic 
examination of by the woman herself.

No treatment is necessary for asymptomatic Bartholin’s cysts, 
except in postmenopausal women, in whom a biopsy or excision 
should be considered to rule out carcinoma. These cysts are 
usually sterile and therefore do not require antibiotic therapy.69 
A cyst that is symptomatic or disfi guring requires treatment, of 
which there are several modes. The simplest procedure is an inci-
sion and drainage, with or without packing. However, if this 
procedure is done alone, there is a high likelihood of recurrence 
when the incised tissue edges reapproximate. Supplementation 
of the incision and drainage can be performed with a Word 
catheter. It is a balloon-tipped device that can be placed in the 
cavity after drainage. The bulb is infl ated to keep the catheter in 
place for 2 to 4 weeks while the duct tract epithelializes. The end 
of the catheter is tucked in the vagina to minimize discomfort. 
An alternative procedure after failure of the Word catheter is 
marsupialization of the gland, whereby a new orifi ce is created. 
A fourth method involves sclerotherapy, in which silver nitrate 
sticks are inserted into the cyst cavity to necrotize the cyst wall 
after incision and drainage. Mild burning may occur. The patient 
returns after 48 hours for cleaning of the vulva. A randomized 
controlled trial found that silver nitrate insertion was as effective 
as excision of Bartholin’s cysts or abscesses.70 Excision of the 
entire Bartholin’s gland is the defi nitive procedure for both cysts 
and abscesses. It is usually considered after other methods have 
repetitively failed, because it is not an offi ce procedure and has 
higher morbidity, including excessive bleeding, hematoma for-
mation, cellulitis, and dyspareunia.

Bartholin’s gland ducts and cysts can become infected and 
form abscesses. They are usually the result of polymicrobial infec-
tions, with the most common organisms being Escherichia coli, 
Neisseria gonorrhoeae, and Bacteroides species.71 Therefore, 
patients should have both routine cultures and those for gonor-
rhea and chlamydia.

Symptoms for Bartholin’s abscess include pain and tenderness 
over the affected gland. Usually, these abscesses develop rapidly, 
within 2 to 3 days, and are associated with acute pain and tender-
ness. They tend to rupture spontaneously within 72 hours. 
Patients usually present with pain on intercourse or pain on 
walking and sitting. Examination reveals a lesion that appears as 
a large, tender, soft or fl uctuant mass in the medial labia majora 
or lower vestibular area, occasionally with erythema, edema, and 
pointing of the abscess.

Treatment entails drainage of the abscess, which provides 
immediate pain relief. Incision and drainage can be performed, 
followed by Word catheter placement, marsupialization, or silver 
nitrate insertion. Antibiotic regimens include one dose of ceftri-
axone (125 mg IM) or cefi xime (400 mg PO) to cover E. coli and 
N. gonorrhoeae plus clindamycin (300 mg PO four times a day 
for 7 days) to cover anaerobes. If Chlamydia trachomatis is 
present, azithromycin (1 g PO in a single dose) should be admin-
istered. Treatment with broad-spectrum antibiotics may easily 
delay ripening of the abscess. For women older than 40 years of 
age, some recommend complete excision of the gland to exclude 
underlying carcinoma.72

Allergic Dermatitis

Contact dermatitis is an infl ammatory reaction of the skin to a 
primary irritant or to an allergenic substance. Vulvar dermatitis 
(vulvar eczema) is the most common vulvar infl ammatory skin 
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disease in women. One third to one half of women’s vulvar com-
plaints stem from this problem.73-75 Patients with this disorder 
have chronic irritation and pruritus, which leads to persistent 
rubbing and scratching. There are two types of vulvar dermatitis, 
endogenous and exogenous. Endogenous dermatitis is also 
called atopic dermatitis and has a familial disposition. It begins 
in childhood and may affect other parts of the body. Erythema 
found in labial folds, perianally, and in the skin between the 
buttocks suggests endogenous vulvar dermatitis. Exogenous 
dermatitis is also called contact dermatitis and results from exter-
nal factors. Allergic dermatitis accounts for 20% of cases and 
results when an allergen induces an immune response. In irritant 
contact dermatitis (80% of cases), the trigger directly damages 
the skin.

The history is important for differentiating among atopic, 
allergic, and contact dermatitis. What is the intensity of the pru-
ritus, and when is it the worst? What kind of feminine products 
are used? Does the patient wear occlusive clothing that predis-
poses to Candida? Does she use any type of medication or scented 
soaps or deodorants?

A patch test may be required to distinguish between atopic 
and contact dermatitis; biopsy is not helpful. Positive patch tests 
for relevant substances occur in 25% to 60% of women with 
vulvar pruritus. Biopsy, however, should be obtained to rule out 
other possible causes. Coexistent infections should also be diag-
nosed so they can be treated.

Treatment involves behavioral modifi cation and medications. 
First, the patient must modify any hygiene or clothing habits that 
facilitate dermatitis. Then, she must eliminate known or sus-
pected allergens and irritants. She should be warned to refrain 
from scratching. Wet compresses or soaking in warm water must 
be undertaken for a day or two in order to restore the natural 
physiologic environment of the vulva. After this, the patient is 
ready for topical application of corticosteroid cream or lotion. 
For mild cases, use of a low- or medium-potency steroid is usually 
effective (hydrocortisone or triamcinolone), twice a day for 2 to 
4 weeks, then twice a week and taper to pruritic symptoms. For 
severe cases, high-potency steroids may be necessary (clobetasol 
propionate or betamethasone dipropionate) every night for 30 
days and then re-evaulate. Potent steroids can be used for up to 
12 weeks on the vulva without adverse effects.76,77

Trauma

Trauma to the vulva and vagina may lead to vulvar pain, dyspa-
reunia, vulvar and vaginal lesions, and discharge. Accidental inju-
ries are seldom seen in the vulva and vagina because of their 
anatomic location.8 The injuries seen in prepubertal girls result 
most commonly from straddling objects such as bench rails, 
gymnasium equipment, bicycle frames, baths, and toilet seats. In 
adults, these injuries can be secondary to automobile and motor-
cycle accidents, bicycle accidents, sexual trauma, snowboarding, 
or physical assault. Some injuries may result from placing inani-
mate objects into the vagina. Most of these lesions manifest as 
hematomas and lacerations.

Lacerations of the vulva or vagina commonly occur from a 
violent fall on a slender object. Examples include falling on a 
stake, picket fence, handlebars of a bicycle, or the binding of 
a snowboard.78 Lacerations may extend into the rectum, bladder, 
urethra, or the peritoneal cavity through the cul-de-sac. The area 
must be inspected carefully for remnants of glass, metal, or 
plastic. Anterior, posterior, and lateral radiographs including the 

vaginal area should be taken to locate metallic or other radi-
opaque objects. Lacerations can cause profuse hemorrhage, pain, 
and shock. Treatment includes restoration of normal anatomic 
relationships. Bleeding vessels should be ligated and tissue edges 
carefully reapproximated with absorbable suture. Large trauma-
tized areas require copious irrigation and débridement. Other 
concomitant injuries should be ruled out.

Sexual injuries are a major source of damage to the vulva and 
vagina. The right and posterior fornices of the vaginal vault are 
frequent sites of injury for parous women, whereas lower vaginal 
and introital injuries are often caused by defl oration.79 Rape and 
insertion of foreign bodies are additional sources of vulvar and 
vaginal injury. Genital injuries as a result of consensual inter-
course are rare.

Most introital injuries associated with consensual fi rst coitus 
are minor and lead to minimal bleeding.8 These injuries can be 
managed conservatively with compression. If the injury involves 
an extensive laceration of the hymenal ring that extends into the 
vagina with profuse bleeding, suturing of the laceration is indi-
cated. It has been postulated that vigorous intercourse increases 
abdominal pressure, causing tensing of the cul-de-sac and 
decreasing the elasticity of the posterior fornix, which results in 
a higher likelihood of laceration. Fissuring of the posterior four-
chette (vulvar granuloma fi ssuratum) repeatedly with intercourse 
may cause a nonhealing granuloma that requires primary exci-
sion and closure.80

Foreign objects can cause trauma of the vulva or vagina. With 
certain sexual techniques, patients have been known to insert 
molded phalluses, glass objects, tops of aerosol cans, and occa-
sionally metal objects into the vagina, which can cause laceration. 
If glass objects are the cause, it is important to inspect the tissue 
for the presence of residual foreign bodies, with subsequent irri-
gation and removal. Patients also occasionally forget to remove 
tampons. If the tampon remains in the vagina for a long period, 
there is often a foul, copious, brownish discharge. A simple 
examination usually demonstrates the presence of the tampon. 
Removal of the tampon is usually suffi cient unless it has been 
retained for more than 10 days, at which point it is appropriate 
to give antibiotic therapy. Vaginal pessaries are also a main culprit 
of vaginal trauma. They are usually used by elderly women with 
extensive vaginal vault prolapse and may cause erosive conditions 
in these patients. The patient usually complains of malodor and 
bloody discharge, which is indicative of abrasion and erosion of 
the vaginal mucosa. The use of intravaginal estrogen to prevent 
vaginal tissue thinning helps prevent erosion.

Prolapse

Pelvic organ prolapse refers to a hernia of one of the pelvic organs 
(uterus, vaginal apex, bladder, rectum) and its associated vaginal 
segment from its normal location. Pelvic prolapse occurs, in part, 
because of site-specifi c fascial defects that result in anterior, 
apical, or posterior segment weakness. Risk factors include mul-
tiparity, operative vaginal delivery, obesity, advanced age, estro-
gen defi ciency, neurogenic dysfunction of the pelvic fl oor, 
connective tissue disorders, prior pelvic surgery, and chronically 
increased intra-abdominal pressure.

The displacement of the pelvic organs is graded on a scale of 
0 to 4, with 0 referring to no prolapse; 1, halfway to the hymen; 
2, at the hymen; 3, halfway out of the hymen; and 4, total prolapse 
(procidentia). There are also different prolapsed organs. Cysto-
cele is herniation of the bladder with associated descent of the 
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anterior vaginal segment. Cystourethrocele is cystocele combined 
with distal prolapse of the urethra with or without associated 
urethral hypermobility. Uterine prolapse is descent of the uterus 
and cervix into the lower vagina, to the hymenal ring, or through 
the vaginal introitus. Vaginal vault prolapse is descent of the 
vaginal apex (after hysterectomy) into the lower vagina, to the 
hymenal ring, or through the vaginal introitus. Rectocele is hernia 
of the rectum with associated descent of the posterior vaginal 
segment. Enterocele is herniation of the small bowel/peritoneum 
into the vaginal lumen, most commonly after hysterectomy in 
conjunction with vaginal vault prolapse.

The most common symptoms are a sensation of pressure and 
heaviness or protrusion of tissue from the vagina. Patients may 
also complain of low back pain and a feeling of heaviness that is 
relieved with lying down and worsens as the day progresses. Loss 
of anterior support can lead to urinary stress incontinence. A 
large anterior vaginal prolapse with vaginal vault eversion can 
lead to urinary retention. A rectocele can cause defecatory dys-
function. Sexual dysfunction may accompany prolapse of any 
of the compartments. Because there may be protrusion of 
the vaginal mucosa, irritation can occur and bleeding may be 
reported.

Diagnostic evaluation includes examination of the vaginal 
support from both upright and recumbent positions. The tradi-
tional speculum examination should be supplemented with a 
site-specifi c examination with a single-bladed speculum or one 
half of a Graves speculum. This allows for a better view of the 
vaginal walls when looking for specifi c defects of vaginal support. 
A rectovaginal examination should be performed with the patient 
in standing position for detecting an enterocele, because the 
small bowel, if present, can be palpated easily in the cul-de-sac 
between thumb and forefi nger. Magnetic resonance imaging is a 
useful diagnostic tool.

Treatment of mild prolapse is with pelvic fl oor exercises, 
physical therapy, or behavioral modifi cation. Women with mod-
erate prolapse or who are not surgical candidates may benefi t 
from a pessary. Surgical treatment is usually necessary for severe 
prolapse. Surgery can be associated with an up to 30% rate of 
recurrence/reoperation.81

Rigid Hymenal Ring

The hymen varies in thickness and elasticity. It may be quite 
elastic and easily stretched without laceration at initial sexual 
intercourse, or it may be tough and rigid so as to cause dyspa-
reunia or even prevent intercourse. Attention may be drawn to 
this problem when the patient is unable to insert a tampon. 
Treatment with appropriate estrogen cream, small dilators, or 
hymenoplasty can correct the problem and prevent unnecessary 
laceration of the hymen and introitus due to trauma from 
intercourse.8

Vulvar Neuroma

Vulvar neuroma, which is usually caused by traumatic or iatro-
genic transaction of peripheral nerve fi bers, can cause dyspareu-
nia and vulvar pain. It is postulated that dyspareunia related to 
episiotomy may be associated with disorganized proliferation of 
proximal nerve stumps. Patients can be in all age groups. There 
have been scarce case reports in the literature, but vulvar neuro-
mas are often associated with episiotomy repairs and, in one case 
report, with female genital cutting.82 The patient usually describes 

a deep pain of gradual onset that becomes more intense with 
time. The pain is usually unilateral without dyspareunia. Diag-
nosis is point tenderness that duplicates the pain. Frequently, a 
tiny nodule is palpable in the soft tissue, and most often patients 
can put their fi nger right on this area. There is no reliable effi ca-
cious treatment that ensures no recurrence. Treatment modali-
ties include cryotherapy, chemical ablation, radiofrequency 
ablation, and surgical excision of the neuroma.83

Localized Vulvar Pain of Vestibule 
(Vestibulodynia or Vulvar Vestibulitis)

Vulvar vestibulitis syndrome (VVS) orvestibulodynia is charac-
terized by discomfort and hypersensitivity in the vulvar vestibule 
in the absence of physical fi ndings except for varying degrees of 
erythema.84

Some investigators have proposed that there are two forms, 
primary and secondary. Primary VVS refers to introital dyspa-
reunia dating from initiation of sexual activity or intolerable pain 
consistently present on insertion of a tampon or vaginal specu-
lum.6,85 It accounts for 20% of cases.86 Secondary VVS describes 
introital dyspareunia that develops after a period of comfortable 
sexual relations, tampon use, or speculum examinations.

The standard diagnostic criteria for VVS in the medical litera-
ture are as follows: severe pain on vestibular touch or attempted 
vaginal entry; tenderness to pressure localized within the vulvar 
vestibule; and no evidence of physical fi ndings except for varying 
degrees of erythema.87 Spontaneous pain is minimal or absent. The 
pain is associated with intercourse, tampon use, binding clothes, 
and bicycle riding. In one study, one third of women had constant 
burning in the vestibule, three quarters had excessive vaginal 
discharge, and 10% had chronic urinary tract symptoms.88

This phenomenon is more prominent in premenopausal 
women.89 Risk factors related to some aspects of sexual repro-
ductive history have been identifi ed in women with VVS; they 
include early contraceptive use (before 17 years of age),90 early 
intercourse (before 16 years), and early menarche (before 12 
years). Candida infection and STDs, on the other hand, have not 
been associated with increased risk of VVS.84 Other studies have 
proposed an autoimmune association between Candida and 
VVS.91

Excessive urinary oxalate excretion has been proposed as an 
etiology of vulvar pain, based upon a case report of one patient 
in whom complete remission of symptoms occurred with low 
oxalate diet.92 A controlled study of urinary oxalate excretion, 
however, did not show differences in women with and without 
pain.88 Another theory is that allergy causes VVS, because levels 
of immunoglobulin E consistent with vaginal allergy have been 
detected in vaginal fl uid; however, treatment with antihistamines 
has not been effective.88 It has been suggested that some women 
have a genetic defi ciency that impairs their immune system’s 
ability to stop the infl ammatory response triggered by exposure 
to agents such as infection or chemicals.94 VVS is also associated 
with interstitial cystitis, which makes sense when one considers 
that the vestibule, bladder mucosa, and urethra share a common 
embryologic derivation from the urogenital sinus.95,96

On examination, there is tenderness to gentle cotton swab 
pressure in the vestibule (allodynia). The diagnosis is made when 
touching the vulva with a cotton-tipped applicator produces pain 
only in the vestibule.85 Some say that the Q-tip test is the sine qua 
non of diagnosing vestibulitis.83 While gentle tactile stimulation 
is applied to specifi c areas of the vestibule, the patient can rate 

Ch087-X2339.indd   869 1/31/2008   3:00:00 PM



870 Section 10 PELVIC PAIN AND INFLAMMATORY CONDITIONS

her discomfort. Starting at 12 o’clock (just below the clitoris and 
above the urethra) and proceeding clockwise, the most tender 
areas may be at 4 and 8 o’clock.

Other diagnoses must be ruled out, and estrogenization should 
be assessed with vaginal wet mount, looking for predominance 
of intermediate or parabasal cells instead of the normal, well 
estrogenized superfi cial cells. The most common conditions 
mimicking VVS are Candida infection, poor estrogenization, 
pudendal neuropathy, dermatitis, rigid hymen, and vaginismus/
pelvic fl oor muscle tension myalgia.

The fi rst step in treatment of VVS, once a diagnosis is made, 
is to validate the patient’s pain and reassure her that it is not 
psychological in nature and is not caused by cancer. The next step 
is to ensure adequate vulvar care. Patients should avoid scents, 
dyes, and chemicals, including fabric softener, bubble bath, body 
wash, and so on. Clothing should be cotton, comfortable and 
loose. Activities that may be abrasive to the vulvar area, such as 
biking, should be eliminated. Hydration by sitz baths may help. 
Use of natural lubricants, such as olive oil and Astroglide, may 
help. For burning, ice packs may provide relief. Because anec-
dotal evidence has supported eliminating foods high in oxalate, 
the patient may want to try this avenue.

Topical anesthetics such as Xylocaine 2% jelly or 5% oint-
ment89 or the compounded triple therapy (prilocaine, lidocaine, 
tetracaine: 3.5%/2.5%/1%) in a lipoderm base can provide relief 
if applied three times per day and liberally 20 minutes before 
sexual activity. This treatment useful because it “numbs the 
vulva,” but it probably works via its pharmacologic effect of 
blocking sodium channels and altering neural plasticity. Capsa-
icin has also been tried in a number of studies, but it has not been 
widely successful and is painful when fi rst applied.97 Another 
study showed great improvement with injections of methyl pred-
nisolone acetate and lidocaine cloridrate, with complete remis-
sion in 7 of 22 women and marked improvement in 3.98 Triple 
nerve block therapy using caudal, pudendal, and local anesthetic 
blocks over 8 weeks has also demonstrated success.98a

One of the fi rst-line therapies for VVS, because it appears to 
be a “neuroplastic pain syndrome,” are the tricyclic antidepres-
sants, which are standard therapy for neuroplastic/neuropathic 
pain.89 Amitriptyline and desipramine improve pain substantially 
in patients who can tolerate doses of 50-75 mg.99 Patients should 
be counseled that the drug is known primarily for its antidepres-
sant effect but is also widely used for pain, so that patients do not 
feel deceived. Dosing should start at 10 mg and gradually be 
increased to minimize side effects, until the total dose is 150 mg 
or the symptoms are controlled. If patients continue to experi-
ence drowsiness with amitriptyline despite decreasing doses for 
a week, then nortriptyline or desipramine should be substituted, 
using a similar dosing schedule (less sedation and fewer anti-
cholinergic side effects). Tricyclics take at least 4 weeks to 
have an effect and should be tried for 3 months at 100 to 
150 mg before moving on to another agent.

Gabapentin or other anticonvulsants should be considered in 
those who cannot tolerate tricyclics or if those medications fail.89 
Patients should be started slowly at 100 mg at bedtime of gabap-
entin and then increased by 100 mg every 2 days until at least 
1800 mg and up to 3600 mg/day is being taken in three divided 
doses or nightly. Side effects include drowsiness, fatigue, dizzi-
ness, and ataxia. Up to 1200 mg can be given at night to decrease 
drowsiness.

Interferonα has been reported to be benefi cial, primarily 
when injected locally.100,101 The most common regimen is 1 

million units injected three times per week for 4 weeks circum-
ferentially at the periphery of the vestibule. Side effects include 
fl u-like symptoms, fever, malaise, myalgias; pretreatment with 
acetaminophen or ibuprofen may help. These patients may also 
experience signifi cant injection-site pain and may benefi t from 
pretreatment for 20 to 30 minutes with a topical anesthetic.

Surgical excision of the vestibule (Woodruff procedure) is 
another treatment option for patients with VVS. The affected 
area is mapped and excised, then covered with undermined 
vaginal epithelium. Many surgeons remove all areas of the vesti-
bule, including those areas that are not painful, because failure 
can recur in areas of remaining vulvar tissue. One study showed 
an 85% cure rate.102 Complications include dehiscence, recur-
rence of symptoms, and occasionally worsening of pain. So, 
although vestibulectomy was once the treatment of choice 
for VVS, the discomfort of the procedure, the possibility of 
incomplete success or worsening of pain, and the success of less 
aggressive therapies have relegated this procedure to second- or 
third-line therapy.89 One study compared group cognitive-
behavioral therapy (12-week trial), surface electromyographic 
biofeedback (12-week trial), and vestibulectomy in the treatment 
of dyspareunia resulting from vulvar vestibulitis.103 This study 
found that, although vestibulectomy was superior to the other 
treatment modalities, all three groups signifi cantly improved 
on measures of psychological adjustment and sexual function. 
Another study by the same group demonstrated that physical 
therapy is a promising treatment modality for dyspareunia 
associated with vulvar vestibulitis.104

Dysesthetic Vulvodynia or Generalized Vulvodynia

It is likely that this syndrome is a variant of pudendal neuropathy 
or, at the least, neuropathic pain, and it is best diagnosed and 
treated as such.

Pudendal Neuropathy

Pudendal neuropathy, or “essential vulvodynia,” was a label 
given to patients who complained of constant or almost constant 
vulvar burning and had a paucity of physical fi ndings.105 Puden-
dal canal syndrome (PCS) is induced by the compression or 
stretching of the pudendal nerve in Alcock’s canal.106 Causes of 
PCS are by sources of compression (biking, long-time sitting, 
horseback riding, hematoma) or stretching (descending perineum, 
surgery, delivery) of the pudendal nerve in the patient’s history. 
A change in the shape or orien tation of the ischial spine induced 
by some athletic activities may also explain some cases.107 Puden-
dal neuralgia can also be found in patients with multiple sclerosis 
and postherpetic neuralgia.

The complete syndrome manifests with pain, hypoesthesia or 
hyperesthesia, and sometimes anal or urinary incontinence. 
However, motor symptoms are actually rare. Patients can present 
with an unprovoked, persistent, superfi cial, burning sensation 
that is frequently accompanied by a deep, aching component or 
a rare, paroxysmal lancinating pain over a large area.105 Patients 
with less severe involvement may complain of an itch-burn sen-
sation or a feeling of rawness. Some patients have burning pain 
with light touch and complain of dyspareunia not only on penile 
penetration but also during and after intercourse. Patients may 
also have rare, symptom-free periods that last for days or weeks. 
Because of the various areas supplied by the pudendal nerve, the 
following structures can be involved: cutaneous surfaces of the 
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labia minora and majora, clitoris, urethral meatus, vulvar vesti-
bule, perineum, and perianal skin.

Physical fi ndings are sparse. There is normally no evidence of 
infection. Focal vestibular erythema with or without tenderness 
is sometimes seen. Positive fi ndings include thickened surgical 
scars, presence of palpable tumor, or evidence of genital herpes. 
Some patients have a weak anal refl ex.108

Pudendal neuropathy is usually a diagnosis of exclusion. 
However, a pudendal nerve block can be used as both a diagnos-
tic and a therapeutic measure. The pain usually disappears for 
only 1 to 2 days after injection. The block is repeated every third 
day for a total of four blocks. Computed tomography–guided 
blockade may be more accurate.109 Other tests sometimes found 
to be abnormal in PCS include electromyography (EMG) and 
pudendal nerve terminal motor latency (PNTML). There is 
diminished EMG activity of the external anal sphincter, external 
urethral sphincter, and levator ani. There is a signifi cant increase 
in PNTML in women with severe PCS.

Depending on the severity of the problem, there are several 
modalities of treatment. Nonsteroidal anti-infl ammatory agents 
are frequently used but are not helpful in most cases. In mild 
cases, tricyclic antidepressants may be helpful.105 Anticonvulsants 
such as carbamazepine, phenytoin, and gabapentin have also 
been found to be helpful.110 As described earlier, serial pudendal 
blocks with a local anesthetic can be used. However, if none of 
these measures are helpful, another PNMLT is abnormal, there 
is evidence that surgical decompression of the pudendal canal 
may lead to improvement.108,111

Pelvic Floor Muscle Disorders: 
Myalgia and Trigger Points

Trigger points are discrete, focal, hyperirritable spots located 
in a taut band of skeletal muscle.112 The spots are painful on 
compression and can produce referred pain, referred tenderness, 
motor dysfunction, and autonomic phenomena. Acute trauma 
or repetitive microtrauma may lead to the development of 
stress on muscle fi bers and the formation of trigger points. 
Patients may have regional, persistent pain resulting in a decreased 
range of motion in the affected muscles. These include muscles 
used to maintain body posture, such as those in the neck, 
shoulders, and pelvic girdle. Trigger points may also manifest 
as tension headache, tinnitus, temporomandibular joint pain, 
decreased range of motion in the legs, and low back pain. Trigger 
points can also be found in the pelvis, causing pelvic pain. 
Palpation of a hypersensitive bundle or nodule of muscle fi ber 
of harder than normal consistency is the physical fi nding 
typically associated with a trigger point. Palpation of the trigger 
point elicits pain directly over the affected area and/or causes 
radiation of pain toward a zone of reference and a local twitch 
response.

Various treatment modalities, such as the spray and stretch 
technique, ultrasonography, manipulative therapy, and local 
anesthetic injection, are used to inactivate trigger points. Tech-
niques for rehabilitation include the avoidance of perpetuating 
factors, rehabilitation of extrapelvic abnormalities, use of manual 
techniques and needling to promote resolution of connective 
tissue problems, closure of diastasis recti, and transvaginal/trans-
rectal manual release of muscular trigger points and contrac-
tures.113 Trigger-point injection has been shown to be one of the 
most effective treatment modalities to inactivate trigger points 
and provide prompt relief of symptoms.

Vaginismus

Vaginismus is an involuntary spasm of pelvic muscles that par-
tially closes the vagina. The Diagnostic and Statistical Manual of 
Mental Disorders, 4th Revision (DSM-IV), defi nes vaginismus as 
repeated and persistent involuntary spasm of the vaginal muscles 
that interferes with intercourse. This condition causes penetra-
tion to be diffi cult and painful, or even impossible. Vaginismus 
is considered a sexual dysfunction although the patient may often 
have pain with tampon insertion and gynecologic examinations 
as well. It is a complex condition with several possible causes that 
may result from past sexual trauma or abuse, other psychological 
factors, or a history of discomfort with sexual intercourse. Causes 
can also be congenital or infectious.114 Sometimes no cause can 
be determined.

Women with varying degrees of vaginismus often develop 
anxiety regarding coitus and penetration, and intercourse is 
usually painful. However, this does not mean that they cannot 
achieve or sustain sexual arousal. Many are very sexually respon-
sive and can have orgasms through clitoral stimulation.

Diffi culty or inability to allow vaginal penetration for inter-
course is the primary symptom. Vaginal pain with attempts at 
intercourse or during attempted pelvic examination is common. 
A gynecologic examination can confi rm the diagnosis of vaginis-
mus. The health care provider will note whether there is an in-
voluntary muscle contraction when fi ngers are inserted into 
the vagina, and this usually reproduces the pain the woman feels 
with intercourse. Other causes of dyspareunia should also be 
ruled out.

The treatment of choice with vaginismus is an extensive 
therapy program that combines education and counseling with 
behavioral exercises. Exercises include pelvic fl oor muscle con-
traction and relaxation (Kegel exercises) to improve voluntary 
control. Vaginal dilation exercises are recommended using plastic 
dilators. This should be done under the direction of a sex thera-
pist or other health care provider, and treatment should involve 
the partner. This treatment should gradually include more 
intimate contact, ultimately resulting in intercourse.

Psychosocial Factors

Psychosocial factors are important in the management of vulvar 
and vaginal pain, both as a cause and as an effect of the pain. 
Patients with chronic vaginal or vulvar pain often experience 
progressively limited professional and social lives. Patients often 
become frustrated with the multiple physician visits, diagnostic 
tests, and treatment regimens including surgeries. If the medical 
treatment is not conclusive or successful, patients may be told it 
is “all in their head.” This may lead to further stress, depression, 
and sexual dysfunction.

Most studies indicate that an average of 20% to 30% of women 
with pelvic pain have experienced childhood trauma or sexual 
abuse. If the pain is “nonsomatic” or of “unknown etiology,” the 
frequency of abuse is found to be much higher. The impact of 
historical factors in causing pain is controversial but may exac-
erbate a patient’s experience of pain.

Chronic Pelvic Pain with Resultant Dyspareunia

Chronic pelvic pain (CPP) is frequently associated with dyspa-
reunia. CPP is a common problem, and it presents a major chal-
lenge to health care providers because of its unclear etiology, 
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complex natural history, and poor response to therapy. A signifi -
cant number of these patients have various associated problems, 
including bladder or bowel dysfunction, sexual dysfunction, and 
other systemic or constitutional symptoms. Other associated 
conditions, such as depression, anxiety, and drug addiction, also 
may coexist. Studies have shown that women with CPP are more 
likely to have a history of sexual and physical abuse than are other 
groups of women.115 The most common causes of CPP are endo-
metriosis, irritable bowel syndrome, interstitial cystitis, abdomi-
nal wall and pudendal neuropathy, pelvic fl oor muscle tension 
myalgia, and fi bromyalgia. Residual symptomatology after accu-
rate diagnosis and focused treatment is best managed with a 
multidisciplinary approach.116 The diagnosis and management of 
CPP is beyond the scope of this chapter.

Abnormal Vaginal Discharge

Normal vaginal discharge is 1 to 4 mL over 24 hours, white or 
transparent, thick and odorless. Physiologic discharge is formed 
by mucoid endocervical secretions in combination with slough-
ing epithelial cells, normal bacteria, and vaginal transudate. 
Discharge may be more noticeable during pregnancy, oral con-
traceptive use, or at midmenstrual cycle, close to the time of 
ovulation. Physiologic leukorrhea has a pH of 4.0 to 4.5, has a 
ratio of polymorphonuclear leukocytes to vaginal epithelial cells 
that is less than 1, and contains many squamous cells.117 Vaginitis 
and vaginosis were discussed in earlier sections of this chapter. 
Cervicitis can lead to abnormal vaginal discharge.

Gonorrhea Cervicitis
Gonorrhea is one of the most frequently diagnosed STDs and 
remains a signifi cant cause of preventable and treatable morbid-
ity. The peak incidence occurs in 15- to 19-year-old women.118 
N. gonorrhoeae is a gram-negative diplococcus, fi rst described by 
Neisser in 1879.119 The most concerning complications of gonor-
rhea infection relate to female reproduction. Scarring from pelvic 
infl ammatory disease can interfere with fertilization in 20% of 
cases. There is also a 9% risk of ectopic pregnancy and an 18% 
risk of chronic abdominal pain.120 Women can also infect 
newborn infants during birth, causing neonatal ophthalmia.

The incubation period for urogenital gonococcal infection is 
approximately 10 days in the female patient.8 The typical symp-
toms are increased vaginal discharge, dysuria, intermenstrual 
uterine bleeding, postcoital bleeding, and menorrhagia.50,121 
Infection in women is often asymptomatic, whereas men are 
asymptomatic only 10% of the time.122

Gonorrhea in women can infect the cervix, urethra, anus, 
rectum, or oropharynx or can be disseminated. The most 
common site of infection is the cervix; approximately 50% of 
affected women are asymptomatic. Symptoms include vaginal 
pruritus and mucopurulent discharge from runny or scant to 
copious. Patients may also complain of new postcoital spotting 
or dyspareunia. On examination, the cervix may appear normal 
or show signs of frank discharge. The cervix may be friable, and 
there may be abdominal pain with upper genital tract disease. 
Gonococcal vulvitis and vaginitis are infrequent, because the 
stratifi ed squamous epithelium of the vagina is resistant to inva-
sion by the gonococcus.8 The symptoms for urethritis are initially 
urinary frequency and burning.8 Infection of the trigone is 
accompanied by increased dysuria, and the patient often has 
tenesmus. The urethral meatus is often edematous and erythema-
tous with purulent discharge with the urethral epithelium everted. 

Patients may have severe pain from Skene’s duct abscess and be 
unable to void. There can also be infection of Bartholin’s gland, 
and pus may drain from that site, but if the duct is occluded, then 
an abscess will form. Anorectal infection can be asymptomatic or 
associated with clinical proctitis. In about 4% of patients with 
anorectal involvement, it is the sole site of infection.123 Symptoms 
include anal itching, rectal discharge, rectal fullness, tenesmus, 
and painful defecation. Pharyngitis results from fellatio with a 
male partner who has gonococcal urethritis or from cunnilin-
gus.124 The pharynx is infected in 10% to 20% of individuals. 
Symptoms include fever and cervical lymphadenopathy.

There are several methods of diagnosing gonorrhea infection. 
The “gold standard” is culture on modifi ed Thayer-Martin 
medium. This is very sensitive in symptomatic women but only 
65% to 85% sensitive in asymptomatic women.125 Cultures are 
100% specifi c and allow testing for antibiotic resistance. Gram 
stains are less sensitive but allow for an earlier diagnosis and 
treatment. DNA probes have accuracy similar to that of culture, 
with high sensitivity, specifi city, and positive and negative predic-
tive values.126 Enzyme immunoassay is not widely used, because 
its positive predictive value is acceptable only in populations with 
a high prevalence of infection. There are also commercially avail-
able nucleic acid amplifi cation tests (NAATs). They are more 
rapid to perform than culture, returning results within hours, but 
are much more expensive. NAATs have also been shown to be 
more sensitive than culture, being able to detect as little as one 
organism per sample, whereas the threshold for conventional 
methods is approximately 1000 organisms.127

There are many accepted regimens for gonorrhea. The use of 
one-time, observed therapy is recommended, because compli-
ance with multiple doses is lower. Also, because 42% of patients 
with gonorrhea are found to have dual infection with chla-
mydia,128 concurrent treatment for both organisms is recom-
mended. The recommended treatments of uncomplicated 
cervical, urethral, or anorectal infection are ceftriaxone 125 mg 
IM once, ciprofl oxacin 500 mg PO once, ofl oxacin 400 mg PO 
once, levofl oxacin 250 mg PO once, and spectinomycin 2g IM 
once.16 Pregnant women should not be treated with quinolones 
or tetracyclines. The partner should also be treated.

Chlamydia Cervicitis

Chlamydia is the most common agent of sexually transmitted 
genital infections leading to cervicitis and often abnormal vaginal 
discharge. Chlamydia is a true bacterium, an obligate intracellu-
lar parasite. The organism is transmitted primarily by sexual 
contact. The organism cannot be transmitted across intact skin 
or mucous membranes. Risk factors for infection are young age, 
black race, multiple sex partner, recent new sex partner, low rates 
of barrier contraception, and history of STD.129,130

Chlamydia has been implicated in urethritis, Bartholin’s 
abscess, cervicitis, endometritis, salpingitis, conjunctivitis, and 
pneumonitis of the newborn. The ultimate sequelae in the female 
that may involve chlamydial infection are ectopic pregnancy, 
infertility, and complex salpingitis that may lead to formation of 
a tubo-ovarian abscess and eventually hysterectomy.8

Most patients with cervicitis are asymptomatic. If symptoms 
are present, they may include vaginal spotting with intercourse, 
vaginal discharge, poorly differentiated abdominal pain, or lower 
abdominal pain. Examination may reveal the presence of 
mucopus or hypertrophy of the endocervical epithelium with a 
copious clear discharge, or the cervix may bleed briskly when 
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touched with cotton-tipped applicator. Approximately 30% of 
women with Chlamydia infection develop pelvic infl ammatory 
disease if left untreated.131

Traditional methods of diagnosis include cervical swabs 
requiring a full pelvic examination, but new diagnostic tech-
niques include cervical swabs, urine, or self-administered vaginal 
swabs. Antigen detection by DFA and enzyme-linked immuno-
sorbent assay (ELISA) still requires a swab from the cervix or 
urethra and is 80% to 95% sensitive compared to culture. Genetic 
probe methods based on direct specimen swab from the cervix 
or urethra are also 80% to 95% sensitive compared with culture. 
Nucleic acid amplifi cation, PCR, and ligase chain reaction (LCR) 
are being studied and have high sensitivity and specifi city.132 
Clinical practice guidelines strongly recommend routine Chla-
mydia screening for sexually active women younger than 25 years 
of age.16,133

Azithromycin (1 g PO as a single dose) and doxycycline 
(100 mg PO twice daily for 7 days) are the two recommended 
regimens. Alternative regimens include 7 days of erythromycin 
base (500 mg PO four times daily), erythromycin ethylsuccinate 
(800 mg PO), ofl oxacin (300 mg PO twice daily), or levofl oxacin 
(500 mg PO once daily).16,134 Test of cure is not recommended, 
except for patients with persisting symptoms and those with 
suspect compliance. Test of cure should be done 3 weeks after 
the completion of therapy.16

Cervical and Vaginal Lesions

Vesicovaginal Fistula
Vesicovaginal fi stula is a communication between the vagina and 
a part of the urinary tract (ureter, bladder, or proximal urethra). 
Continual wetness, odor, and discomfort cause serious social 
problems. The main causes include obstructed labor and surgical 
trauma, and 10% of the cases are caused by irradiation, locally 
advanced pelvic tumors, and pelvic pathologies (e.g., infl amma-
tion, foreign bodies).

Classically, vesicovaginal fi stulas manifest with continuous 
incontinence after a recent pelvic operation.135 If the fi stula is 
small, then watery discharge from the vagina accompanied by 
normal voiding may be the only symptom. Diagnostic tests 
can be done by passing a small ureteric catheter through the 
fi stular tract to see if it enters the vagina. Other means of 
diagnosis are by retrograde and voiding cystourethrography. 
A high creatinine level of the discharge can confi rm urinary 
leakage.

Colovaginal, Rectovaginal, and Coloperineal Fistulas
Colovaginal and rectovaginal fi stulas are thought to be a rela-
tively uncommon occurrence, but they can cause distressing 
symptoms depending on the severity, site, location, and etiol-
ogy.136 The most common cause of colovaginal fi stulas is diver-
ticular disease. They also occur as a result of irradiation, pelvic 
surgery, malignancy, abdominal hysterectomy, abscess forma-
tion, perforation by a foreign body, infl ammatory bowel 
disease, and trauma. Fistulas develop in 2% of patients with 
diverticulitis. Most patients have colovaginal fi stulas secondary 
to diverticular disease, Crohn’s disease, or pelvic surgery, parti-
cularly hysterectomy.

The passage of feces per vagina is diagnostic of a fi stula 
between the bowel and internal genitalia. Putting a tampon in 
the vagina may assist in the diagnosis. Most patients present with 
abnormal discharge, which may not be recognized as frank feces. 
Colovaginal fi stula may also manifest as vaginal fl atus. With small 
bowel–vaginal fi stulas, severe excoriation may be seen secondary 
to the presence of digestive enzymes. Physical examination with 
a speculum usually reveals an opening or granular area at the 
apex of the vagina that appears red and is usually on the left. The 
next examination usually requested is a barium enema, but this 
is ineffective. Vaginography may be useful, however. Other diag-
nostic tools include colposcopy, colonovaginoscopy, and com-
puted tomography.
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Chapter 88

BENIGN CYSTIC LESIONS OF THE VAGINA 
AND VULVA
Karyn Schlunt Eilber

Benign cystic lesions of the female external genitalia are fre-
quently encountered in gynecologic and female urologic prac-
tices. True cystic lesions of the vagina and vulva originate from 
vaginal and vulvar tissues, respectively, but lesions arising from 
the urethra and surrounding tissues can appear as cystic lesions 
of the vagina and vulva as well. Most cysts of the female genitalia 
are located within the vagina, and their prevalence has been esti-
mated to be 1 in 200 women; however, this fi gure is probably an 
underestimation, because most cysts are asymptomatic and 
therefore not reported.1 Cysts arising within the vulvar vestibu-
lum are much less common.

Vaginal cysts typically occur in the third and fourth decades 
and are rarely found in prepubertal females except in countries 
where female circumcision in performed.2 Pradhan and Tobon 
reviewed the histology of 43 vaginal cysts over a 10-year period. 
In their study, the incidence of cyst types in decreasing order 
was müllerian cysts (44%), epidermal inclusion cysts (23%), 
Gartner’s duct cysts (11%), Bartholin’s gland cysts (7%), and 
endometriotic type (7%).3 The remaining types of cystic lesions 
include those of urethral or paraurethral origin and other rare 
lesions (Table 88-1).

PATIENT EVALUATION

Cysts of the vagina and vulva are usually asymptomatic, and their 
presence is usually noted as an incidental fi nding on physical 
examination. In patients whose cysts are discovered because of 
symptomatology, mild discomfort, patient detection of a mass, 
or urinary symptoms such as incontinence or obstructive voiding 
symptoms are common presenting symptoms. In most cases, the 
appropriate diagnosis is made by history and physical examina-
tion alone; other cases are diagnosed only after excision and his-
tologic examination of the tissue.

Patient history should include the onset and duration of 
symptoms and the presence of pain, dyspareunia, voiding com-
plaints, and prior urologic or gynecologic procedures. A history 
of recurrent urinary tract infections and/or intermittent inconti-
nence may indicate the presence of a urethral diverticulum, 
whereas continuous incontinence may represent an ectopic 
ureterocele.

During physical examination, the lesion should be assessed 
for location, mobility, tenderness, defi nition (smooth versus 
irregular), and consistency (cystic versus solid). The presence of 
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Table 88-1 Vaginal Wall Cyst Location and Histology

Diagnosis Location Histology

Müllerian (paramesonephric) cyst Anywhere, usually anterolateral vaginal 
wall

Pseudostratifi ed columnar, mucinous

Gartner’s (mesonephric) cyst Same as müllerian cyst Low columnar, nonciliated, nonmucinous
Skene’s (paraurethral) duct cyst Floor of distal urethra Stratifi ed squamous
Bartholin’s gland cyst Lateral introitus, medial to labia minora Transitional or columnar, mucinous
Adenosis Vaginal fornices and upper walls Columnar, ciliated, mucinous
Cyst of canal of Nuck (hydrocele) Superior to labia majora or inguinal canal Flat cuboidal
Urethral caruncle Urethral meatus Loose connective tissue and vessels
Urethral diverticulum Periurethral, anterior vaginal wall Transitional or squamous epithelium
Inclusion cyst Area of previous surgery Stratifi ed squamous epithelium around keratinous 

debris
Endometriosis Anywhere, usually posterior fornix Two of three: endometrial glands, stroma, 

hemosiderin-laden macrophages
Ectopic ureterocele Periurethral Transitional or squamous epithelium
Vaginitis emphysematosa Upper two thirds of vagina Infl ammatory and giant cells
Hidradenoma Interlabial sulcus Papillomatous
Dermoid cyst Paravaginal Keratinized squamous epithelium and dermal 

appendages
Aggressive angiomyxoma Vagina and vulva Hypocellular, myxoid matrix of collagen and 

capillary-like vessels
Ciliated cyst Anywhere in vagina, vulvar vestibulum Müllerian-like columnar ciliated epithelium
Pigmented follicular cyst Vulva Stratifi ed squamous epithelium with 

keratinization and pore
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malignancy must always be considered. Pelvic organ prolapse, 
such as cystocele or enterocele, can mimic a vaginal cyst and 
should be ruled out.

Pelvic imaging by means of ultrasound, voiding cystourethro-
gram (VCUG), computed tomography (CT), or magnetic reso-
nance imaging (MRI) may be required to characterize the lesion 
further (Fig. 88-1). Although each of these modalities has been 
useful in the diagnosis of vaginal cysts, pelvic MRI is the preferred 
modality for diagnosing both cystic lesions and a variety of 
other genitourinary abnormalities, including pelvic organ pro-
lapse, urethral diverticula, ovarian abnormalities, and uterine 
pathology.

CYSTS OF EMBRYONIC ORIGIN

During the eighth week of embryologic development, the paired 
müllerian (paramesonephric) ducts fuse distally and develop into 
the uterus, cervix, and upper third of the vagina, which are lined 
by a pseudostratifi ed columnar (glandular) epithelium. Wolffi an 
(mesonephric) ducts normally regress in the female, and their 
remnants include Gartner’s duct, epoöphoron and paroöphoron. 
Beginning at week 12, a squamous epithelial plate derived from 

the urogenital sinus begins to grow upward and replace the origi-
nal pseudostratifi ed columnar epithelium with squamous 
mucosa. In addition to the lower two thirds of the vagina, the 
urogenital sinus derivatives in the female are Skene’s glands and 
Bartholin’s glands.4

Müllerian Cysts

During the process of replacement of the müllerian (pseudostrat-
ifi ed columnar) epithelium with squamous epithelium of the 
urogenital sinus, müllerian epithelial tissue can persist anywhere 
in the vaginal wall, although it typically rests within the antero-
lateral wall. Consequently, müllerian cysts tend to be located 
along the anterolateral aspect of the vagina.5 Müllerian deriva-
tives are the most common type of vaginal cyst; they are lined 
predominantly by mucinous epithelium but may be lined by any 
epithelium of müllerian origin: endocervical, endometrial, or fal-
lopian.4,6 Clinically, the distinction between müllerian and meso-
nephric (Gartner’s duct) cysts is of little importance.

Müllerian cysts range in size from 1 to 7 cm.4 The great major-
ity are asymptomatic and require no treatment. Occasionally, a 
müllerian cyst may become large enough that symptoms warrant 
excision.

Gartner’s Duct Cysts

Although it is clinically irrelevant to distinguish Gartner’s duct 
cysts from müllerian cysts, true Gartner’s duct cysts arise from 
vestigial remnants of the mesonephric (wolffi an) ducts. Gartner’s 
duct extends from the mesosalpinx via the broad ligament to the 
cervix, so these cysts are usually located along the anterolateral 
vaginal wall.4,6 Typically, they are small, with an average diameter 
of 2 cm, but the cysts may enlarge to the point where they are 
mistaken for other structures, such as a cystocele or urethral 
diverticulum (Fig. 88-2A).4 The largest Gartner’s duct cyst 
reported was 16 × 15 × 8 cm.7

An association between Gartner’s duct cysts and abnormali-
ties of the metanephric urinary system exists, and cases of ectopic 
ureter, unilateral renal agenesis, and renal hypoplasia have all 
been reported in association with Gartner’s duct cysts.8-10 Curra-
rino reported on fi ve children with a Gartner’s duct cyst and 
either ipsilateral renal hypoplasia or dysplasia,9 and Sheih and 
colleagues found that 6% of female children with unilateral renal 
agenesis had a Gartner’s duct cyst.10 Although such abnormalities 
usually present in childhood, awareness of this association should 
prompt the clinician to image the urinary tract when evaluating 
adults who present with Gartner’s duct cysts. MRI is especially 
useful, both for evaluation of the characteristics of the cyst and 
to rule out communication with the urinary tract (see Fig. 
88-2B).

Gartner’s duct cysts are synonymous with simple cysts and are 
lined by cuboidal or low columnar, nonciliated, nonmucinous 
cells. They can be distinguished from müllerian cysts by the pres-
ence of a basement membrane and smooth muscle layer; however, 
clear distinction between the two can be made only on the basis 
of histochemical staining: müllerian cysts are periodic acid–Schiff 
(PAS) and mucin positive, whereas mesonephric cysts are devoid 
of cytoplasmic mucicarmine or PAS-positive material.5,6

If a Gartner’s duct cyst is large and symptomatic, excision is 
indicated (see Fig. 88-2C). Successful treatment with cyst aspira-
tion and 5% tetracycline injection has been reported but without 
long-term follow-up.11

A

B
Figure 88-1 A, Voiding cystourethrogram (VCUG) demonstrates 
obstruction of distal urethra. B, Magnetic resonance imaging (MRI) 
confi rms that the obstructing lesion is a cyst.
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Skene’s Duct Cysts

Skene’s (paraurethral) glands are bilateral prostatic homologues 
located in the fl oor of the distal urethra. Obstruction of the ducts 
is presumed to occur in response to skenitis, of which gonorrhea 
is the most common cause.5,12 Because Skene’s ducts are embryo-
logically derived from the urogenital sinus, these cysts are lined 
by stratifi ed squamous epithelium.12

Clinically signifi cant cysts of Skene’s ducts are rare, but cysts 
larger than 2 cm often cause patients to seek treatment for urinary 
symptoms such as dysuria or obstructive voiding symptoms (Fig. 
88-3A).13 In this situation, a Skene’s duct cyst must be distin-
guished from a urethral diverticulum. Dysuria, history of urinary 
tract infections, and postvoid dribbling are common in the pres-
ence of a urethral diverticulum. Furthermore, on physical exami-
nation, compression of a Skene’s duct cyst should not result in 
fl uid extravasation. Both MRI and cystourethroscopy are useful 
to determine whether there is a communication between the 
lesion and the urethra (see Fig. 88-3B). It is of paramount impor-
tance to determine whether a vaginal cyst is of urethral origin. 
Unless a urethral diverticulum is suspected, urethral injury 
during cyst excision may occur, and a urethrovaginal fi stula can 
result if the urethra is not adequately repaired and postoperative 
catheter drainage instituted.

Small Skene’s duct cysts can be observed. Excision is recom-
mended for larger, symptomatic cysts. Marsupialization is not 
necessary, and the duct itself need not be preserved.5 Acute infec-
tion is a contraindication for excision; incision and drainage are 
advocated in this setting.

Bartholin’s Duct Cysts

Bartholin’s glands are also of urogenital sinus origin and are 
homologous to bulbourethral glands in males. Ductal obstruc-
tion, due to previous infection or inspissated mucus, is a prereq-
uisite to cyst formation. Size and rapidity of growth depend on 
the accumulation of secretions from Bartholin’s gland, which is 
infl uenced by sexual stimulation.4 Although most patients have 
no symptoms or only mild dyspareunia, repeated sexual stimula-
tion may be associated with rapidly enlarging, painful lesions. 
Pain may also indicate infection of the cyst.

Bartholin’s gland is composed of acini lined by columnar, 
mucus-secreting epithelium and ducts lined by transitional epi-
thelium. Larger ducts may contain areas of stratifi ed squamous 
epithelium.4 The origin of a Bartholin’s duct cyst is indicated by 
its histology: cysts arising from the main duct are lined by tran-
sitional or squamous epithelium, whereas cysts originating in an 
acinus are lined by mucinous columnar epithelium.5,14

A B

C

Figure 88-2 A, Large Gartner’s duct cyst mimics a urethral 
diverticulum. B, Magnetic resonance imaging confi rms cystic nature 
and absence of communication with the urinary tract. C, Excision.
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Bartholin’s duct cysts typically range from 1 to 4 cm in 
diameter. Most are unilateral, nontender, cystic masses located 
in the lateral introitus, medial to the labia minora (Fig. 88-4A). 
These lesions are detectable by ultrasound, CT, and MRI (see Fig. 
88-4B). If small and asymptomatic, they require no treatment. 

Cysts associated with pain, recurrent abscess formation, or 
introital obstruction require surgical intervention. Excision of 
Bartholin’s duct cysts has been described, but the preferred 
treatment is marsupialization to preserve function and prevent 
cyst or abscess reformation (see Fig. 88-4C). Incision and drain-
age is indicated for Bartholin’s abscesses, with defi nitive treat-
ment deferred until a period of quiescence.

Vaginal Adenosis

Vaginal adenosis is the presence of glandular epithelium within 
the vagina. It is attributed to failure of the squamous epithelium 
to replace the columnar epithelium in the vagina and ectocervix 
during embryogenesis.15 It can be found in infants, children, 
and adults, and it is the most common lesion in women 
exposed to diethylstilbestrol (DES).16 As with müllerian cysts, 
the lesions may represent any müllerian derivation and may 
include endocervical, endometrial, or tubal-type mucous cells 
(Fig. 88-5).6,17

Vaginal adenosis is commonly an incidental fi nding on exam-
ination of a DES-exposed woman and may resemble cervical 
ectropion. The classic appearance of adenosis is red, grape-like 
mucosa in the vaginal fornices and upper walls.5 Identifi cation of 
adenosis may be facilitated by its lack of staining with iodine 
solution.4,5 Symptoms may include excessive mucoid vaginal dis-
charge or mild postcoital bleeding.

No specifi c therapy is recommended for the treatment of 
adenosis, because the lesion may spontaneously regress. Routine 
examination of these lesions is recommended, because metaplas-
tic conversion is well documented.

Cysts of the Canal of Nuck (Hydrocele)

The processus vaginalis, also referred to as the canal of Nuck, is 
a rudimentary peritoneal sac that accompanies the round liga-
ment through the inguinal canal into the labia majora. During 
the fi rst trimester, the canal of Nuck normally becomes obliter-
ated. Persistence of the canal is associated with inguinal hernias, 
and occlusion at any point can lead to the formation of a cyst 
that is analogous to a hydrocele of the spermatic cord.

Cysts of the canal of Nuck are found in the superior aspect of 
the labia majora or inguinal canal. Their size may be several 
centimeters, and they are associated with an inguinal hernia in 
one third of cases.18 Most of these cysts are diagnosed intraopera-
tively, but if a cyst of the canal of Nuck is suspected preopera-
tively, the surgical approach should be that for an inguinal 
herniorrhaphy.

CYSTS OF URETHRAL ORIGIN

It is important to determine whether a cystic lesion in the vagina 
is of urethral origin, because excision of urethral lesions requires 
postoperative catheter drainage to prevent fi stula formation.

Urethral Caruncle

The term caruncle refers to a wide variety of lesions protruding 
from the urethral meatus. Urethral caruncles typically occur in 
postmenopausal women and most likely represent ectropion of 
the urethral wall due to postmenopausal regression of the vaginal 

A

B
Figure 88-3 A, Vaginal mass causing distal urethral obstruction 
which proved to be a Skene’s duct cyst. B, Preoperative magnetic 
resonance image demonstrates a cystic lesion arising in the urethra, 
consistent with a Skene’s duct cyst.
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mucosa. Urethral prolapse is often mistakenly diagnosed as a 
caruncle in a child.

On physical examination, a urethral caruncle is seen as a soli-
tary, red, polypoid lesion protruding from one segment of the 
urethral meatus (Fig. 88-6). Most caruncles measure only a few 
millimeters in diameter. Symptoms range from mild bleeding to 
extreme discomfort.

Based on histology, caruncles are classifi ed as either papillo-
matous, angiomatous, or granulomatous.4 All types consist of a 
core of loose connective tissue and blood vessels covered by a 
transitional or squamous epithelium. Classifi cation depends on 
the degree of associated infl ammatory reaction.

Treatment is expectant for small, asymptomatic lesions. 
Excision is performed for lesions with signifi cant symptoms or 
in cases in which carcinoma must be ruled out.

Urethral Diverticulum

A urethral diverticulum typically manifests as a cystic lesion in 
the anterior vaginal wall along the distal urethra (Fig. 88-7A). It 
most likely forms as a consequence of the rupture of infected 
periurethral glands into the lumen. Common symptoms include 
postvoid dribbling, dyspareunia, and recurrent urethritis or cys-
titis. Compression of the cyst may cause expulsion of urine or 
purulent material.

Cystourethroscopy is often the initial test when evaluating 
a patient with a suspected urethral diverticulum, but it may 
not be diagnostic if the neck of the diverticulum is small. In this 
case, imaging is invaluable. Neitlich and colleagues demon-
strated that high-resolution, fast-spin echo technique MRI has a 
high sensitivity for detecting diverticula and a higher negative 

A B

C
Figure 88-4 A, Bartholin’s duct cyst on physical examination. 
B, Magnetic resonance image. C, Marsupialization.
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predictive rate than double-balloon urethrography.19 A combina-
tion of both VCUG and MRI can be used to accurately diagnosis 
the condition and localize the lesion or lesions (see Fig. 
88-7B,C).

Transvaginal excision with postoperative urethral catheter 
drainage is the preferred treatment, although endoscopic incision 
has been described.

Figure 88-5 Microscopic appearance of vaginal adenosis.

Figure 88-6 Urethral caruncle.

EPIDERMAL CYSTS

Epidermal inclusion cysts secondary to buried epithelial frag-
ments after episiotomy or other surgical procedures are the most 
common nonembryologic type of vaginal cysts.4 In Nigeria, epi-
dermal inclusion cysts are common in the fi rst decade of life, and 
this has been attributed to the practice of prepubertal female 
circumcision.2

Inclusion cysts vary in size from a few millimeters to several 
centimeters in diameter. Their location correlates with an area of 
previous surgery, and their contents appear cheese-like and may 
even resemble a thick, purulent exudate. Imaging of these lesions 
by MRI reveals a cystic structure containing heterogeneous 
fl uid.

On histologic examination, inclusion cysts are lined with 
stratifi ed squamous epithelium and contain sebaceous-appearing 
material that represents desquamated epithelial cells. Cysts lined 
by squamous epithelium but not associated with buried skin 
fragments are simply termed epidermal cysts. Because these cysts 
are usually asymptomatic, they may be observed.

ENDOMETRIOSIS

Endometriosis is the ectopic implantation of endometrial glands 
and stroma. Primary occurrence in the vulva and vagina is rare 
and usually represents a secondary manifestation of pelvic disease. 
On gross examination, these cysts are mucoid and may appear 
brown or black. Nodules of endometriosis are located in the 
posterior fornix and appear red-blue to yellow-brown (“choco-
late cyst”). The patient may complain of cyclic enlargement, dys-
menorrhea, dyspareunia, pelvic pain, or dysuria.

Two of the following three characteristics must be present to 
make the diagnosis: endometrial glands, stroma, and hemosid-
erin-laden macrophages. Foreign body giant cells may be found.4 
Treatment is destruction or excision of the lesions.

ECTOPIC URETEROCELE

A ureterocele is a cystic dilatation of the distal ureter. 
Ureteroceles are commonly associated with the upper pole 
of a duplicated collecting system; if present with an ectopic 
ureter, they may manifest as a cystic vaginal mass. Although 
diagnosis is usually made at an early age, an ectopic ureterocele 
may manifest as incontinence in an older female child or young 
woman.

Clinically, most ureteroceles are diagnosed by prenatal ultra-
sound examination, but they may also be found as a cystic vaginal 
mass on physical examination. An endoscopic or open surgical 
approach is dictated by factors such as the presence of duplica-
tion, refl ux, and parenchymal function of the upper pole associ-
ated with the ectopic ureterocele.

PELVIC ORGAN PROLAPSE

Prolapse of pelvic organs (e.g., cystocele, rectocele) can manifest 
as a vaginal cystic lesion. Symptoms can range from mild vaginal 
pressure to urinary incontinence or retention. Diagnosis is by 
history and physical examination. MRI is often helpful. All of the 
options for treatment are beyond the scope of this chapter and 
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A

C

B

Figure 88-7 A, Large urethral diverticulum. B, Imaging of urethral 
diverticulum by voiding cystourethrogram (VCUG). C, Magnetic 
resonance image.

will not be discussed, but in general treatment depends on the 
patient’s symptoms, health status, and degree of prolapse.

RARE CYSTIC LESIONS

Vaginitis Emphysematosa

Vaginitis emphysematosa is a rare, benign process characterized 
by gas-fi lled cysts in the vaginal wall, fi rst described by Zweifel in 
1877.20 Fewer than 200 cases have been reported in the literature. 
Most patients present with symptoms of vaginitis, but an audible 
popping sound during intercourse has been reported by some.21 

No defi nitive infectious etiology has been found, but most cases 
are associated with Trichomonas vaginalis.22

Diagnosis can be made by physical examination. The cysts are 
usually found in the upper two thirds of the vagina but may 
extend to the lower vagina, and rarely to the vulva. On physical 
examination, the cysts are seen to be discrete, tense, and smooth, 
and they may create a popping sound when ruptured during a 
vaginal examination. On histologic examination, the cysts are 
found to contain pink hyaline-like material, and they are lined 
by foreign body giant cells and other infl ammatory cells.23 
The condition is self-limited and does not require specifi c 
treatment.
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Hidradenoma

Hidradenomas of the vagina are well-circumscribed, freely mobile 
nodules found mainly on the medial aspect of the labia majora 
in the interlabial sulcus. The majority are smaller than 1 cm. The 
presence of granular, papillomatous tissue is suggestive of the 
diagnosis. Microscopic examination is remarkable for a cystic 
lesion fi lled with papillomatous growths.4 Treatment is by local 
excision.

Dermoid Cyst

Only two cases of dermoid cysts involving the vagina have been 
reported.24,25 In both cases, the cyst originated in the paravaginal 
space and diagnosis was delayed. Histology is remarkable for a 
cyst lined by keratinized squamous epithelium and containing 
dermal appendages.

Aggressive Angiomyxoma

Aggressive angiomyxoma is a rare myofi broblastic tumor of the 
pelvic and genital soft tissues with just over 110 cases reported in 
the literature. It is typically found in women 35 to 40 years of age, 
although it can develop in men and children as well.26 The term 
“aggressive” refers to its pattern of local infi ltration and recurrent 
growth. Most are large (>10 cm), and surgical resection after 
imaging to determine the extent of disease is recommended.

Ciliated Cyst

A ciliated cyst is a cyst lined with columnar ciliated epithelium. 
Ciliated cysts are rare and are probably of müllerian origin. 
They occur in women 25 to 35 years of age and have been 
associated with pregnancy, exogenous progesterone, and 
chronic infl ammation.27 Resection is indicated for symptomatic 
lesions.

Pigmented Follicular Cyst

Pigmented follicular cysts are rare, occur predominantly in adult 
men, are composed of stratifi ed squamous epithelium with epi-
dermoid keratinization, and have a pore-like opening to the skin 
surface. Only one case of pigmented follicular cyst of the vulva 
has been reported, and treatment of this lesion was with CO2 
laser.28

CONCLUSIONS

Cystic lesions of the vagina and vulva are a relatively common 
occurrence and represent a spectrum of disease from embryo-
logic derivatives to preneoplastic lesions. Familiarity with the 
different diagnoses is essential for any clinician involved in gyne-
cologic or female urologic practice in order to arrive at the correct 
diagnosis and treatment plan.
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Chapter 89

PATHOPHYSIOLOGY OF PELVIC PAIN
Ursula Wesselmann

Chronic pelvic pain syndromes belong to the category of visceral 
pain. Chronic pelvic pain is a common and debilitating problem 
that can signifi cantly impair a woman’s quality of life. Patients 
with chronic pelvic pain are usually evaluated and treated by 
urologists, gynecologists, gastroenterologists, and internists. 
The clinical presentation is often considered to be a diagnostic 
dilemma, because many urologic, gastrointestinal, and gyneco-
logic disorders appear to cause or are associated with chronic 
pelvic pain.1 Although these patients seek medical care because 
they are looking for help to alleviate their pelvic discomfort and 
pain, in clinical practice much emphasis has been placed on 
fi nding a specifi c cause and specifi c pathologic markers for pelvic 
disease. These patients typically undergo many diagnostic tests 
and procedures. Often, however, the examination and workup 
remain unrevealing and no specifi c cause of the pain can be 
identifi ed. In these cases, it is important to recognize that pain is 
not only a symptom of pelvic disease, but that the patient is suf-
fering from a chronic pelvic pain syndrome, in which “pain” 
is the prominent symptom of the chronic visceral pain 
syndrome.2,3

The purpose of this chapter is to review the pathophysiology 
of chronic nonmalignant pelvic pain, a chronic visceral pain syn-
drome. Because of the anatomic location of the viscera, they do 
not lend themselves easily to experimental manipulation, but 
recognition of the existence of the chronic pelvic pain syndromes 
has resulted in the development of novel animal models to study 
the pathophysiologic mechanisms of chronic pelvic pain4 and of 
clinical studies to assess pain treatment options. Knowledge of 
the neurophysiologic characteristics of visceral pain will guide the 
physician in making a diagnosis of chronic pelvic pain and in 
sorting it out from the lump diagnosis of idiopathic pain.3 A 
basic understanding of the neurobiology is paramount to gain 
further insights into the mechanisms of the pelvic pain disorders 
and contributes greatly to the development of effective clinical 
management strategies for patients presenting with these 
syndromes.

DEFINITIONS: WHAT IS CHRONIC PELVIC PAIN?

Defi nitions are important if a body of reliable information is to 
be built up in the scientifi c literature that will eventually lead to 
a better understanding of the pathophysiology of chronic pelvic 
pain. At present, one of the major problems of research into 
chronic pelvic pain is the lack of agreed defi nitions, which would 
allow comparisons among studies. On the other hand, lack of 
understanding of the pathophysiologic mechanisms of the pelvic 
pain syndromes makes it diffi cult to decide on criteria to defi ne 
chronic pelvic pain conditions.5

Pain is defi ned by the International Association for the Study 
of Pain (IASP) as an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage, or is 
described in terms of such damage.6 There is no generally accepted 
defi nition of chronic pelvic pain. The IASP defi nes chronic pelvic 
pain without obvious pathology as chronic or recurrent pelvic 
pain that apparently has a gynecologic origin but for which no 
defi nitive lesion or cause is found.6 This defi nition is problematic 
from a clinical perspective, because it implies absence of pathol-
ogy, which might not necessarily be the case (for example, many 
patients with endometriosis suffer from pelvic pain). It also 
excludes cases in which pathology is present but not necessarily 
the cause of pain (for example, some patients with endometriosis 
do not have pelvic pain). As in many other pain conditions, the 
relationship of the pain complaint to the presence of pathology 
is often unclear in patients with chronic pelvic pain. The propor-
tion of women with chronic pelvic pain and a specifi c diagnosis 
(or diagnoses) varies greatly in the literature. A large primary care 
study from Great Britain found that diagnoses related to urinary 
and gastrointestinal tracts are more common than gynecologic 
causes (30.8% urinary, 37.7% gastrointestinal, 20.2% gyneco-
logic). Further, 25% to 50% of women with chronic pelvic pain 
who received medical care in primary care practices had more 
than one diagnosis.7,8

Several medical societies have recently published consensus 
statements revising defi nitions of chronic pelvic pain. The Inter-
national Continence Society has defi ned “pelvic pain syndrome” 
as the occurrence of persistent or recurrent episodic pelvic pain 
associated with symptoms suggestive of lower urinary tract, 
sexual, bowel, or gynecologic dysfunction in the absence of 
proven infection or other obvious pathology.9 The European 
Association of Urology suggested extending this defi nition by 
considering two subgroups based on the presence or absence of 
well-defi ned conditions that produce pain.10 In the gynecologic 
literature, chronic pelvic pain is often referred to as pelvic pain 
in the same location for at least 6 months. The American College 
of Obstetricians and Gynecologists has proposed the following 
defi nition: chronic pelvic pain is noncyclic pelvic pain of 6 or 
more months’ duration that localizes to the anatomic pelvis, 
anterior abdominal wall at or below the umbilicus, the lumbo-
sacral back, or the buttocks and is of suffi cient severity to cause 
functional disability or lead to medical care. A lack of physical 
fi ndings does not negate the signifi cance of a patient’s pain, and 
normal examination results do no preclude the possibility of 
fi nding pelvic pathology.1 Defi nitions of chronic pelvic pain will 
probably continue to be revised, as knowledge about the patho-
physiology of pelvic pain is increasing based on basic science and 
clinical research. When reviewing literature on chronic pelvic 
pain, it is crucial for the reader to realize which defi nition of 
chronic pelvic was actually used for the study.
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HOW COMMON IS CHRONIC PELVIC PAIN? 
EPIDEMIOLOGIC DATA

Chronic pelvic pain is more common than previously thought. 
Epidemiologic data from the United States showed that 14.7% 
of women in their reproductive years reported chronic pelvic 
pain, and the estimated number of female pelvic pain sufferers 
was 9.2 million in the United States alone.11 Analysis of a large 
primary care database from the United Kingdom demonstrated 
that the annual prevalence rate of chronic pelvic pain in women 
was 38/1000, which is comparable to the prevalence rates of 
asthma and low back pain.7 Although this study found a high 
prevalence of pain, many women had never had the condition 
diagnosed.12

NEUROANATOMY OF THE PELVIS

The purpose of this section is to provide an overview of the 
innervation of the pelvis and urogenital fl oor.13,14 Although this 
summary attempts to derive as much information as possible 
from investigations involving humans, it is important to note 
that some generalizations are necessarily taken from animal 
studies, recognizing that much research in this fi eld is still in its 
infancy.

All viscera, including the pelvic visceral organs, are dually 
innervated by both divisions of the autonomic nervous system, 
the sympathetic and parasympathetic divisions, as well as by 
the somatic and sensory nervous systems. In a broad anatomic 
view, dual projections from the thoracolumbar and sacral seg-
ments of the spinal cord carry out this innervation, converging 
primarily into discrete peripheral neuronal plexuses before 
distributing nerve fi bers throughout the pelvis (Fig. 89-1). Inter-
active neuronal pathways routing from higher origins in the 
brain through the spinal cord add to the complexity of neuronal 
regulation in the pelvis. Although it is important to appreciate 
the infl uence of supraspinal centers in the coordination of pelvic 
organ activities, it is beyond the scope of this section to discuss 
these interactions in further detail; for review, see Bors and 
Comarr,15 Morrison,16 de Groat et al,17 de Groat,18 and Berkley 
and Hubscher.19

The nomenclature of the various plexuses, ganglia, and nerves 
in the pelvic cavity (see Dail20) is varied, and sometimes there are 
confusing presenting designations from both Nomina Anatom-
ica21 and clinical usage (see Baljet and Drukker22). In this review 
and in Figure 89-1, the anatomic nomenclature is used, with the 
clinical usage given in parentheses: superior hypogastric plexus 
(presacral nerve), hypogastric plexus (hypogastric nerve), infe-
rior hypogastric plexus (pelvic plexus), and pelvic splanchnic 
nerve (pelvic nerve).

Within the pelvis, the inferior hypogastric plexus is regarded 
as the major neuronal integrative center. Neuroanatomic studies 
have confi rmed its retroperitoneal location adjacent to each 
lateral aspect of the rectum, with interconnections between the 
left and right inferior hypogastric plexuses at the posterior aspect 
of the rectum.23-26 It innervates multiple pelvic organs, including 
the urinary bladder, proximal urethra, distal ureter, rectum, and 
internal anal sphincter, as well as genital and reproductive tract 
structures.27 The anterior part of the inferior hypogastric plexus, 
which is associated with the distal extent of the hypogastric plexus 
(hypogastric nerve), is referred to as the paracervical ganglia in 
females.28 The paracervical ganglia part of the inferior hypogas-

tric plexus in the female, situated in the parametrium lateral to 
the cervix and the upper part of the vagina, distributes nerve 
fi bers to the corpora cavernosa of the clitoris, vagina, and 
periurethral tissues.28

Neuronal input to the inferior hypogastric plexuses involves 
dual input through the sympathetic and parasympathetic divi-
sions of the autonomic nervous system. Sympathetic nerves 
originate in the thoracolumbar segments of the spinal cord (T10-
L2) and condense into the superior hypogastric plexus located 
just inferior to the aortic bifurcation. Preganglionic efferents 
originate largely in the intermediolateral cell column, whereas 
afferents have their cell bodies located in dorsal root ganglia of 
these segments. Nerve fi bers project from the superior hypogas-
tric plexus as paired hypogastric plexuses (hypogastric nerves) 
and fuse distally before diverging bilaterally into branches 
destined for the inferior hypogastric plexuses. Additional 
sympathetic innervation to genitourinary organs may involve 
preganglionic nerves that synapse on postganglionic nerves origi-
nating in sympathetic chain ganglia; these postganglionic nerves 
join sacral nerves and course to their destinations via pelvic 
somatic neuronal pathways.29 Parasympathetic preganglionic 
nerve efferents are thought to arise from cell bodies of the sacral 
parasympathetic nucleus located in the intermediolateral gray 
matter of the sacral spinal cord (S2-S4) and to fuse as the pelvic 
splanchnic nerve before entering the inferior hypogastric 
plexus.30,31 Parasympathetic afferents have cell bodies located in 
the S2-S4 dorsal root ganglia and course also within the pelvic 
splanchnic nerve. In addition to its parasympathetic efferent and 
afferent component, the pelvic splanchnic nerve also receives 
postganglionic axons from the caudal sympathetic chain 
ganglia.18

A distinctive distribution of pelvic autonomic innervation is 
recognized at the urogenital organ level. Lower urinary tract 
smooth muscle, including that of the proximal urethra, urinary 
bladder, and lower ureter, receives direct postganglionic efferent 
projections from the inferior hypogastric plexus, although vesical 
or intramural ganglia also serve as origins for postganglionic 
axons.32 The inferior hypogastric plexus additionally provides 
afferent input to the lower urinary tract and internal reproduc-
tive organs, with proximal afferent fi bers predominantly project-
ing through the hypogastric plexuses (hypogastric nerves) (see 
Jänig and Koltzenburg33).

The autonomic innervation of the female genitalia has been 
less well studied than the male counterpart. It involves inferior 
hypogastric plexus projections deriving primarily from the para-
cervical ganglia part of the plexus. Conspicuous nerve trunks run 
in the adventitia of the vagina parallel to its long axis, sending off 
anterior branches that course to the clitoris and periurethral 
tissues and local branches that enter the vaginal smooth muscle 
walls.22,34 A network of nerve fi bers tends to follow vascular dis-
tributions and conspicuously terminates at the junction between 
the subepithelial connective tissue and the vaginal epithelium as 
well as within the epithelium.34 Nerve density is observed to be 
greater in the distal vagina than in the proximal regions.34

Although the rectum and the anal sphincters are closely situ-
ated anatomically, their exact sources of innervation differ. Not 
surprisingly, a division of neural control is characterized on the 
basis of morphologic and functional differences. The smooth 
muscle of the rectum and internal anal sphincter (a thickened 
continuation of the circular smooth muscle fi bers of the rectal 
wall) is infl uenced by the autonomic nervous system and receives 
innervation directly from sympathetic and parasympathetic 
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Figure 89-1 Schematic drawing showing the innervation of the pelvic area in the human female. CEL, celiac plexus; DRG, dorsal root 
ganglion; HGP, hypogastric plexus (hypogastric nerve); IHP, inferior hypogastric plexus (pelvic plexus); PSN, pelvic splanchnic nerve (pelvic 
nerve); PUD, pudendal nerve; SA, short adrenergic projections; SAC, sacral plexus; SCG, sympathetic chain ganglion; SHP, superior 
hypogastric plexus (presacral nerve); Vag = vagina. (From Wesselmann U, Burnett AL, Heinberg LJ: The urogenital and rectal pain 
syndromes. Pain 73:269-294, 1997. With permission of the International Association for the Study of Pain.)

origins coursing through or synapsing within the inferior hypo-
gastric plexus.35 Rectal branches from this plexus accompany the 
middle rectal vessels to the lateral sides of the rectum, within 
condensations of connective tissue referred to as the lateral liga-
ments of the rectum.35 At the level of the intestinal wall, innerva-
tion continues according to the pattern observed throughout the 
gastrointestinal tract, which involves two ganglionic plexuses, the 
myenteric plexus lying between the longitudinal and circular 
muscle layers and the submucosal plexus.27 In contrast, the stri-
ated muscle of both the external anal sphincter and the levator 
ani (including the puborectalis muscle) is generally under the 
control of the somatic nervous system.

Somatic efferent and afferent innervation to the pelvis is gen-
erally understood to involve the sacral nerve roots (S2-S4) and 
their ramifi cations. Somatic efferents arise within Onuf’s nucleus 
situated in the ventral horn of the S2-S4 spinal cord, and afferents 
reach the dorsal horn with their cell bodies in dorsal root ganglia 

of these segments.32 Central projections of somatic afferents 
overlap with pelvic nerve afferents within the spinal cord, which 
theoretically allows coordination of somatic and visceral motor 
activity.29

The sacral nerve roots emerge from the spinal cord, forming 
the sacral plexus,36 from which the pudendal nerve diverges 
(S2-S3) along with the sciatic nerve, between an initial division 
of sacral nerves that branch to the levator muscle and a subse-
quent division of fi bers that intermingle with autonomic 
pelvic nerves coursing to the inferior hypogastric plexus.37-39 The 
pudendal nerve also receives postganglionic axons from the 
caudal sympathetic chain ganglia.18 In general, the pudendal 
nerve runs medial to the internal pudendal vessels along the 
lateral wall of the ischiorectal fossa, dorsal to the sacrospinous 
ligament. An initial branch then splits off destined to innervate 
the clitoris, and the remaining pudendal nerve fi bers distribute 
branches in various directions, which include medial branches to 
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the anal canal (external anal sphincter and puborectalis muscle), 
dorsal branches to the urethral sphincter, and dorsolateral 
branches primarily to anterior perineal musculature (including 
bulbospongiosus and ischiocavernosus muscles). Nerves origi-
nating predominantly from sacral level S4 supply the posterior 
perineal musculature, and branches of S4-S5 nerve roots forming 
the coccygeal plexus distribute to perineal, perianal, and labial 
skin.39

Nociception and pain arising from within the pelvis and pelvic 
fl oor involve diverse neuronal mechanisms. In general, sensa-
tions from the pelvic viscera are conveyed within the sacral affer-
ent parasympathetic system, with a far lesser afferent supply from 
thoracolumbar sympathetic origins.33 Functionally, this dual 
innervation contributes to differential processing of visceral 
stimuli by different regions of the neuraxis. For example, in a 
model of colonic pain it was demonstrated that the pelvic nerve 
and lumbosacral spinal cord process acute or transient colorectal 
pain with recruitment of the splanchnic innervation during 
infl ammation of the colon.40,41 Pelvic nerve afferents innervate 
the deeper layers of hollow organs, including mucosa and sub-
mucosa as well as the muscle and serosa.42 Receptive fi elds in the 
perineum are understood to be carried out primarily by sensory-
motor discharges associated with pudendal nerve afferents.17,33 
While the interactions of sensory afferents are quite complex, 
likely possibilities by which these pathways exert effects on auto-
nomic efferent function include mediatory effects on spinal cord 
refl exes and modulatory effects on efferent release in peripheral 
autonomic ganglia and in peripheral organs. These neural struc-
tures in the periphery comprise the fi rst of numerous relays of 
sensory neurons that transmit painful sensations from the 
abdominal/pelvic cavity to the brain.

Traditionally, it was thought that ascending pathways for 
visceral and other types of pain were mainly the spinothalamic 
and spinoreticular tracts. Recently, three previously undescribed 
pathways that carry visceral nociceptive information have been 
discovered: the dorsal column pathway, the spino(trigemino)-
parabrachio-amygdaloid pathway, and the spinohypothalamic 
pathway (see review in Cervero and Laird43). The dorsal column 
pathway plays a key role in the processing of pelvic pain, and 
neurosurgeons have successfully used punctate midline myelot-
omy to relieve pelvic pain due to cancer (see review in Willis 
and Westlund44). In addition, descending facilitatory infl uences 
may contribute to the development of maintenance of hyperal-
gesia, thus contributing to the development of chronic pelvic 
pain.45

VISCERAL NOCICEPTION: VISCERAL NOCICEPTORS, 
VISCERAL SENSITIZATION, AND REFERRED 
PAIN MECHANISMS

Chronic visceral pain is a much greater clinical problem than that 
from skin, however, until relatively recently, the focus of experi-
mental work on pain mechanisms mainly related to cutaneous 
sensation. Although it was often assumed that concepts derived 
from cutaneous studies could be transferred to the visceral 
domain, there are emerging experimental data indicating that the 
neural mechanisms involved in pain and hyperalgesia of the skin 
are different from the mechanisms involved in painful sensations 
from the viscera.46,47 This is supported by differences between 
somatic and visceral pain based on clinical observation. In con-
trast to somatic pain, visceral pain cannot be evoked from all 

viscera and is not necessarily linked to visceral tissue injury. 
Further, visceral pain tends to be a diffuse and poorly localized 
sensation, whereas somatic pain can be localized exactly. Differ-
ent from somatic pain, visceral pain can be referred to other vis-
ceral structures and somatic structures of the same segmental 
level. For example, patients with chronic pelvic pain typically 
report multiple pelvic pain problems, and they present with pain 
radiating to the lower back and legs.7,8

The visceral innervation is not as dense as the somatic inner-
vation. It is assumed that at most 5% to 8% of the total afferent 
input to the spinal cord is contributed by spinal visceral nerves.48 
This rather sparse afferent input to the spinal cord from the 
viscera is compensated for by an extensive divergence in the 
central nervous system. In addition, recent studies have suggested 
that some visceral afferents innervate more than one organ. 
About 20% of dorsal root ganglion cells retrogradely labeled from 
the colon were double-labeled from the bladder.49 The physio-
logic role of the bifurcating afferents is not clear, because record-
ings from colon or bladder afferents failed to provide evidence 
of excitation of the other organ.50,51 It is possible that these bifur-
cating afferents become active after infl ammation. This hypoth-
esis is supported by the observation that colonic infl ammation in 
a rat model results in plasma extravasation in an otherwise 
normal bladder.52 These neuroanatomic and neurophysiologic 
observations might explain why visceral pain tends to be diffuse 
and poorly localized, providing a diagnostic challenge to the 
health care provider who is trying to ascertain the origin of the 
pain.

There are two components of visceral pain, which were already 
described more than 100 years ago53: “true visceral pain,” which 
is deep visceral pain arising from inside the body, and “referred 
visceral pain,” which is pain that is referred to segmentally related 
somatic and also other visceral structures. Secondary hyperalge-
sia usually develops at the referred site.4 Although several mecha-
nisms have been entertained to explain the referred pain 
phenomenon over the last 70 years, the most convincing experi-
mental evidence is provided by the observation of convergence. 
Convergence of afferent input is a typical characteristic of second-
order neurons in the spinal cord that receive visceral input. These 
visceroceptive spinal neurons receive convergent somatic input 
from skin and musculature.54 In addition, viscerovisceral conver-
gence of input onto second-order spinal neurons is common 
(e.g., colon and bladder). This mechanism offers a ready explana-
tion for the segmental nature of referred pain, but it does not 
address explicitly the issue of hyperalgesia in the referred zone. 
To interpret “referred pain with hyperalgesia,” two main theories 
have been proposed, which are not mutually exclusive. The fi rst 
is known as convergence-facilitation theory. It proposes that the 
abnormal visceral input produces an irritable focus in the relative 
spinal cord segment, thus facilitating messages from somatic 
structure. The second theory postulates that the visceral afferent 
barrage induces the activation of a refl ex arc whose afferent 
branch is presented by visceral afferent fi bers and efferent branch 
by somatic efferents and sympathetic efferents toward the somatic 
structures (muscle, subcutis, and skin). The efferent impulses 
toward the periphery sensitize nociceptors in the parietal tissues 
of the referred area, thus resulting in the phenomenon of 
hyperalgesia.

When examining and treating a woman with chronic pelvic 
pain, it is important to consider the true and referred aspects of 
the visceral pain syndrome, including the pain deep in the pelvic 
cavity and pain referred to somatic structures (lower back and 
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legs) and other visceral organs. The mechanisms of referred vis-
cerovisceral pain might explain the substantial overlap observed 
in epidemiologic studies between chronic pelvic pain and other 
abdominal symptoms.12,55 Considering the concept of referred 
visceral pain and realizing that the visceral innervation is sparse, 
but compensated for by extensive divergence in the central 
nervous system, will allow the health care provider to look at the 
global picture of visceral dysfunction, rather than “chasing” one 
aspect of the visceral pain syndrome out of context.

The existence of visceral nociceptors has been debated for a 
long time, in part because of the diffi culty of defi ning and apply-
ing physiologically relevant noxious stimuli to the viscera (for 
review, see Bielefeldt and Gebhart54). The functional properties 
of visceral afferent neurons have been studied by recording 
afferent fi ber activity and responses to controlled visceral stimuli 
in teased fi ber preparations in which one or a few axons are 
recorded. These experiments have shown that several kinds 
of sensory receptors exist in most internal organs and that 
different pain states are mediated by different neurophysiologic 
mechanisms.56 Acute, brief visceral pain seems to be triggered 
initially by the activation of high-threshold visceral afferents 
and by the high-frequency bursts that these stimuli evoke in 
intensity-coding afferent fi bers, which are afferents with a range 
of responsiveness in the innocuous and noxious ranges. However, 
more prolonged forms of visceral stimulation, including those 
leading to hypoxia and infl ammation of the tissue, result in sen-
sitization of high-threshold receptors and the bringing into play 
of previously unresponsive afferent fi bers, termed “silent noci-
ceptors.” This is a special class of mechano-insensitive C-fi ber 
nociceptors that has been found in almost all tissues, including 
in animal models of visceral pain.57 Silent afferents are activated 
only in the presence of tissue damage or infl ammation, which 
might explain why visceral pain cannot be evoked from all viscera 
and is not necessarily linked to every type of visceral tissue 
injury. 

There are several potential molecular substrates that may play 
key roles in the peripheral sensitization of nociceptor terminals 
in viscera. Messengers for tetrodotoxin (TTX)-resistant sodium 
channels, specifi cally Na 1.8, are primarily found in small-
diameter neurons with unmyelinated axons, which typically play 
an important role in nociception. Essentially all visceral sensory 
neurons have unmyelinated or thinly myelinated axons. Capsa-
icin and protons bind the vanilloid TRPV1 receptor. TRPV1 is 
coexpressed with calcitonin gene-related peptide (CGRP) and 
substance P in 60% to 80% of visceral afferents.58 TRPV1 expres-
sion in sensory fi bers was correlated positively with the degree of 
hypersensitivity in patients with rectal hypersensitivity.59 In addi-
tion, urothelial cells (non-neuronal tissue) have been shown to 
express TRPV1 receptors as well, and these can be activated by 
vanilloids to produce the release of adenosine triphosphate 
(ATP), which then can activate P2X3 receptors in sensory affer-
ent fi bers.60 (Birder et al. 2001). This mechanism might account 
for the enhanced bladder sensitivity observed in patients with 
interstitial cystitis. Prostaglandins are synthesized in response to 
tissue injury by cyclooxygenase. They sensitize sensory fi bers to 
mechanical and thermal stimuli and contribute to spinal process-
ing of visceral pain.61 In studies of central contributions to vis-
ceral sensitization, the main focus has been the spinal cord. 
Intrathecal application of N-methyl-d-aspartate (NMDA) and 
non-NMDA receptor antagonists signifi cantly attenuates visceral 
hypersensitivity in behavioral models, and spinal application of 
NMDA agonists increases the magnitude and duration of visceral 

pain responses.62,63 NMDA receptors are expressed in primary 
afferents and in dorsal horn neurons.

SEX, GENDER, AND GONADAL HORMONAL STATUS

A distinguishing feature of many of the pelvic pain syndromes is 
the overwhelming burden reported by women in their reproduc-
tive years. For example, population prevalence estimates in 
patients with interstitial cystitis indicate a female-to-male ratio 
of 9:1.64 Interestingly, and in support of the hypothesis that the 
gonadal hormonal milieu infl uences pain perception, several 
pain syndromes are more common in women than in men.65,66 
There is growing evidence from studies in animals and humans 
that the response to noxious stimuli may be infl uenced by the 
gonadal hormonal milieu and varies across different phases of 
the estrous (rodents) or menstrual (humans) cycle.65,67-69 However, 
the variations observed in different studies are inconsistent70 and 
cannot be linked to only one phase of the cycle.

CLINICAL IMPLICATIONS

Because epidemiologic data have confi rmed the widespread exis-
tence of chronic pelvic pain in the female population in last 10 
years, there is growing interest in the pharmaceutical industry to 
expand basic science and clinical research efforts for this under-
served patient population. Controlled clinical trials are desper-
ately needed to design improved pharmacologic treatment 
strategies. To date, most reports on the pharmacologic treatment 
of chronic pelvic pain are anecdotal. Currently used pharmaco-
logic treatment approaches have mainly been evaluated for other 
chronic pain syndromes, and not specifi cally for chronic pelvic 
pain. Several different pharmacologic classes of medications have 
been demonstrated to be effective in alleviating pain in patients 
with chronic pain syndromes: nonsteroidal anti-infl ammatory 
drugs (NSAIDs), antidepressants, anticonvulsants, local anes-
thetic antiarrhythmics, and opioids (for review, see Wessel-
mann71). Although clinical trials and case reports on the 
pharmacologic management of chronic pain syndromes provide 
general guidelines as to which drug to choose, currently we have 
no method to predict which drug is most likely to alleviate pain 
in a given patient. Therefore, it is a “trial and error” method of 
prescribing drugs.

As the pathophysiologic mechanisms of visceral pain explored 
in basic science research have provided explanations for some of 
the clinical phenomena observed in patients, additional, revived 
and new concepts of chronic pelvic pain have emerged. First, a 
spectrum of different insults might lead to chronic pelvic pain. 
Second, different underlying pathogenic pain mechanisms may 
require different pain treatment strategies for patients presenting 
with pelvic pain. And third, multiple different pathogenic pain 
mechanisms may coexist in the same patient presenting with 
chronic pelvic pain, requiring several different pain treatment 
strategies (perhaps concomitantly) to successfully treat visceral 
pain.3
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Chapter 90

NEUROENDOCRINE ROLE IN 
INTERSTITIAL CYSTITIS AND CHRONIC 
PELVIC PAIN IN WOMEN
C. A. Tony Buffi ngton

The International Association for the Study of Pain defi nes pain 
as “an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of 
such damage.” The awareness of acute pain motivates those expe-
riencing it toward withdrawal and guarding to permit avoidance 
of further injury and activation of repair processes. In some cases 
of chronic pain, however, the situation may be somewhat differ-
ent, in that the severity of signs loses its usual tight correlation 
with symptoms. In chronic visceral pain states such as interstitial 
cystitis (IC) and chronic pelvic pain (CPP), the endocrine system 
also may be involved in maintaining the sensation of pain (Fig. 
90-1),1,2 although the extent to which (or in which patients) this 
results from an underlying genetic or developmental predisposi-
tion and to what extent it results from the etiology of the disease 
process cannot yet be determined.

The aims of this chapter are to describe some of the neuro-
endocrine abnormalities that occur in women with IC and CPP 
and to suggest the possibility of underlying neuroendocrine 
abnormalities in some of these patients.

IC is a lower urinary tract syndrome of unknown cause and 
no generally accepted treatment.3 The symptoms of IC include 
variable combinations of pain referable to the urinary bladder, as 
well as increased frequency and urgency of urination. IC may 
affect more than 700,000 American women,4 and a signifi cant 
(potentially comparable) number of men diagnosed with sterile 
prostatitis or prostatodynia.5 The quality of life of IC patients is 
signifi cantly degraded; in one study, these patients scored much 
lower (P < .001) than healthy control subjects did in all eight 
domains of health assessed by the Medical Outcomes Study Short 
Form-36 Health Survey.3

Since 1993, my laboratory has investigated a common lower 
urinary tract disorder of domestic cats, feline interstitial cystitis 
(FIC), that represents a naturally occurring model of IC. We have 
found that cats with FIC meet all the criteria promulgated by the 
National Institutes of Health for diagnosis of IC that can be 
applied to animals, and we have shown that cats with FIC and 
humans with IC have comparable bladder, sensory afferent, 
central, sympathetic, and endocrine abnormalities, to the extent 
they have been investigated. Recent fi ndings in these cats3,6 are 
consistent with and extend the neuroendocrine abnormalities 
identifi ed in humans with IC.

The National Institutes of Health classifi es IC as a CPP syn-
drome, which has been defi ned as nonmenstrual pain of at least 
6 months’ duration that is severe enough to cause functional 
disability or necessitate medical or surgical treatment.7 As many 
as 39% of women of reproductive age seen by primary care physi-
cians report the presence of CPP “always,” “often,” or “some-

times.”8 Women with CPP use more medications, have more 
nongynecologic operations, and are fi ve times more likely to have 
a hysterectomy than are women without CPP. These patients also 
are more likely to have a history of abuse and to suffer from 
depression, impaired sexual functioning, and reduced overall 
quality of life.9

A recent comprehensive review7 listed some 70 disorders (15 
extrauterine and 8 uterine, 11 urologic, 8 gastrointestinal, 17 
musculoskeletal, and 11 “other”) that may be associated with 
CPP in women, including IC, irritable bowel syndrome, and 
fi bromyalgia. The comorbidity of some of these diseases was sug-
gested by the results of a recent mail questionnaire survey in 
England, which found that 24% of women aged 18 to 49 years 
reported CPP during the previous 3 months. Of these women, 
52% had CPP only, 24% had CPP and irritable bowel syndrome, 
9% had CPP and urinary frequency and urgency, and 15% had 
all three.10 These results suggest that patients with CPP have vari-
able combinations of organ involvement, raising the question of 
the extent to which a different etiology affects each organ indi-
vidually, or whether some common underlying etiology affects a 
variety of organs, which then respond in their own characteristic 
ways.

Two subtypes of IC currently are recognized based on cysto-
scopic evaluation of the bladder. In most patients (90%), only 
submucosal petechial hemorrhages (glomerulations) are observed 
(type I), whereas mucosal (“Hunner’s”) ulcers, with or without 
glomerulations, are identifi ed in a minority (type II). The two 
types also appear to differ in patient epidemiology, histologic 
fi ndings, and response to treatment, further suggesting that they 
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Figure 90-1 General plan of communication between the central 
nervous system and peripheral structures. CNS, central nervous 
system; SNS, sympathetic nervous system.
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may be distinct entities.11 One important difference between 
the two types is that many patients with type II IC report signifi -
cant symptomatic relief after supratrigonal cystectomy and 
cystoplasty, whereas the pain in patients with type I IC is not 
usually diminished by this procedure.12 This difference in patient 
response to removal of the bladder may provide an important 
clue to the underlying causes of pain associated with IC: 
the cause of the pain in patients with type II disease may be noci-
ceptive, whereas the pain of patients with type I IC may be 
neuropathic.

Nociceptive pain results from persistent activity of sensory 
afferent fi bers innervating the affected area and is relieved by 
removal of the stimulus. Examples of nociceptive pain include 
toothache, which is relieved by extraction, and osteoarthritis of 
the hip joint, which is relieved by hip replacement.13 In contrast, 
neuropathic pain arises from some abnormality related to the 
nervous system; although generally attributed to a body struc-
ture, it can remain after desensitization of nociceptive affer-
ents14,15 or even removal of the structure.16,17 Such results have 
been reported for endometriosis, where removal of identifi ed 
abnormalities does not always lead to resolution of the CPP.18

THE STRESS RESPONSE SYSTEM

The presence of neuropathic pain may be related to abnormali-
ties and imbalances of the neuroendocrine system, which is acti-
vated in response to threats to homeostasis. One commonality 
among some IC and CPP patients appears to be a relative pre-
dominance of activation of the sympathetic nervous system 
(SNS) limb of the stress response system (SRS), compared to the 
responses of the hypothalamic-pituitary-adrenal (HPA) and 
-gonadal (HPG) axes.19 A schematic diagram of some of the 
features this complex system20 is presented in Figure 90-2. Once 
the system is stimulated by central nervous system structures 
responding to sensory inputs (conscious or unconscious21) that 
are perceived as a threat to homeostasis, corticotropin-releasing 
factor (CRF) is released from the paraventricular nucleus of the 
hypothalamus. CRF acts as a neurotransmitter, to activate sym-
pathetic premotor neurons in the pontine locus coeruleus and 
brainstem nuclei, and as a hormone, to stimulate the anterior 
pituitary. In some patients, the SNS arm of the response appears 
to be uncoupled from the HPA and HPG axes in that SNS outfl ow 
increases in the absence of activation of the HPA axis and in the 
presence of reduced HPG function.

Sympathoneural Output

Even though the neuroendocrine features of the stress response 
have not been thoroughly studied in humans with IC and CPP, 
the available data support the presence of a comparable abnor-
mality in at least a subset of these patients. Although plasma 
catecholamine concentrations have yet to be reported patients 
with IC, the fi ndings of abnormal vasomotor tone,22 increased 
density of bladder neurons staining for tyrosine hydroxylase 
(the rate-limiting enzyme for catecholamine synthesis),23,24 
and increased urine norepinephrine excretion25 that have been 
reported suggest increased SNS activity.

Recent studies have begun to map the pathways that transduce 
activation of the SRS into cellular dysfunction via the SNS. Events 
external to the central nervous system, from both within and 
without the body, are transmitted to the brain by the sensory 

neurons. These signals are conveyed to the thalamus, where they 
are evaluated and usually forwarded to the cerebral cortex for 
further processing before activation of the appropriate motor 
program (see Fig. 90-2).26 Potentially threatening events, however, 
can activate the SRS directly via the thalamic activation of the 
amygdala, bypassing cortical inhibitory control.27

Activation of the SNS results in sympathoneural release of 
norepinephrine. A 2003 study28 traced this pathway from the 
external environment through to norepinephrine-mediated 
induction of the transcription factor nuclear factor kappa B (NF-
κB), which is thought to play a role in mediating the urothelial 
infl ammatory response of IC.29 In vitro stimulation of human 
promonocytic (THP-1) cells with physiologic amounts of 
norepinephrine for 10 minutes resulted in a dose- and time-
dependent induction of NF-κB and NF-κB-dependent gene 
expression; only norepinephrine induced this response, which 
was reduced by both α1- and β-adrenergic receptor antagonists. 
The authors concluded that norepinephrine-mediated activation 
of NF-κB represented a downstream effector of the neuroendo-
crine response to stressful psychosocial events, linking changes in 
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the environment to a bewildering array of cellular responses 
through activation of the SRS.30

Activation of the SRS also can increase epithelial permeability, 
permitting environmental agents greater access to sensory affer-
ent neurons,31 which could result in both increased sensory affer-
ent fi ring and local infl ammation. Sympathetic neural-epithelial 
interactions appear to play an important role in urothelial per-
meability. For example, Birder and colleagues showed that appli-
cation of β-adrenergic receptor agonists to urinary bladder strips 
induced release of nitric oxide (NO) from urinary bladder epi-
thelium, raising the possibility that norepinephrine from adren-
ergic nerves in the bladder (which may not be present in normal 
individuals)23,24 or circulating catecholamines could infl uence 
bladder function by acting on β-adrenergic receptors in the uro-
thelium to release NO and possibly other neurotransmitters, such 
as adenosine triphosphate (ATP).32 Application of capsaicin, the 
pungent principle in hot peppers, also resulted in release of NO 
from epithelium as well as nervous tissue in the urinary bladder.33 
In light of reports that NO may increase urothelial permeabil-
ity,34,35 these results suggest that some of the sympathetically 
mediated alterations in permeability may be mediated by norepi-
nephrine via this mechanism.

The increased permeability related to increased SNS activa-
tion does not require direct interaction with epithelial cells, nor 
is it restricted to the urinary bladder.36 Moreover, neural release 
of norepinephrine37 is but one of a variety of mechanisms whereby 
SRS-induced increases in efferent SNS output can activate local 
infl ammatory cells such as mast cells, which can in turn also 
increase epithelial permeability.36 Afferent sensory neurons, too, 
may increase epithelial permeability by releasing neurotransmit-
ters at the peripheral process of the nerve via sympathetic-sensory 
coupling, dorsal root refl exes, and axon refl exes.38 Recently, 
increased sensitivity to potassium chloride instillation, a test 
thought by some to indicate increased urothelial permeability, 
was reported in 244 female patients with CPP. Eighty-one percent 
of patients, with clinical diagnoses that included endometriosis, 
vulvodynia, and pelvic pain, showed a positive (painful) response 
to potassium instillation into the bladder.39 However, patient’s 
sensitivity to potassium instilled into other organs (vagina, 
uterus, colon, or peritoneum) was not assessed, so the specifi city 
of the response cannot be evaluated. This may be an important 
control procedure, because a number of studies have reported 
that abnormalities in one visceral organ may affect responses in 
another, a process called viscerovisceral convergence.40-42 In cats 
with FIC, we recently reported43,44 sensitization and abnormal 
properties of dorsal root ganglion cells of axons that provide 
innervation not only to the bladder but throughout the lumbo-
sacral (L4-S3) region, suggesting that generalized hypersensitivity 
may a mediating mechanism for viscerovisceral convergence in 
animals with naturally occurring as well as induced disease.

Moreover, one must recall that the presence of infl ammation, 
or altered permeability, is not well correlated with pain, as anyone 
who has had a superfi cial bruise knows from personal experience. 
In the bladder, we have reported the presence of submucosal 
petechial hemorrhages in cats with no signs referable to the lower 
urinary tract,45 and others have identifi ed petechial hemorrhages 
in healthy women,46 as well as urothelial disruption and increased 
presence of inducible nitric oxide synthase (iNOS), and presum-
ably increased permeability, in elderly men with bladder outlet 
obstruction.47

Moreover, emotional and environmental factors such as stress 
or depression can modulate the experience of pain through 

descending pathways from the midbrain.48 Therefore, even the 
recently reported increased fi ring rate of afferent nerves noted in 
cats with FIC49 could result in differences in perceived sensations 
arising from the bladder, depending on the effects of the emo-
tional state of the animal on descending inhibitory and facilitory 
balance.

Hypothalamic-Pituitary-Adrenal Axis

The HPA axis of the SRS acts at multiple levels to coordinate and 
modulate the body’s response to perceived threats. Glucocorti-
coids tend to antagonize the effects of the SNS, both centrally and 
peripherally,20 and they appear to play a complex role in epithelial 
permeability. Corticosterone has long been known to decrease 
capillary permeability to proteins in the brain,50 skin,51 and lung,52 
and cortisol has been shown to reduce in vitro permeability 
by enhancing tight junction integrity.53 The effects of stress on 
glucocorticoid-mediated alterations in permeability are more 
complex and may be dose dependent. For example, stress created 
by a brief forced swim increased the permeability of the blood-
brain barrier in adult FVB/N mice, whereas no evidence of a 
stress-potentiated effect was found when restraint, forced swim, 
or a combination of restraint and forced swim stressors were 
applied to Long-Evans or Wistar rats.54 Moreover, stress-induced 
increases in intestinal epithelial permeability disappeared after 
adrenalectomy or pharmacologic blockade of glucocorticoid 
receptors, and dexamethasone treatment of control animals 
increased gastrointestinal permeability and mimicked the effects 
of stress.55 Differences in tissues studied, rodent strain, type of 
stress, glucocorticoid studied, and the specifi cs of the experimen-
tal protocol all could infl uence interpretation of these discordant 
results.

The response to glucocorticoids also is likely to be hormetic 
(Fig. 90-3); that is, there is an inverse-U–shaped function wherein 
both defi ciencies and excesses may produce abnormalities, 
which sometimes are relatively similar, further complicating 
interpretation of the results.56 Glucocorticoids also tend to inhibit 
activation of NF-κB.57,58 This and other adrenocortical steroid-
related protective mechanisms, such as inhibition of the SRS 
and modulation of neuronal excitability,59-61 may be less effi cient 
in states of reduced function of cortisol and other steroids (see 
later discussion) such as IC and other stress-related bodily 
disorders.62
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Figure 90-3 Hormetic responses are those that move from 
inadequate function with defi cient doses of a substance, to 
satisfactory function at intermediate doses, to inadequate function 
again with excessive doses. This pattern is common to many 
nutrients and hormones.
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In a 2002 study of IC patients and healthy controls, 
Lutgendorf and colleagues63 reported that, although mean urinary 
or salivary cortisol did not differ between the groups, IC patients 
who had higher morning salivary cortisol concentrations had 
signifi cantly reduced pain and urgency, and those with higher 
urinary free cortisol concentrations reported less overall symp-
tomatology (P < .05). This relationship also was observed when 
comorbid conditions such as fi bromyalgia, chronic fatigue syn-
drome (CFS), and rheumatoid arthritis were controlled for. 
Patients with morning salivary cortisol concentrations less than 
12.5 nmol/L (0.45 μg/dL) were 12.8 times more likely to report 
high urinary urgency than those with values above this cutoff 
point. An increased ratio of adrenocorticotropic hormone 
(ACTH) to cortisol also was reported in women with IC by 
Lutgendorf and associates.64

Hypocortisolism has been reported in women with CPP, CFS 
and a variety of other disorders, often related to increased activity 
of the SRS.62 The causes of the decrease in cortisol have yet to be 
identifi ed in patients with IC but have been investigated in 
patients with CPP62,65 and CFS.66

Although diagnostic laparoscopy may be normal in some 
patients with CPP, psychological studies have identifi ed a high 
frequency of psychopathology and increased prevalence of 
chronic stress and traumatic life events, such as sexual and physi-
cal abuse, in women with CPP, suggesting a relationship between 
post-traumatic stress disorder (PTSD) and CPP. Heim and col-
leagues65 explored stress history, psychopathology, and HPA axis 
alterations in 16 female patients with CPP and 14 pain-free, 
infertile controls. An increased prevalence of abuse experiences 
and PTSD was identifi ed in women with CPP, as well as a higher 
total number of major life events, although symptoms of depres-
sion were within the normal range. Women with CPP also had 
normal to low diurnal salivary cortisol concentrations and normal 
plasma ACTH but reduced salivary cortisol response to a CRF 
stimulation test and enhanced suppression of salivary cortisol by 
dexamethasone. The authors concluded that a lack of protective 
properties of cortisol may be of relevance for the development of 
bodily disorders in chronically stressed or traumatized individu-
als, although other hormones were not measured. It is not 
necessary to show such extreme examples of abuse to fi nd corre-
lations between early adverse experience and disease, which 
also may result from environmental instability and parenting 
variables.67,68

In patients with CFS, Demitrack and associates66 concluded, 
after comprehensive study of the HPA axis, that the data were 
most compatible with a mild central adrenal insuffi ciency sec-
ondary to either a defi ciency of CRF (although this was not 
identifi ed) or some other central stimulus to the pituitary-adrenal 
axis. Scott and coauthors later reported that the adrenal glands 
of patients with CFS were some 50% smaller than those of control 
subjects based on computed tomography.69 Although they studied 
patients who had low cortisol responses to ACTH, these authors 
subsequently found comparable results in CFS patients with 
normal cortisol responses to ACTH.70 A more recent study did 
not fi nd any difference from normal in adrenal gland volume in 
another group of CFS patients,71 leaving the question of the role 
of adrenal volume in the observed abnormalities still open. Addi-
tionally, Kizildere and associates72 recently identifi ed a β-adren-
ergic receptor–mediated inhibition of CRF-stimulated adrenal 
steroid secretion in healthy humans. They found that administra-
tion of 10 mg propranolol (a nonspecifi c β-adrenergic receptor 
antagonist) 2 hours before administration of 100 μg human CRF 

decreased heart rate and diastolic blood pressure by 20%. Pro-
pranolol treatment also reduced plasma ACTH concentrations 
by about 40% and increased serum cortisol by approximately 
70%, which decreased the ACTH-to-cortisol ratio by twofold. 
These results suggest that increased sympathetic tone also 
may reduce adrenocortical responsiveness to ACTH. Moreover, 
ACTH release can be enhanced by α-adrenergic receptor activa-
tion, as well as by vasopressin, which also can modulate SRS 
activity.73

There is convincing evidence that the adrenal cortex is hypo-
active in some circumstances in a variety of chronic disorders 
other than IC and CPP, including asthma, chronic fatigue syn-
drome, fi bromyalgia, panic disorder, PTSD, and rheumatoid 
arthritis. Moreover, fl ares in disease activity in these disorders 
have been related to stress. Although hypocortisolism appears to 
be a frequent and widespread phenomenon, the nature of the 
underlying mechanisms and the homology of these mechanisms 
within and across clinical groups remain speculative. Potential 
mechanisms underlying the observed hypocortisolism include 
dysregulation of function at any level of the HPA axis, genetic 
vulnerability, previous stressful experiences, and individual 
coping and personality styles.62

In neuroendocrine investigations comparing healthy cats to 
cats with FIC in a basal state, we found higher plasma catechol-
amine concentrations in cats with FIC but could not identify a 
difference in response of ACTH and cortisol to CRF between 
affected and healthy cats.74 Based on some anomalous responses 
to a naturalistic stressor obtained during experiments with a CRF 
receptor antagonist in cats with FIC,75 we began to look more 
closely at adrenal function during activation of the SRS and 
found increased concentrations of CRF76,77 and ACTH75 in the 
absence of a comparable increase in plasma cortisol concentra-
tions, suggesting the presence of mild primary adrenal insuffi -
ciency or decreased adrenocortical reserve. We also found that 
adrenal gland size was signifi cantly smaller in cats with FIC than 
in healthy cats.78 Microscopic examination of the glands did not 
reveal any obvious hemorrhage, infl ammation, infection, fi bro-
sis, or necrosis as causes of the reduced size. The primary abnor-
mality identifi ed was a reduced size of the fasciculata and 
reticularis zones of the adrenal cortex. These results suggest that 
any adrenocortical abnormality might be unmasked more readily 
in response to a moderate, salient stressor and may not be iden-
tifi able in patients studied under basal circumstances, a conclu-
sion about these systems that has also been drawn by others 
studying human patients.79,80

The simplest explanation for the combination of increased 
CRF, ACTH, and SNS activity in the presence of reduced adre-
nocortical response and small adrenal fasciculata and reticularis 
zones without other apparent abnormalities seems to be the pres-
ence of an underlying genetic disorder or developmental anomaly 
(or some combination of the two). These relationships are 
depicted in Figure 90-4. When a woman is exposed to a suffi -
ciently harsh stressor during pregnancy, the hormonal products 
of the ensuing stress response may cross the placenta and affect 
the course of fetal development. Prenatal and postnatal stressors 
can result in persistently increased central CRF activity in 
animals.81 For example, in both continuous and last-trimester 
paradigms, prenatal dexamethasone (0.1 mg/kg) treatment 
increased CRF messenger RNA levels specifi cally in both the 
hypothalamus and central nucleus of the amygdala, key loci for 
the effects of the neuropeptide on the expression of fear and 
anxiety.82
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Matthews recently suggested that the biological “purpose” of 
transmitting this response to the fetus is to program the develop-
ment of the fetal SRS and associated behaviors toward enhanced 
vigilance to increase the probability of survival.83 The effects of 
stressors on the fetal HPA axis seem to depend on the timing and 
magnitude of exposure to products of the maternal stress response 
in relation to the developmental “programs” that determine the 
maturation of the various body systems during gestation and 
early postnatal development. If the fetus is exposed before initia-
tion of a developmental program, there may be no effect. With 
exposure during the critical period while the adrenocortical mat-
uration program is running, however, adrenal size in the devel-
oping fetus may be reduced, as shown by studies in Long-Evans 
rats,84 guinea pigs,85 blue fox,86 rhesus monkeys,87 and baboons.88 
If a suffi ciently severe stress response occurs after the critical 
period of adrenocortical development, including during post-
natal development, subsequent adrenocortical responses to stress 
and adrenal size may be increased.83

In either case, however, the biologic outcome might be similar. 
Raison and Miller56 recently concluded from a review of the 
pertinent literature that inadequate biologic activity of gluco-
corticoids can occur either as a result of decreased hormone 
bioavailability or from reduced hormone sensitivity due to 
agonist-mediated receptor desensitization. Regardless of the 
cause, decreased biologic activity of adrenocortical steroids may 
have a variety of adverse effects on bodily function, possibly 
related to their role in restraining activation of the immune 
system and other components of the stress response, including 
the SNS and CRF.

The lack of long-term benefi t of glucocorticoid therapy in 
most patients with IC89 (but see Hosseini and colleagues90 for 
results of a small, uncontrolled study of patients with type II IC 
given 5 mg/day oral prednisolone) suggests that the most appro-
priate dose has not yet been identifi ed, that inadequate produc-
tion of other steroids also might play a role in the pathophysiology 
of IC, and/or that SNS output needs to be attenuated. Most doses 
of glucocorticoid, although possibly appropriate for acute phases 

of the disease,91 may be excessive for chronic therapy. As shown 
in Table 90-1, the daily production of cortisol in humans is in 
the range of 8 to 25 mg, much lower than doses of glucocorticoid 
sometimes suggested. In a recent open trial, 10 mg/day hydro-
cortisone was administered orally for 1 month to three patients 
with PTSD in a double-blind, placebo-controlled, crossover 
design. A signifi cant treatment effect was observed in all patients, 
with cortisol-related reductions of at least 38% in one of the daily 
rated symptoms of traumatic memories, as assessed by self-
administered rating scales. Although very preliminary, these 
results suggest that physiologic glucocorticoid replacement may 
have a role in some patients with CPP, if only in those with con-
current PTSD.92

Available evidence also suggests that part of the stress 
response may include maintaining production of cortisol (Δ4 
pathway) at the expense of the 17,20-lyase (Δ5 pathway) products 
of the 17-α hydroxylase enzyme (Fig. 90-5) such as dehydroepi-
androsterone sulfate (DHEAS, the longer-lived metabolite of 
DHEA)72 if the stressor is severe or adrenocortical reserve is 
inadequate.93,94

DHEAS also is a neurosteroid, a term used to describe steroids 
that are synthesized in the central and peripheral neurons and in 
glial cells. The concept of neurosteroids was introduced by 
Baulieu in 198195 to describe a steroid hormone (DHEAS) he 
found at high levels in the brain long after gonadectomy and 
adrenalectomy. Androstenedione, pregnenolone, and a variety of 
other steroids were later also identifi ed as neurosteroids.96 These 
compounds can act as allosteric modulators of ion-gated neu-
rotransmitter receptors, such as γ-aminobutyric acid (GABA)-A 
and N-methyl-d-aspartate (NMDA) receptors, which are the 
primary inhibitory and excitatory receptors, respectively, in the 
nervous system. Neurosteroid concentrations vary according to 
environmental and behavioral circumstances, such as stress, sex 
recognition, and aggressiveness. In the peripheral nervous system, 
neurosteroids also may play a role in neuronal repair after injury. 
Abnormal neurosteroid function may underlie some functional 
disturbances of the nervous system.96-98

Genetic
predisposition

Prenatal maternal stress →
↑ CRF, SNS, and ↓adrenal

cortex size in fetus

Provocative environment -
disease, trauma, etc.

Birth

Sensitive
period

Interstitial

cystitis, CPP?,

other

disorders?

Figure 90-4 Potential trajectories to some cases of interstitial cystitis and chronic pelvic pain (CPP). Variable combinations of these factors 
could result in differences in disease severity among patients. CRF, corticotropin-releasing factor; SNS, sympathetic nervous system. (Adapted 
from Compagnone NA, Mellon SH: Neurosteroids: Biosynthesis and function of these novel neuromodulators. Front Neuroendocrinol 21:1, 
2000.)
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We recently measured serum free cortisol and DHEAS con-
centrations in patients with moderate to severe IC during fl are 
and remission. During fl are, the concentration of serum free 
cortisol was half, and that of DHEAS was 20%, of the concentra-
tion found in patients not in a fl are (Fig. 90-6). During their fl are, 
two patients were defi cient in serum free cortisol, and four 
patients were defi cient in DHEAS (adjusted for age).99 In addition 
to suggesting that neuroendocrine function may be altered in IC 
during fl are, the results of studies of cats with FIC, and of human 
patients with IC and other unexplained clinical conditions,100 
document that neuroendocrine abnormalities may not be 
identifi able by evaluation of basal neuroendocrine function 
and may be unmasked only by appropriate provocative testing 
paradigms.

Adrenocortical function also has been evaluated in patients 
with CFS by measuring the cortisol-to-DHEAS ratio,101 which 

was twofold to threefold higher in CFS patients than in controls. 
Kizildere and colleagues72 suggested that serum levels of DHEAS 
may be low in patients with infl ammatory and noninfl ammatory 
diseases due to an activated SNS. They concluded that sympa-
thetic hyperactivity may be a common denominator for low 
levels of DHEAS in both infl ammatory and noninfl ammatory 
diseases. These abnormalities also suggest that some patients may 
have decreased availability of adrenocortical sex steroids and 
neurosteroids (see Fig. 90-5),98 which could adversely affect 
normal neural function.102,103

Hypothalamic-Pituitary-Gonadal Axis

Patients with IC and CPP also may be at increased risk for inad-
equate biologic activity of the sex hormones, for a variety of 
reasons. Some patients in both groups have decreased circulating 

Table 90-1 Sources, Production Rates, and Plasma Concentrations of Selected Steroids in Women

Steroid Source Production (mg/day) Plasma Concentration Range (nmol/L) 

Cortisol142 AC zona fasciculata 8-25* AM: 1350-5518
PM: 690-2758

DHEAS143 AC ZR 3.5-20* (declines with age) 3,000-12,000
DHEA143 AC ZR 50%

Ovarian theca 20%
Circulating DHEAS 30%

6-8* (declines with age) 5.6-27.8

ASD143 AC ZR 50%
Ovarian stroma 50%

1.4-6.2 2-8

Testosterone143 AC ZR 25%
Ovarian stroma 25%
Circulating ASD 50%

0.1-0.4 (declines with age) 0.5-2.4

Allopregnanolone AC144

Ovary
Neural tissue

— Follicular phase: 0.8 ± 0.30 (mean ± SEM,
n = 81)145

Luteal phase: 3.7 ± 1.0 (mean ± SEM,
n = 108)145

*No change during menses.
AC, adrenal cortex; ASD, androstenedione; DHEA, dehydroepiandrosterone; DHEAS; dehydroepiandrosterone sulfate; SEM, standard error of the mean; 
ZR, zona reticularis.
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PREGS ↔
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↓
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DHEA DHEAS↔

↔ ↔ASD Testosterone 3α, 5α-diolDHT
↓
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↓

↓
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Δ5

ba
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Figure 90-5 The output of the adrenal cortex includes variable combinations of glucocorticoids, sex steroids, and neurosteroids. Other 
sources of sex steroids and neurosteroids include the gonads and neural tissue. Some examples in women are presented in Table 90-1. 
The cytochrome P450 c17 enzyme (a) performs the 17α-hydroxylase reaction equally well using PREG or PROG as substrate, but the 
17,20-lyase reaction (b) occurs 50 to 100 times more effi ciently using 17-OH-PREG as substrate, rather than 17-OH-PROG. Therefore, 
conversion of 17-OH-PROG to ASD is minimal, and DHEA is the principal precursor of sex steroid synthesis. 3α,5α-diol, 3α-androstanediol; 
ALLO, 3α,5α-tetrahydroprogesterone; ASD, androstenedione; DOC, 11-deoxycorticosterone; DHT, dihydrotestosterone; DHEA, 
dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; 17-OH-PREG, 17-hydroxy-pregnenolone; 17-OH-PROG, 17-hydroxy-
progesterone; PREG, pregnenolone; PREGS, pregnenolone sulfate; PROG, progesterone; THDOC, 3α,5α-tetrahydrodeoxycorticosterone. 
(Adapted from Compagnone NA, Mellon SH: Neurosteroids: Biosynthesis and function of these novel neuromodulators. Front 
Neuroendocrinol 21:1, 2000.)
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glucocorticoid concentrations, suggesting decreased adrenocorti-
cal availability of sex steroid precursors99,104; some have under-
gone oophorectomy and/or hysterectomy; and some may have 
inadequate pituitary function. Kalantaridou and associates105 
recently reviewed the complex effects of activation of the SRS 
system on the female reproductive system. Increased CRF and 
β-endorphin release as a consequence of chronic activation of the 
SRS can inhibit release of gonadotropin-releasing hormone 
(GnRH), thus decreasing sex hormone availability. Increased glu-
cocorticoid activity also can suppress function at all levels of the 
gonadal axis.105

Decreased estrogen activity has been recognized in some 
patients with CPP, as well as in patients with irritable bladder 
symptoms,106 and replacement therapy may be benefi cial. Andro-
gen activity also may be inadequate in some patients.107,108 
Reported causes of androgen defi ciency in women are presented 
in Table 90-2. Any of these causes may lead to variable combina-
tions of the defi ciency symptoms listed in Table 90-3.

Dessein and colleagues109 investigated the concentrations of 
adrenal androgen metabolites and their relationship with health 
status in women with fi bromyalgia, a syndrome that commonly 
occurs comorbidly with CPP and IC. Responses to the Fibromy-
algia Impact Questionnaire and fasting blood samples were 
obtained from 57 women with fi bromyalgia for measurement of 
DHEAS, free testosterone (T), cortisol, serotonin, and insulin-
like growth factor-1. Normal values for DHEAS and T were 
obtained from 114 controls. Individual results for all patients 
were reported and are plotted in Figure 90-7. The individual 
values were divided by the uppermost value from the reference 
range to allow the results to be plotted as quartiles of the refer-
ence range. DHEAS concentrations were decreased signifi cantly 
in both premenopausal and postmenopausal patients (P < .0001 
and P < .0005, respectively). T concentrations were decreased 
signifi cantly in premenopausal patients (P < .0001), and a trend 
could be identifi ed in postmenopausal patients (P = .06). After 

adjustment for age, the only signifi cant correlations between 
hormone concentrations and Fibromyalgia Impact Question-
naire scores were between DHEAS and pain (r = −0.29, P < .001), 
and between T and physical functioning (r = .34, P = .002). Body 
mass index correlated positively with pain (r = .38, P < .001) and 
inversely with DHEAS level (r = −0.33, P = .006).

Androgen insuffi ciency can occur even in regularly menstru-
ating women. Guay recently reported measurement of total and 
free serum testosterone levels in 12 premenopausal women with 
complaints of decreased libido.110 Eight of the women had low or 
immeasurable levels of both testosterones despite having regular 
menstrual periods. Concentrations of DHEAS and androstenedi-
one were in the low-normal to high-normal range. Treatment 
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Figure 90-6 Effects of fl are (F) and remission (R) of interstitial 
cystitis symptoms on serum free cortisol (SFC) and 
dehydroepiandrosterone sulfate (DHEAS). Parentheses (= no. of 
patients = no of dots in graph). (Adapted from Compagnone NA, 
Mellon SH: Neurosteroids: Biosynthesis and function of these novel 
neuromodulators. Front Neuroendocrinol 21:1, 2000.)

Table 90-2 Causes of Androgen Insuffi ciency 
in Women

Presentation Causes

Inadequate adrenal 
function

Decreased adrenal reserve, adrenal 
failure, surgery

Inadequate ovarian 
function

Oophorectomy, hysterectomy, 
premature menopause after 
radiation therapy or chemotherapy

Inadequate pituitary 
function

Chronic stress response, 
hypercortisolism

Iatrogenic Exogenous oral estrogen, 
antiandrogen therapy, chronic 
glucocorticoid treatment

Normal aging Low bioavailable free testosterone

Data from Cameron DR, Braunstein GD: Androgen replacement therapy 
in women. Fertil Steri 82: 273, 2004; and Rivera-Woll LM, Papalia M, 
Davis SR, et al: Androgen insuffi ciency in women: Diagnostic and thera-
peutic implications. Hum Reprod Update 10: 421, 2004.
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Figure 90-7 Fasting blood concentrations of selected hormones 
in women with fi bromyalgia syndrome. DHEA-S, 
dehydroepiandrosterone sulfate; IGF-1, insulin-like growth factor 1. 
(Adapted from Dessein PH, Shipton EA, Joffe BI, et al: 
Hyposecretion of adrenal androgens and the relation of serum 
adrenal steroids, serotonin and insulin-like growth factor-1 to 
clinical features in women with fi bromyalgia. Pain 83:313, 1999.)
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with oral DHEA, 50 to 100 mg per day, restored sexual desire in 
six of the eight women, gave partial improvement in one, and 
failed in one.

It is important to note that DHEA currently is marketed as a 
“dietary supplement,” which means that the U.S. Food and Drug 
Administration does not certify the amount or quality of DHEA 
in the many commercially available preparations. Thompson and 
Carlson recently reported that determination of the DHEA 
content of 54 such supplements using a liquid chromatographic 
method revealed variation from 0% to 109.5% of the declared 
amount, with an overall mean value of 91%.111 This variability 
suggests that circulating DHEA concentrations should be moni-

tored in patients taking these products to ensure that intake is 
not inadequate or excessive. The most frequently reported side 
effects of excessive DHEA intake are increased facial hair and 
acne.107

Additionally, conversion of DHEA or DHEAS to androgens 
and estrogens may not occur normally in some patients.112 Most 
of the androgens in women, especially after menopause, are syn-
thesized in peripheral tissues from adrenal DHEA and DHEAS 
by 17β-hydroxysteroid dehydrogenase enzymes in a process 
called intracrinology.113 Once synthesized, the sex steroids exert 
their action in the cells where they are synthesized without 
signifi cant diffusion into the circulation, thus seriously limiting 

Table 90-3 Symptoms of Androgen Defi ciency and Excess in Women

Hormone

Defi ciency Excess

Signs Symptoms Signs Symptoms

Estrogen Hot fl ashes
Dry vagina
Lowered libido
Painful intercourse
Irritable bladder symptoms
Fatigue
Headache/migraine
Night sweats
Vaginal infections
Urinary tract infections
Incontinence
Diffi culty falling asleep
Decreased concentration
Episodes of rapid heart rate
Decreased verbal skills
Irregular vaginal bleeding

Depression
Minor anxiety
Emotional instability
Feelings of despair
Crying easily

Breast pain
PMS
Irregular bleeding
Fluid retention
Headache
Breast adenoma
Gall bladder problems
Blood sugar problems
Sugar cravings
Fibroids
Hormonal cancers
Heavy menstruation
Bloating
Weight gain
Nausea
Endometriosis
Thyroid problems
Sleep disturbances

Nervousness
Irritability
Low libido
Mood swings

Progesterone Breast cysts/pain
Fluid retention
Reduced body temperature
Hair loss
Heavy periods
Menstrual cramps
Fibroids
Hypothyroidism
Bone loss
Irregular cycle/Infertility

Anxiety
Over-reacting
Easily alarmed
Easily stressed
Feelings of confusion
Mood swings
Irritability
Nervousness
Depression
PMS
Headaches/migraine
Endometriosis
Sleep disturbances

Testosterone Decreased pubic hair
Reduced lean body mass
Osteopenia or osteoporosis
Incontinence
Thinning skin
Genital thinning
Reduced muscle tone

Blunted motivation
Diminished well-being
Flat mood
Reduced libido

Acne/oily skin
Facial hair
Deepened voice
Ovarian cysts
Low blood sugar
Midcycle pain
Low HDL cholesterol
Thinning scalp hair
Increased breast cancer risk
Painful nipples

Agitation
Anger
Irritability

HDL, high-density lipoprotein; PMS, premenstrual syndrome.
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the ability to interpret serum sex steroid concentrations. They 
also are inactivated locally into more water-soluble compounds 
that diffuse into the general circulation, where they can be 
measured.113,114 Dysfunctions in human 17β-hydroxysteroid 
dehydrogenases result in disorders of biology of reproduction 
and neuronal diseases, and these enzymes also are involved in the 
pathogenesis of various cancers. Abnormalities of this complex 
peripheral system may underlie some of the discordant results 
found in studies of DHEA and DHEAS replacement therapy.

Recently, concern has been expressed that excessive biologic 
activity of estrogen and testosterone, both essential hormones, 
can increase the risk for breast cancer in women.115,116 On the 
other hand, patients with documented symptoms and laboratory 
evidence of hormone insuffi ciency have been shown to benefi t 
from appropriate physiologic replacement therapy.107,117 The 
occurrence of abnormalities with both inadequate and excessive 
biologic activity of hormones demonstrates the hormetic nature 
of the biologic response to steroid hormones (see Fig. 90-3).118 
The “dose-response” for hormones is similar to that for many 
essential nutrients, with defi ciency signs occurring with inade-
quate intake, a variable plateau of satisfactory intake, and symp-
toms of toxicity with excessive intake.119 The diagnosis of 
androgen insuffi ciency should be made only in adequately and 
satisfactorily estrogenized women, because estrogen therapy 
alone may be suffi cient to alleviate the symptoms in some 
patients.120 Adequately means replacement with physiologic doses 
that avoid potentially detrimental excesses. Satisfactorily means 
avoidance of oral preparations in this patient population, due to 
the effects on the liver of oral conjugated equine estrogens (or 
oral contraceptives). Oral forms of estrogens appear to stimulate 
hepatic production of both cortisol and sex hormone–binding 
globulin, reducing the availability of the free, biologically active 
forms of cortisol and testosterone. Oral conjugated equine estro-
gens also have been reported to increase high-density lipopro-
teins, triglycerides, and C-reactive protein, which may adversely 
affect cardiovascular health. Transdermal delivery of estradiol 
has not been associated with these potentially adverse changes.121 
The Princeton consensus statement122 proposed the algorithm 
presented in Figure 90-8 for initiating androgen therapy in 
women.

The age at onset of symptoms also supports the hypothesis 
that hormone defi ciency may play a role in IC. Prevalence was 
greatest in age categories 41 to 45 years and 71 to 75 years, with 
the highest prevalence (266 per 100,000) observed in those age 
41 to 45 years.123 Koziol also reported an average age at the time 
of onset of symptoms of IC of approximately 41 years, although 
almost 30% of patients were younger than 30 years of age at the 
time of onset.124 Further support comes from the observation that 
some patients with IC and CPP have signifi cant symptom 
improvements during pregnancy, a time when concentrations of 
many of the steroid hormones increase.125

Inadequate sex hormone biologic activity in women also may 
increase SNS activity. Stoney and coworkers126 tested the effects 
of elective hysterectomy and/or bilateral salpingo-oophorectomy 
on cardiovascular risk factors, blood pressure, lipids, weight, and 
physiologic responses to stress in 29 middle-aged premenopausal 
women. After surgery, the 10 women who had undergone oopho-
rectomy only had higher concentrations of stress-induced lipids 
and tended to have higher circulating concentrations of epineph-
rine and higher stress-induced systolic and diastolic blood pres-
sure than did the 19 women who had undergone hysterectomy 
including removal of their ovaries. In rats, Ting and colleagues127 

recently reported that ovariectomy resulted in a 59% elevation in 
vaginal nerve density. This change was attributable to increased 
densities of sympathetic (70%), cholinergic parasympathetic 
(93%), and nociceptive sensory nerves (84%); myelinated sensory 
innervation did not appear to be affected. Sustained administra-
tion of 17β-estradiol reduced innervation density to an extent 
comparable to that of estrus, suggesting that estrogen defi ciency 
had mediated the increments in innervation. These fi ndings indi-
cate that some aspects of vaginal dysfunction during menopause 
may be attributable to changes in innervation. Increased sympa-
thetic innervation may augment vasoconstriction and promote 
vaginal dryness, and nociceptive sensory afferent proliferation 
may contribute to symptoms of pain, burning, and itching asso-
ciated with menopause and some forms of CPP.

Documentation of widespread involvement of other organ 
systems124,128-132 also suggests a role for neuroendocrine involve-
ment in at least some patients with IC and CPP. In particular, 
the prominence of autonomic symptoms in some patients with 
type I IC provides further evidence for the presence of persis-
tently increased SNS activity in these patients. Even the some-
what unusual bladder histopathology found in patients with IC, 
vasodilatation, and vascular leakage in the absence of any signifi -
cant mononuclear infi ltrate could be the result of high local 
concentrations of norepinephrine.133,134

Signs and symptoms
consistent with FAI?

YES
Is there an alternative explanation for the

symptoms (e.g., major depression, chronic
fatigue syndrome in the pressence of normal

androgen status)?

NO
Is the patient in an optimal estrogen state?

YES
Is laboratory assessment consistent with

FAI? Measure 2 of 3: total T, free T, SHBG.
Values should be in the lowest quartile of

reference range.

YES
Is a specific treatable cause for FAI

present (e.g., oral estrogen, oral
contraceptive use)?

NO
Consider a trial of androgen replacement

therapy.

NO – end
evaluation

YES – manage
as appropriate

NO – initiate
estrogen
replacement

NO – consider
alternative treatment
or referral

YES – treat
specific cause

Figure 90-8 Algorithm proposed by the Princeton consensus 
statement for initiating androgen therapy in women. FAI, female 
androgen insuffi ciency; SHBG, sex hormone–binding globulin; T, 
testosterone. (Adapted from Bachmann G, Bancroft J, Braunstein G, 
et al: Female androgen insuffi ciency: The Princeton consensus 
statement on defi nition, classifi cation, and assessment. Fertil Steril 
77:660, 2002.)
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IC and CPP are so complex that is seems unlikely that all, or 
even most, cases will be explained by a single underlying etiology. 
Separation of type I from type II patients in data analyses appears 
to be an important distinction and may suggest different underly-
ing neuroendocrine abnormalities. Even if neuroendocrine 
imbalance explains only a subset of cases of IC, however, it could 
result in improved care for those patients. In the case of CPP, 
patients who have had their reproductive organs removed to treat 
the pain, without success, may be most likely to be affected.104

In susceptible individuals with IC or CPP, it may be prudent 
to assess adrenocortical function before elective surgical proce-
dures or after signifi cantly stressful experiences and to consider 
providing replacement therapy as indicated.135 Although adverse 
addisonian-like events have not been reported in these patients 
to the my knowledge, studies in other patient populations have 
suggested that inadequate adrenocortical function in stressed 
patients may predispose some individuals to development of 
PTSD.56,136

The direct and circumstantial evidence that neuroendocrine 
abnormalities may play an important role in the etiology, patho-
physiology, and therapy of IC and CPP in some patients is tan-
talizing and incomplete. There are so many genetic, environmental, 

and individual variables that fi nding a single “smoking gun” does 
not seem likely. To begin to tease apart the relative contributions 
of the SNS, HPA, HPG, and other systems may require measure-
ment of a “panel” of markers of neuroendocrine function in 
patients, much like a serum biochemical profi le. The most appro-
priate sample source (e.g., saliva,137 serum138), timing of collec-
tion (during fl are or remission periods), and assay methodology139 
for diagnosis and follow-up of neuroendocrine abnormalities 
remain unresolved questions, as do the amount, balance, and 
route of replacement therapy, when indicated. The sex and 
adrenal steroids arose hundreds of millions of years ago,140 and 
we are left to sort out the ensuing complexity. It may be that, by 
broadening our perspective, at least initially, to include addi-
tional systems, we may be better able to understand syndromes 
that at fi rst appear to be restricted to isolated organs but in some 
patients are revealed on closer inspection to be system wide.141
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Chapter 91

FOCAL NEUROMUSCULAR THERAPIES 
FOR CHRONIC PELVIC PAIN SYNDROMES 
IN WOMEN
Rodney U. Anderson

Women have been suffering from chronic pelvic pain (CPP) 
syndromes presumably since the age of primate evolution. Except 
for endometriosis, there is little in the way of objective biologic 
fi ndings to explain the pathophysiology of these complaints. In 
most instances, the diagnostic terms for disorders of pain in the 
pelvis relate to a specifi c organ with no identifi able mechanistic 
relationship. This chapter attempts to identify the common 
urologic/gynecologic disorders commonly considered CPP syn-
dromes, explores the evidence for neuromuscular disorder, and 
reviews most of the local and focused therapeutic approaches that 
may be benefi cial in the management of these conditions. I am 
specifi cally avoiding consideration of any pharmaceutical therapy. 
The objective is to suggest an integration of both physical and 
behavioral treatments to elicit relief from these life-altering con-
ditions while we await more elucidation about the biologic mech-
anisms involved.

BIOFEEDBACK THERAPY

Biofeedback therapy for pelvic disorders has primarily been used 
to manage pelvic fl oor disorders and urinary incontinence, but 

it has also become quite valuable for patients with pelvic pain 
disorders. Biofeedback and behavioral changes can play a role in 
effecting clinical improvement in urologic problems including 
pelvic pain (vulvar vestibulitis), irritative voiding symptoms, 
recurrent urinary tract infections, and urinary incontinence. Bio-
feedback for pelvic fl oor dysfunction involves the use of surface 
internal (vaginal and rectal) electrodes that transduce muscle 
potentials into visual and auditory signals; by this means, patients 
learn to be aware and control (increase or decrease) voluntary 
muscle activity. Physical exercises are then used to affect the 
pelvic fl oor muscles (Fig. 91-1).

In the late 1940s, Dr. Arnold Kegel, an obstetrician/gynecolo-
gist, invented the fi rst feedback device that was used for pelvic 
muscle rehabilitation to treat female urinary incontinence. The 
processes and procedures of biofeedback therapy have been 
described.1,2 A general overview for application to pain manage-
ment was summarized by Tan and colleagues.3

Two major subtypes of biofeedback therapy are currently in 
practice. The traditional form is known as peripheral or somatic 
feedback, which assists in teaching patients to be more physio-
logically aware of abnormal muscle tension and adjust accord-
ingly. Surface electromyography (EMG), heart rate and blood 
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pressure, skin temperature, and galvanic skin responses are used. 
Applications of peripheral biofeedback include neuromuscular 
re-education (for patients after stroke), musculoskeletal therapy, 
urinary4 and fecal incontinence, and pelvic pain including CPP 
syndromes in men,5,6 vulvodynia,7 and dysmenorrhea.8,9 A second 
subtype of biofeedback therapy uses electroencephalography 
(EEG) and is classifi ed as central biofeedback, neurofeedback, or 
neurotherapy. With the exception of migraine, most of the 
research with this therapy has been in areas other than pain, such 
as treatment of alcohol or additive disorders.

Glazer and coworkers reported their experience in two sepa-
rate open-ended, uncontrolled studies using EMG biofeedback 
of the pelvic fl oor musculature to treat patients with vulvar ves-
tibulitis syndrome, a subset of vulvodynia.7,10 The rationale for 
study was based on the knowledge that patients with vulvar ves-
tibulitis usually have hyperirritability of the pelvic fl oor muscles.7,11 
The hypothesis has been put forward that destabilization of pelvic 
fl oor muscles is a factor in perpetuating the vulvar skin distur-
bances and accompanying pain. Travell and Simons reported 
that muscle disturbances are refl ected in discord of EMG record-
ings.12 In the studies by Glazer and associates, patient diagnosis 
was confi rmed by physical examination, and the initial pelvic 
fl oor EMG assessments were performed with a surface EMG 
single-user vaginal sensor; monthly evaluations followed during 
clinic visits.7,10 A portable EMG biofeedback device and instruc-
tions for pelvic fl oor rehabilitation exercises were provided to 
each patient for twice-daily in-home practice. Patient demo-
graphics were similar in both studies; average duration of symp-
toms was 3.5 years (range, 2 to 6 years), and most had abstained 
from sexual intercourse for an average of 1 year.

In the fi rst Glazer study of 33 women, symptoms ranged from 
only introital dyspareunia to chronic, intense pain provocation.7 
After 16 weeks of practice, pelvic fl oor contraction increased by 
95%, resting tension levels decreased by 68%, and muscle insta-
bility at rest decreased by 62%. Based on subjective reporting at 
each evaluation, maximum pain decreased from the previous 
evaluation to a average of 83%. Many patients (22 [79%] of 28) 
resumed intercourse. Half of the women remained pain free at 
follow-up 6 months later. In the second study, 29 women with 
level 2 and 3 vulvar vestibulitis were enrolled.10 Level 2 includes 
women who have pain with intercourse that requires interrup-
tion or discontinuance of coitus, and level 3 includes those who 
have pain with intercourse that prevents any attempt at insertion 
or coitus.13 With biofeedback therapy, increased muscle stabiliza-
tion was associated with decreased pain; as pain decreased, 
patients were more likely to resume intercourse. After therapy, 
85% (24 of 29) had negligible or mild pain, and 69% resumed 
sexual activity.

Neuromuscular education of the pelvic fl oor muscles to ame-
liorate chronic pain has been supported by the studies in men 
with CPP syndromes. In a preliminary study of 19 patients using 
biweekly sessions of biofeedback and home exercises, signifi cant 
decreases (approximately 50%) in pain and urgency scores were 
reported by Clemens and colleagues.5 However, only about half 
of the patients completed the full course of therapy. In the study 
by Cornel and colleagues, biofeedback rehabilitation of 25 men 
with type III CPP involved verbal guidance and feedback through 
palpation of pelvic fl oor muscles and EMG measurements to 
teach correct muscle contraction and relaxation.6 Signifi cant 
improvements in the National Institutes of Health–Chronic 
Prostatitis Symptom Index (NIH-CPSI) total scores, with pain 
and micturition domains decreasing an average of 50%, were 

associated with a signifi cant 35% decrease in pelvic muscle tonus 
after treatment.

MYOFASCIAL TRIGGER POINT RELEASE THERAPY

Defi nition and Basic Science Investigation

A long list of disorders in women has been shown to involve the 
musculoskeletal system; these include the levator ani syndrome, 
vulvodynia, vulvar vestibulitis syndrome, dyspareunia, vaginis-
mus, coccygodynia, interstitial cystitis (IC) or painful bladder 
syndrome, pelvic fl oor tension myalgia, urge-frequency syn-
drome, urethral syndrome, infl ammatory bowel disease, procto-
dynia, proctalgia fugax, and pudendal nerve entrapment,7,14-18 
and, in men, nonbacterial prostatitis and CPP syndromes.19,20 
Often overlooked and misunderstood as a musculoskeletal source 
of pelvic pain are myofascial trigger points (MTrPs). More than 
50 years ago, Dr. Janet Travell introduced the phenomenon of 
referred pain and referred motor activity attributed to trigger 
points (TrPs) in skeletal muscles, which were later shown to be 
a causative factor in myofascial pain and dysfunction. Our under-
standing of MTrPs and their relation to myofascial pain syn-
dromes continues to evolve, as shown in Table 91-1.

Table 91-1 Progress of Discovery and 
Understanding of Chronic Pain Syndromes and 
Myofascial Trigger Points

■  1838 Recaimer—First describes syndrome of tension myalgia 
of pelvic fl oor in “Stretching massage and rhythmic 
percussion in the treatment of muscular contractions”

■  1937 Thiele—Describes tonic spasms of levator ani, 
coccygeus, and pyriformis muscles and their relationship to 
pain

■  1942 Travell et al—First describes myofascial trigger points 
as common cause of chronic muscle pain

■  1951 Dittrich—First recognizes pelvic pain occurring as a 
result of referral from trigger points in subfascial fat and 
perifascial tissue

■  1963 Thiele—Successful uses digital massage of spastic 
levator muscles subsequently described as “Thiele massage”

■  1977 Sinaki et al—Consolidates various syndromes of pelvic 
musculature under one terminology: tension myalgia of the 
pelvic fl oor; uses combined treatment with rectal diathermy, 
Thiele’s massage, and relaxation exercises

■  1983 Travell and Simons Publishes the fi rst edition of 
Myofascial Pain and Dysfunction: The Trigger Point 
Manual; identifi es external and internal muscles and areas of 
referred pain from myofascial trigger points

■  1984 Slocum—Treats trigger points related to the abdominal 
pelvic pain syndrome in women using locally injected 
anesthetic; indicates that emotional stress is frequently a 
potentiating factor, not a cause for chronic pelvic pain

■  1994 Hong—Develops rabbit animal model to identify 
myofascial trigger points; with colleagues, subsequently 
publishes 36 animal clinical and 12 basic science articles to 
advance understanding of myofascial trigger point

■  2004 Simons—Reviews the present understanding of 
myofascial trigger points as they relate to musculoskeletal 
dysfunction
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An MTrP is defi ned as a highly localized and hyperirritable 
spot in a palpable taut band or tender nodule of skeletal muscle 
fi bers.16,21 MTrPs can be located in one or more muscles, and 
common clinical characteristics exist.22-26 Muscles can become 
“knotted” and inelastic and unable to contract or relax. Stimu-
lated by digital palpation or needling, active MTrPs characteristi-
cally elicit local pain or a referred pain similar to that of the 
patient’s complaint of pain or aggravation of existing pain. A 
local twitch response is also a confi rmatory sign of an MTrP. 
Latent MTrPs are clinically asymptomatic and do not cause pain 
with compression. Both active and latent MTrPs are associated 
with muscle weakness on active contraction and reduced range 
of motion, and MTrPs can be perpetuated or aggravated by 
mechanical stress, metabolic, endocrine, and nutritional inade-
quacies, as well as psychological factors.21 Depression and chronic 
pain are often closely associated, and it should be appreciated 
that depression and anxiety are frequently consequent to unre-
solved symptoms.

Recent reviews present the current understanding of MTrPs 
and an historical summary of the development of these con-
cepts.27,28 An integrated hypothesis of the etiology of TrPs impli-
cating local myofascial tissue, the central nervous system, and 
mechanical factors is proposed in the 1999 edition of Travell and 
Simons’ Myofascial Pain and Dysfunction: The Trigger Point 
Manual.29 The hypothesis postulates that a central MTrP has 
multiple fi bers with end plates releasing excessive acetylcholine 
and shows histopathologic evidence of regional sarcomere short-
ening. The positive-feedback loop of events perpetuates these 
changes until the loop is interrupted. The putative steps were 
elegantly explained by Simons.28 Evidence contributing to the 
etiology of TrPs has evolved from two early studies. Mense and 
Simons reported that histologic examination of biopsied muscle 
tissue in the vicinity of TrPs reveals large, rounded, and darkly 
stained muscle fi bers, as well as increased muscle fi ber diame-
ters.30 At physical examination for MTrPs, these changes are 
manifested as taut bands and palpable nodules. An EMG study 
by Hubbard and Berkoff showed greater activity in MTrPs than 
in adjacent nontender muscle.31 EMG activity was signifi cantly 
higher in TrPs of patients with chronic tension headaches than 
in normal patients and could be reduced by injection of sympa-
thetic blockers such as phenoxybenzamine. In another study, 
McNutley and colleagues reported that EMG activity within an 
MTrP was signifi cantly increased in subjects involved in an 
experimental stress test, whereas contiguous nontender muscle 
showed no changes.32 This fi nding may have implications for the 
psychophysiology of stress contributing to pain and the associa-
tion with MTrPs.

Physical Examination and Mapping of Trigger Points

A distinguishing feature of MTrPs is their location within a taut 
band of muscle or fascia as identifi ed by palpation. They can be 
discovered with a careful external and internal pelvic examina-
tion. Compression of the MTrP results in a twitch response, a 
transient contraction from the band of fi bers, and referred 
sensory and motor responses (e.g., tenderness, pain) occurring 
distant to the TrP. Two objective methods have been used to 
document MTrPs. Algometry provides a quantitative measure-
ment of pressure thresholds to document the sensitivity of TrPs. 
Results from several studies have confi rmed that MTrPs are more 
sensitive than contralateral muscle areas without TrPs or sur-
rounding healthy tissue.33,34 A difference in pressure threshold 

exceeding 20 newtons per square centimeter (2 kg/cm2) between 
a TrP and a contralateral point is considered abnormal.33 A 
second method, thermography, employs a noninvasive imaging 
technique to detect infrared radiation from body surfaces and 
heat distribution.35 Comparative imaging of subjects with clinical 
TrPs and asymptomatic controls revealed discrete thermal 
responses in muscles with suspected TrPs. Sensory referral areas 
for TrPs in symptomatic subjects showed signifi cantly reduced 
temperatures from precompression levels during ischemic 
compression; no signifi cant temperature changes were noted in 
asymptomatic areas after compression. It was assumed that the 
colder area was caused by a reduction in blood fl ow due to a 
sympathetic autonomic change associated with the myofascial 
pain syndrome.

A review of the neuroanatomy of the pelvis, such as that as 
provided by Wesselmann and colleagues, assists in understand-
ing the pathophysiology of urogenital and rectal pain syndromes 
and their management.36 The involvement of MTrPs in CPP can 
thereby be taken in perspective. Travell and Simons published 
the fi rst manuals on TrPs and myofascial pain and dysfunction 
and provided specifi c details of the pelvic muscles to check inter-
nally.16,22 A subsequent edition of this manual was published in 
1998.12

All of the muscles of the pelvis, both internal and external, 
must be thoroughly evaluated and subsequently treated. Muscles 
known to contain TrPs referring pain to an area that the patient 
is complaining about should be examined with extra care.

Testing for MTrPs within the pelvis depends on the palpation 
skills of an experienced examiner, because no diagnostic standard 
has been established to identify intrapelvic MTrPs. The therapist 
must be trained in identifying TrPs and be able to feel for super-
fi cial and deep TrPs located in the belly and the attachments of 
the muscles. For the purpose of locating these MTrPs, the pelvic 
muscles can be grouped into three categories—perineal muscles, 
pelvic fl oor muscles, and pelvic wall muscles. Examination 
of intrapelvic muscles for MTrPs requires a vaginal or rectal 
approach, as appropriate for each muscle by establishing bony 
and ligamentous landmarks, and relating the direction of palpa-
tion to the direction of the muscle fi bers. This was explained in 
detail by Travell and Simons, as was the relationship between 
symptoms and the location of associated MTrPs.12 Other 
MTrP associations have been gleaned from the experience of 
many physical therapists. Table 91-2 summarizes the internal 
pelvic muscles and external muscles referring pain to pelvis from 
MTrPs.

Approaches for Inactivating Myofascial Trigger Points

A variety of manual massage techniques have been reported to 
inactivate MTrPs.29 Manual therapy may involve active and 
passive rhythmic muscle releases based on the principle that tight 
or poorly relaxed muscles can exhibit released tension after mod-
erate voluntary contraction. The active and passive release 
maneuvers take up the slack in the muscle by stretching it to the 
point of beginning resistance or discomfort. This is then followed 
by a patient-performed isometric contraction that is held in posi-
tion by the patient or therapist.

Direct transrectal massage was reported by Thiele for patients 
with coccygodynia with pain localized to the coccyx and the pres-
ence of spasms of the levator ani and coccygeus muscles.14 A 
modifi ed Thiele massage was used by Oyama and colleagues in 
21 women to treat IC and high-tone dysfunction of the pelvic 
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fl oor (e.g., dyspareunia, impaired bladder and bowl evacuation, 
pelvic pain exacerbated by physical activity or prolonged sitting).40 
Subjects underwent 5 weeks of twice-weekly Thiele intravaginal 
massage, with massages of the affected hypertonic pelvic muscles, 
10 to 15 times per session, from origin to insertion along the 
direction of muscle fi bers. Additional short ischemic compres-
sion of tender points was applied as needed. IC symptom scores 
and pelvic fl oor muscle tone showed signifi cant improvements, 
and pelvic tone remained improved at 4.5 months of follow-
up in three of the four treated pelvic muscles, excepting the 
coccygeus.

Weiss reported amelioration of symptoms in 42 patients with 
urgency-frequency syndrome with or without urethral pain (and 
in some patients with IC) using manual therapy of discrete 
MTrPs in the pelvic fl oor.18 Treatment continued one to two 
times weekly for 8 to 12 weeks until MTrPs and muscle tension 
decreased. A program of home therapy involving muscle stretches 
and strengthening, biofeedback, and Kegel exercises was also 
part of the treatment. In the 42 patients (39 women, 3 men) 
with urgency-frequency syndrome, 83% had moderate to 
marked improvements or complete resolution. Of the 10 patients 
with IC (6 women, 4 men), 70% had moderate to marked 
improvements.

Injection with local anesthetics, saline, or water has been used 
for inactivation of MTrPs. An important sign of precise needle 

placement in an MTrP is elicitation of a local twitch response. 
The resulting MTrP inactivation should result in immediate relief 
of pain and tightness.24 Specifi c targeted therapy with local anes-
thetic injections of TrPs in the abdominal wall has been used for 
treatment of CPP in women.41,42 Slocumb reported that approxi-
mately 50% of 122 women with pelvic pain had relief after treat-
ment that consisted of TrP blocks in all patients; additional 
surgeries were performed in 13 women.41 Most patients (89%) 
had abdominal wall TrPs; pain was relieved in 89% after anes-
thetic injection. Patients with only vaginal TrPs had a response 
rate of 85% after injections. TrP identifi cation with needling and 
therapy of active MTrPs with 0.5% procaine injections was 
reported to provide symptomatic relief in four female patients 
with pelvic pain, IC, and irritative voiding symptoms.37

Associated Stress and Psychological Factors

CPP in women is a perplexing problem. Frequently, a physical 
cause of pain cannot be established, and, consequently, it is dif-
fi cult to treat successfully. In the absence of a discrete physical 
cause, a psychopathologic causation has been considered.

Many reports have associated CPP with personality and mood 
disturbances, childhood events including sexual abuse, and dif-
fi culties in sexual relationships; evidence, however, is inconclu-
sive.43 Among the causes of CPP is tension myalgia of the pelvic 

Table 91-2 Internal and External Muscles and Referred Pain to Pelvis from Myofascial Trigger Points

Muscle Referred Pain Site Symptom

Pelvic fl oor muscles
Levator ani Sacrococcygeal region, perineal region Pain in perineum, vagina, anal sphincter; pain with 

sitting; aggravated by lying on back and by 
defecation

Bulbospongiosus Perineal region and adjacent urogenital 
structures

Pain in vagina, dyspareunia, perineal ache
Ischiocavernosus
Transverse perinei
Coccygeus Sacrococcygeal region Pain in coccyx, hip, or back; ischiococcygeus is likely 

cause of backache in late pregnancy and early labor
Sphincter ani Poorly localized aching in anal region Anal pain, painful bowel movement
Obturator internus Perineal region, outward toward hip, whole 

pelvic fl oor, posterior thigh, and 
hamstrings

Pain in vagina, vulva, urethra, coccyx, posterior thigh; 
pain and feeling of fullness in rectum

Muscles referring pain into pelvis
Piriformis Sacroiliac joint, hip girdle, hamstrings, pelvic 

fl oor, buttock, low back
Pain in rectum during defecation, dyspareunia; pain in 

referred areas worsens with palpation, standing, 
sitting, walking

Gluteus Hip girdle, buttock, sacrum, hamstrings Pain in low back, hip, inguinal area
Iliopsoas Groin, anterior thigh, low back Pain in groin, down anterior thigh, and in low back
Quadratus lumborum Sacroiliac joint and buttock, lower abdomen, 

groin
Pain in low back and with coughing, sneezing, and 

walking
Abdominals Entire abdomen up into ribs
Transverse Groin, inguinal ligament, detrusor, and 

urinary sphincter
Groin pain, bladder pain, urinary frequency or 

retention
Rectus Across thoracolumbar back, xiphoid process, 

sacroiliac joints, and low back
Somatovisceral response, nausea, vomiting, diarrhea, 

intestinal colic, dysmenorrhea
Pectineus Groin area, bladder, and pubis Pain in groin, bladder, urethra, and pubic area
Pyramidalis
Thoracolumbar Abdomen Visceral pain, sacral pain, pain in middle and lower 

back; pain can resemble renal colicParaspinals

Data from references 12, 37, 38, and 39.
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fl oor. Recent evidence indicates that TrPs associated with myo-
fascial problems are not the cause of CPP but a sign of somatiza-
tion of neurotic or psychosomatic problems in the pelvis.44-47 For 
example, Miller used stress management alone to effect symptom 
improvements in men with chronic prostatitis.48 Eighty-six 
percent (110 of 218) of the patients reported that they were 
better, much better, or cured. Miller focused on the person and 
not the prostate, reinforcing the relationship between managing 
stress in the patients’ lives and their symptoms.

One hypothesis for CPP is that acute and chronic stress 
induces neuroendocrine disturbances and consequent neuro-
infl ammatory stimulus-activating receptors and cytokines via 
neuropeptide release that give rise to CPP symptomatology. 
Stress triggers a cascade of pathophysiologic events that involve 
activation of two pathways: the hypothalamic-pituitary-adrenal 
(HPA) axis and the autonomic nervous system. Chronic activa-
tion of the physiologic stress response induces putative glucocor-
ticoid resistance and altered immunity, release of proinfl ammatory 
cytokines and prostaglandins that may contribute to pelvic 
tension myalgia, and, ultimately, cycling psychological distress. 
No systematic evaluation of the physiologic role of acute and 
chronic stress in pathogenesis of CPP in women has been under-
taken. Over the years, clinicians have anecdotally observed that 
stress exacerbates symptoms, as has been shown for prostatitis,48 
and chronic stress was shown to induce infl ammatory histologic 
changes in the prostate of a rat model.49 Certain inherent person-
ality traits (genetic and developmental factors) modulate reactiv-
ity to stress. Researchers at my institution have strong preliminary 
evidence from our male patients with CPP syndrome indicating 
that physiotherapeutic myofascial release and cognitive behav-
ioral therapy, proven methods to relieve stress, can provide both 
curative and partial relief of pain in some patients with CPP 
syndrome.50,51

Physical and Mental Exercises Complementary to 
Management of Chronic Pelvic Pain

Emerging evidence suggests the infl uence of psychosocial factors 
on physiologic function and health outcomes. Mind-body thera-
peutic interventions, including yoga (a body-based therapy), cog-
nitive behavioral therapy, relaxation therapy, meditation, and 
imagery, have shown effi cacy in several common conditions. A 
recent systematic analysis showed that mind-body therapy can 
serve as an effective adjunct to conventional medical therapies 
for chronic low back pain, headaches, incontinence, and cardiac 
rehabilitation.52 Hatha yoga has been proposed as a complimen-
tary therapy for chronic urologic conditions involving pelvic 
fl oor dysfunction, to provide improved pain control and stress 
reduction. Specifi c yoga postures can contribute to the strength-
ening and relaxation of muscles that are associated with 
urologic symptoms resulting from hypotonicity (stress urinary 
incontinence) and hypertonicity (vulvodynia, IC) of pelvic fl oor 
muscles.53

In 1929, Edmund Jacobson published his method of “progres-
sive relaxation,” which has been used in various forms in Western 
medicine ever since.54 He provided instructions to contract and 
relax muscles at the beginning of relaxation and, with Bell Tele-
phone Laboratories, codeveloped the electromyograph to objec-
tively verify the physiologic effects of tension and relaxation. He 
introduced the concept that relaxation of the gastrointestinal 
tract and arousal of the autonomic system, thought to be out of 
one’s control, could be voluntarily reduced. A modifi cation of 

progressive relaxation, the practice of “paradoxical relaxation” 
according to David Wise,39 has been used successfully in conjunc-
tion with MTrP release therapy to produce symptomatic relief in 
men with CPP syndrome.51

Operant behavioral and cognitive-behavioral approaches to 
chronic pain were introduced in the 1960s and 1980s, respec-
tively, and often serve as a component of multidisciplinary treat-
ment dealing with anatomic and physiologic factors.55 Aspects of 
these treatments include relaxation training, cognitive restruc-
turing, interventions to change perception and emotional 
responses to pain, habit reversal, and maintenance and relapse 
prevention. These approaches are complementary for manage-
ment of the psychosocial infl uences on a patient’s response to 
pain. Because pain is not entirely a response to nociception, 
therapies such as these attempt to infl uence the behavior of a 
patient in chronic pain.

Clinical Experience with Combined Myofascial 
Trigger Point Release Therapy and Paradoxical 
Relaxation Therapy

A recent study at Stanford University has integrated physiother-
apy with myofascial trigger point release therapy (MFRT) to 
relieve pelvic fl oor myalgia and paradoxical relaxation therapy to 
achieve autonomic and pelvic fl oor self regulation.51 This study, 
although conducted in men with refractory CPP syndrome is 
nevertheless germane to both genders; it used multimodal therapy 
based on the potential etiology of pelvic pain as a manifestation 
of a neurobehavioral disorder.7,19,20,56 A team approach to therapy 
included a urologist, a physical therapist experienced in pelvic 
pain treatment, and a psychologist.

The physiotherapist applied treatment to the patient in the 
lateral position. Individual muscle groups were palpated, and 
myofascial TrPs were identifi ed. Positive myofascial TrPs induced 
pain on palpation that tends to reproduce symptoms at the site 
or referred to a nearby anatomic location. Pressure was held to 
each TrP for about 60 seconds to release.39 Additional physio-
therapy techniques also used in conjunction with MFRT sessions 
included voluntary contraction and release, hold and relax, con-
tract and relax, and reciprocal inhibition as well as deep tissue 
mobilization including stripping, strumming, skin rolling, and 
effl eurage. MFRT physiotherapy was given weekly for 4 weeks, 
then biweekly for 8 weeks.

Paradoxical relaxation therapy conducted by the psychologist 
coincided with physiotherapy. Patients received 1 hour of indi-
vidual verbal instructions and a supervised practice session 
weekly for 8 weeks in progressive relaxation exercises. Training 
included the respiratory sinus arrhythmia breathing technique to 
quiet anxiety and relaxation training to have the patient focus 
attention on the effortless acceptance of tension in specifi c areas 
of the body. The therapy is called “paradoxical” because patients 
are directed to accepting their pelvic tension as a way of relax-
ing/releasing it.39 Daily home practice relaxation sessions of 1 
hour were recommended for a minimum of 6 months using a 
series of audiotaped lessons. Symptoms were assessed with a 
Pelvic Pain Symptom Survey and the National Institutes of 
Health-Chronic Prostatitis Symptom Index (NIH-CPSI). 
Patient-reported perceptions of overall effects of therapy 
were documented on a Global Response Assessment (GRA) 
questionnaire.

A total of 138 men with refractory chronic pain or CPP syn-
drome (CP/CPPS) and median disease duration of 31 months 
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were treated; their average age 40.5 years. Symptoms were rated 
as markedly improved or moderately improved by 72% of 
patients on the GRA questionnaire at the conclusion of therapy. 
This was associated with commensurate clinically signifi cant 
decreases in NIH-CPSI total scores of 10.5 (46%) and 6.5 (24%), 
respectively. The number of treatments was variable; some 
patients had rapid responses occurring as early as after 1 week of 
treatment and either further improved or remained the same. 
After a median of fi ve MFRT treatments, clinical improvements 
(≥25% decrease in symptom scores) were fi rst observed. A few 
patients had intermittent therapy, based on need, throughout 
recurring episodes of pelvic pain. The combined MFRT and para-
doxical relaxation therapy provided an effective approach for 
these chronic pain patients, resulting in pain and urinary 
symptom relief at least comparable to or better than that achieved 
with traditional pharmacologic therapy.

The aspects of this treatment approach are amenable to the 
various expressions of pelvic pain in women. Each patient is 
unique in her objective and subjective clinical presentation. Thus, 
release of specifi c MTrPs that tend to recreate a patient’s symp-
toms and behavior modifi cation to relax the pelvic muscles and 
modify the habit of focusing tension in the pelvis under stress 
could help to ameliorate pain. The patient can also become an 
active participant, partnering with her therapists in the healing 
process.

ELECTRICAL STIMULATION FOR 
NEUROMODULATION

Electrical stimulation has been entertained as a modality for 
treating pain since the distant past, when a man stepped on an 
eel at the beach and experienced an electrical shock that relieved 
his gout pain. Multiple attempts to introduce electrical energy 
have arisen, from Chinese acupuncture, through surface applica-
tion using transcutaneous electrical nerve stimulation (TENS), to 
implantation of electrodes for continuous electrical stimulation 
of peripheral and spinal nerve roots and electrodes applied on 
the surface of the spinal cord itself.

The gate control theory of controlling pain assumes that affer-
ent nerve fi bers may be infl uenced by continuous high-frequency 
electrical stimulation and thereby modulate the transmission of 
pain impulses. TENS has been used most successfully and was 
introduced for bladder urgency and urinary frequency as well as 
stress urinary incontinence. One disadvantage of this method 
may be the lack of specifi city of the nerve branch or bundle of 
the affl icted nerve. Direct stimulation of the S3 nerve as it exits 
the sacrum has recently received approval from the U.S. Food 
and Drug Administration for management of frequency, urgency, 
and urge urinary incontinence refractory to medical therapy. 
Because pelvic pain, particularly that arising from IC, may 
represent a neuroinfl ammatory pathogenic condition, elec-
trical modulation promises to exert favorable outcomes in pain 
management.

The application of intravaginal electrical stimulation to treat-
ment of CPP in women with levator ani syndrome was evaluated 
in a retrospective study of 66 patients.57 After digital vaginal pal-
pation of the levator ani muscles for tenderness, a probe was 
placed in the patient’s vagina and pulsed electrical stimulation 
was given to muscles at variable settings (up to 50 mA for up to 
20 minutes per session) for one to seven sessions. Pain symptoms 
were reported as improved in 34 (52%) of 66 patients; benefi t 

was sustained for more than 6 months after the last treatment. 
Electrical stimulation for management of vulvar vestibulitis 
including dyspareunia and vaginismus has been shown to be 
effective.58 A group of 29 women participated in a 10-week 
therapy program of stimulation (20 minutes once weekly) at the 
vestibular area and vagina introitus. Contractile ability and 
resting ability of the pelvic fl oor muscles signifi cantly improved; 
pain was signifi cantly reduced, and half of the women with vagi-
nismus resumed coital activity.

The therapeutic effects of high-frequency electrostimulation 
were also assessed in men with noninfl ammatory CPP syndromes 
using a urethroanal stimulation device.59 This approach was 
based on the supposition that chronic prostate pain may repre-
sent a chronic visceral pain,36 and the authors’ speculation that 
electrical stimulation might block afferent nerves supplying the 
pelvic fl oor and pelvic organs, thereby providing pain relief. This 
premise was supported by another study showing that sacral 
nerve stimulation can provide a dramatic and durable improve-
ment in pain symptoms and urgency-frequency.60 The neuronal 
mechanisms associated with bladder inhibition during intravagi-
nal electrical stimulation have been documented experimentally 
in the cat.61

Sacral neuromodulation is an approved treatment for man-
agement of refractory detrusor instability and nonobstructive 
voiding dysfunction; it has also been shown to be effective for 
amelioration of pelvic pain.62-64 An early study with TENS indi-
cated the possibility for treatment of the chronic painful bladder 
syndrome, IC.65 Favorable responses to a percutaneous trial stim-
ulation of the S3 sacral roots for as few as 5 days or up to 10 days 
have been shown for IC patients.66,67 Signifi cant improvements 
occurred in urinary dysfunction, pelvic pain, and quality of life 
parameters. The test neuromodulation normalized urinary levels 
of heparin-binding epidermal growth factor and antiproliferative 
factor activity—factors known to be altered in patients with IC.66 
The temporary nature of the percutaneous stimulation evalua-
tion permits assessment of the potential effi cacy and desirability 
of permanent sacral neurostimulation.

Neuromodulation is the physiologic process by which the 
activity in a neural pathway alters preexisting activity in another 
pathway. It is theorized that sacral neurostimulation causes affer-
ent inhibition of sensory processing in the spinal cord. The S2-S4 
nerve roots provide the primary anatomic and somatic innerva-
tions to the pelvic fl oor, bladder, and urethra. Comiter indicated 
that the mechanism associated with the effectiveness of sacral 
nerve stimulation for IC involves both afferent (pelvic pain and 
sensory urgency) and efferent (motor frequency and urgency) 
modulation.68

Comiter evaluated the effi cacy of sacral nerve stimulation 
for treatment of refractory IC in 25 patients.68 After a trial of 
nerve stimulation, 17 patients demonstrating at least 50% 
improvement in pain and urinary dysfunction qualifi ed for 
permanent nerve stimulator implantation. Improvements 
were sustained in 16 of 17 patients for an average of 14 months’ 
follow-up after permanent implantation. In a retrospective 
study, the effi cacy of long-term sacral neuromodulation was 
evaluated in 21 patients with refractory IC by Peters and 
Konstandt.69 Eighteen patients had used chronic narcotics for 
pain. After an average follow-up of 15 months after surgery 
for implantation of a permanent nerve stimulator, 20 patients 
reported marked improvements in pain, with a signifi cant 
decrease (36%) in narcotic requirements; all narcotics were 
stopped in 4 of 18 patients.
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Siegel and colleagues used sacral nerve stimulation to treat 
intractable pelvic pain in 10 patients (9 women, 1 man) without 
a primary complaint of voiding dysfunction.70 After successful 
percutaneous trial nerve stimulation, a neuroprosthetic sacral 
nerve stimulator device was surgically implanted, with leads 
placed in the S3 or S4 foramen. Follow-up was after a median of 
19 months. Nine of 10 patients had decreased severity and fre-
quency of pelvic pain; 6 had signifi cant improvements in pain 
symptoms. No serious device complications were reported.

Spinal cord stimulation (SCS) has been used since 1967 for 
the treatment of chronic lower back or lower extremity pain of 
diverse causes that is refractory to numerous conventional thera-
pies. The work of Shealy and colleagues led to the development 
of this pain therapy, which was then used exclusively for failed 
back syndrome.71 As the clinical applications of SCS expanded in 
the following years, the outcomes were poor due to a lack of 
understanding of the appropriate clinical indications, SCS equip-
ment technical failures, and the need for a trial stimulation period 
to identify patients who might achieve a long-term benefi t. Based 
on increased knowledge, SCS outcomes throughout the last 2 
decades were found to provide reasonable (>45% to 60%) long-
term pain relief.72-75 There is a better understanding of the psy-
chological factors that are predictive of SCS outcomes.74 
Avoidance of implants in patients with severe untreated depres-
sion, untreated drug abuse, or borderline personality disorder 
has led to improved outcomes.76 A recent review presents the 
current and future trends of SCS.77

Technologic advances, which have widened the scope of appli-
cations for SCS, include multichannel leads, dual-lead confi gura-
tions, multichannel devices, totally implantable generators, and 
new procedures for programming stimulators. The primary indi-
cation for treatment with SCS is neuropathic pain that has failed 
to be relieved by other conservative approaches. With the discov-
ery of the dual-lead technology, the clinical applications have 
expanded. Acceptable relief was attained in 70% of patients with 
chronic axial low back and extremity pain.78 Several patients with 
intractable pain of the pelvis and rectum have been treated with 
the dual leads.79 SCS is a relatively simple and reversible treat-
ment using greatly improved and clinically reliable equipment. It 
may serve as an option for patients with moderate to severe pain 
of the trunk or extremities when other pain relief methods have 
failed or are unacceptable. Studies of SCS for amelioration of 
CPP warrant further investigation.

BOTULINUM A TOXIN

Botulinum A toxin (BTX-A) is a neurotoxin derived from Clos-
tridium botulinum that binds irreversibly to cholinergic, presyn-
aptic membranes of the neuromuscular junction. When a minute 
amount is injected into a muscle, it prevents release of acetylcho-
line, thereby blocking neurotransmission and temporarily para-
lyzing affected muscles. It can provide symptomatic relief for up 
to 3 months. In the United States, BTX-A is approved for treat-
ment of blepharospasm, strabismus, hemifascial spasm, and cer-
vical dystonia in adults. In Europe, labeled indications are for 
cervical dysplasia and cerebral palsy. BTX-A has received much 
notoriety for its cosmetic use for facial wrinkles and in pain 
therapy to treat myofascial pain, low back pain, and headaches 
including migraine.

BTX-A has been used clinically for more than 2 decades: there 
is continued accumulation of evidence for its application for a 

variety of urologic conditions.80 Experience with BTX-A in 
neurourology began in the early 1990s with treatment of neuro-
genic-sphincter dyssynergia after spinal cord injury, neurogenic 
and non-neurogenic detrusor hyperactivity, and other dysfunc-
tional voiding disorders.81 BTX-A injections have been used to 
treat voiding symptoms related to CPP syndromes in men.82

It has been hypothesized that interruption of the junction of 
somatic nerves with striated muscles may affect the central pain 
cycle. Zermann and coworkers used transurethral perisphinchteric 
injections of BTX-A in 11 patients with chronic prostatic pain.83 
Injections resulted in pelvic fl oor muscle weakening and relief of 
pelvic pain and urethral hypersensitivity.

A pilot study explored the use of BTX-A in the treatment of 
CPP associated with spasm of the levator ani muscles.84 The 12 
women had a minimum 2-year history of pelvic pain and pelvic 
fl oor hypertonicity. BTX-A at one of three dilutions (10, 20, or 
100 IU/mL) in groups of four patients was injected bilaterally 
into the puborectalis and pubococcygeus muscles under con-
scious sedation. Visual analogue pain scale scores were signifi cantly 
improved for dyspareunia and dysmenorrhea at the 12-week 
follow-up. Pelvic fl oor muscle manometry had a 37% maximal 
reduction at week 4 and a statistically signifi cant 25% reduction 
at week 12. Marked improvement in sexual activity was associ-
ated with signifi cant reductions in discomfort and improved 
habit. No differences in response were noted with different dilu-
tions of BTX-A; no medically adverse reactions occurred.

A multicenter case series of 13 patients with recalcitrant IC 
was described using intravesical BTX-A.85 This study was based 
on evidence from a rat somatic pain model suggesting that BTX-
A may have an antinociceptive effect on both acute and chronic 
pain.86 Patients were injected submucosally with 10 RA to 20 RA 
IU/mL of BTX-A through a cystoscope into 20 to 30 sites to target 
dense sensory innervations in the trigone and bladder fl oor. Pain, 
daytime frequency, and nocturia measured by visual analogue 
scale scores decreased signifi cantly (P < .01) by 79%, 44%, 
and 45%, respectively. First desire to void and maximal cysto-
metric capacity also increased by more than 50% (P < .01). 
These observations, although preliminary, suggest the potential 
application of BTX-A for symptomatic and functional improve-
ments in IC.

BTX-A for treatment of urologic conditions has had a good 
safety profi le with relatively few signifi cant side effects. Leippold 
and colleagues have expressed their perspective on BTX-A as 
follows: “One cannot deny human ingenuity in transforming the 
lethal poison into a modern day therapeutic medicine.”87 Possible 
systemic side effects of BTX-A injection, although unusual, 
include nausea, vomiting, dysphagia, dry mouth, diplopia, and 
blurred vision, which may be due to unintentional distribution 
of the toxin. The incidence of systemic side effects treated in a 
variety of urologic conditions was reviewed by Maan and col-
leagues.80 A limited number of papers have reported on localized 
side effects associated with toxin diffusion and possible overdos-
ing of the targeted tissue, including temporary stress inconti-
nence in female patients treated for chronic retention, or urinary 
retention, or severe generalized muscle weakness (as reviewed by 
Leippold and colleagues87). Contraindications for BTX-A injec-
tions are pregnancy, breastfeeding, myasthenia gravis, muscular 
dystrophy, use of aminoglycosides or any drugs that interfere 
with neuromuscular transmission, and hemophilia or hereditary 
clotting factor defi ciencies.

Further research on BTX-A for treatment of CPP is warranted. 
Additional, larger studies are needed to explore the biologic and 
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clinical effects of BTX-A including a placebo-control arm. Because 
the effects of the drug are temporary and most patients require 
repeat treatments, evaluation of the safety, benefi ts, and cost of 
repeated injections of the toxin are needed. In some cases, BTX-A 
given at high doses (>100 IU) for neurologic conditions has been 
shown to induce the development of antibodies (occurring in 
<5% of patients), making further treatment ineffective.88 Seven 
serologically different types of BTX exist, each with distinct prop-
erties and actions. A new product containing botulinum B toxin 
has been effective in treating pain and other symptoms of cervical 
dystonia in patients who developed antibodies and stopped 
responding to BTX-A.

MANAGEMENT OF PUDENDAL NERVE 
ENTRAPMENT SYNDROME

Compression entrapment of pudendal nerves in the pelvis may 
be the cause of urogenital and anorectal pain syndromes.89-93 
Robert and colleagues conducted anatomic and clinical studies 
and elucidated three possible entrapment sites along the puden-
dal nerve: between the sacrotuberous and sacrospinous liga-
ments, in the pudendal canal of Alcock, and during the straddling 
of the falciform process of the sacrotuberous ligament by the 
pudendal nerve and its branches.92 Female patients may complain 
of perineal, anal, and/or vaginal pain while sitting, which is 
diminished when standing, when in the recumbent position, or 
when sitting on a toilet seat. It is the positional nature of the pain 
and its relief when standing that are the most important diagnos-
tic clues. Pain is not related to urination or defecation, although 
chronic constipation and straining with bowel movement may 
contribute to the condition.93 Pudendal neuropathies secondary 
to pressure effects on the perineum have been reported in com-
petitive bicyclists due to seat positions.94 Because pudendal nerve 
entrapment causes symptoms similar to other pain syndromes, 
including coccygodynia, levator ani syndrome, urethral syn-
drome, and idiopathic proctalgia, misdiagnosis is possible.95 
Cases of idiopathic vulvodynia have been subsequently attributed 
to pudendal neuralgia.96-98

Physical examination of patients with symptoms of pudendal 
nerve entrapment typically reveals little about the cause. Repro-
duction of pain can be generated by digital rectal or vaginal 
examination along the course of the pudendal nerve deep within 
the pelvis. Robert and colleagues stated that the “richness of the 
subjective manifestation contrasts with the poverty of the clinical 
examination and the normality of the radiologic examina-
tion.”99 Electrophysiologic tests may be performed to measure 
the distal latency time of the pudendal nerve (upper limit of 
normal, 2.5 msec). This procedure has been described using a St. 
Mark’s Hospital pudendal electrode that incorporates stimulat-
ing and recording electrodes on an adhesive sheet that fi ts on a 
gloved index fi nger for intrarectal placement.95

Pudendal nerve block with local anesthetics, alone or with 
corticosteroids, has been used for diagnosis and treatment of 
various perineal pain syndromes and may yield temporary pain 
relief. Computed tomography (CT) has been described as the 
best technique for good appreciation of the anatomy and precise 
location of anatomic points to guide blocking of pudendal nerves 
at potential entrapment sites.100-103 In other instances, use of an 
insulated electrode to localize the pudendal nerve with electrical 
stimulation allows local infi ltration of long-acting bupivacaine 

with or without corticosteroid. In some reports, the pain relief 
continued for 1 year after the last anesthetic block in more than 
60% of patients.92,102 McDonald and Spigos treated 26 women 
with severe pelvic pain with CT-guided nerve blocks once 
monthly for 5 months.104 Improvement was reported by 73% 
(19/26), and 16 women (62%) had substantial pain reduction 
based on pain scale scores. The favorable results were attributed 
to correct placement of the local anesthetic. No response dura-
tion was reported.

Patients with pudendal neuralgia caused by involvement of 
the pudendal nerve may be appropriate candidates for surgical 
decompression after confi rmation of the diagnosis by electro-
physiologic tests and diagnosis and temporary pain relief with 
nerve block injections. Robert and coworkers reported their 
experience with more than 200 procedures for neurolysis and 
transposition over the sciatic spine of one or both pudendal 
nerves.92,99,102 The success rate was 67% (45% complete pain 
relief and 22% signifi cant improvement). In another series by 
Amarenco and colleagues, in 170 cases of perineal neuralgia 
treated with pudendal nerve block, 57% of patients had pain 
relief, but only 15% had sustained relief after 1 year.91 Subsequent 
surgical decompression in 27 patients yielded a good to excellent 
result in 17 (62%). Shafi k reported the disappearance of vulvar 
pain in 9 (82%) of 11 women after pudendal canal fasciotomy to 
release the pudendal nerve in the ischiorectal fossa.98 An algo-
rithm for treating pudendal neuralgia has been developed 
from 212 cases, approximately half of which involved surgical 
decompression after negative responses to nerve block; 86% of 
the patients were free of pain or had a signifi cant pain reduction 
after 1 year of follow-up.105

Predictive factors related to the postoperative success of 
patients with pudendal nerve entrapment include duration and 
clinical characteristic of pain and signs of pudendal neurogenic 
lesions with electrophysiologic testing. From a series of patients 
reported by Robert and coworkers, factors associated with 
improved success included shorter duration of pain before surgi-
cal treatment, age younger than 50 years, and discovery of a 
damaged nerve.92.102 Factors associated with decreased success 
were pudendal nerve distal motor latency of greater than 7.0 
msec, age older than 70 years at surgery, and the fi nding of a 
normal nerve. Depression is known to be a component of pain 
syndromes. It has been suggested that surgery should be avoided 
in patients in whom a depression is manifested as chronic anal/
perineal pain.106.107 Neurolysis-transposition of the pudendal 
nerve failed in 5 of 6 depressed patients treated by Maullion and 
associates.108

Maullion and coworkers examined the effi cacy of pudendal 
nerve blocks as a predictive factor for the subsequent effi cacy of 
nerve decompression surgery.108 Twelve patients with urogenital 
and rectal pain were initially treated with CT-guided injections 
of lidocaine/corticosteroids in the pudendal nerves. Surgical 
treatment was proposed if pain recurred after temporary im-
provements or after nerve block failure. All patients underwent 
surgery for decompression of the sacrotuberous and sacro-
spinous ligaments and either unilateral or bilateral transposition 
of pudendal nerves proximal to the ischial spine. After 21 months, 
25% (3 of 12) patients remained asymptomatic, and one had 
partial improvement; eight remained in pain. The three patients 
cured by surgery had complete pain relief for at least 2 weeks 
after neurolysis repeated twice before nerve transposition. 
This was considered the best criterion to predict the success of 
surgery.
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Chapter 92

PAINFUL BLADDER SYNDROME AND 
INTERSTITIAL CYSTITIS
Christopher Kennerly Payne

EVOLUTION OF TERMINOLOGY: PAINFUL BLADDER 
SYNDROME AND INTERSTITIAL CYSTITIS

The last 20 years has produced and explosion of interest in the 
diagnosis and treatment of bladder pain. Although the attention 
is welcomed by patients, clinicians, and researchers alike, there is 
a simultaneous sense of insecurity and confusion as traditional 
ideas are challenged. Even the name identifying the condition, 
interstitial cystitis (IC), has been questioned. The original descrip-
tion of Hunner’s ulcers characterized a very small group of 
patients with a clearly defi ned disease defi ned by erythematous, 
bleeding areas on the bladder wall and physically diminished 
bladder capacity.1 In 1949, Hand2 described 223 patients, both 
men and women, with what would now be called IC; only 13% 
had severe cystoscopic fi ndings. Nevertheless, it was left to 
Messing and Stamey3 to focus attention on the disorder; they 
described an “early diagnosis” of IC based on cystoscopic iden-
tifi cation of glomerulations after bladder distention. This dra-
matically increased the population of patients considered to have 
IC while simultaneously raising a question as to whether these 
patients really had the same underlying disease. Most patients 
with glomerulations have normal cystoscopic fi ndings before dis-
tention, normal bladder capacity during distention, and relatively 
little infl ammation on bladder biopsies. Can these patients have 
the same condition as those with frank ulceration? In recent 
years, the population has been further expanded by a move to 
diagnose patients based on symptoms without performing 
bladder distention and biopsy.

The International Continence Society (ICS) proposed useful 
defi nitions to promote clarity in discussing the problem of 
bladder pain.4 First, it is recognized that bladder pain is part 
of a larger problem of genitourinary pain or pelvic pain syn-
dromes. The document states, “The syndromes described are 
functional abnormalities for which a precise cause has not 
been defi ned. It is presumed that routine assessment (history 
taking, physical examination, and other appropriate inves-
tigations) has excluded obvious local pathologies such as those 
that are infective, neoplastic, metabolic or hormonal in nature.” 
The term painful bladder syndrome (PBS) was introduced 
and defi ned as “the complaint of suprapubic pain related to 
bladder fi lling, accompanied by other symptoms such as increased 
daytime and night-time frequency, in the absence of proven 
urinary infection or other obvious pathology.” It was suggested 
that the term interstitial cystitis be reserved for those with specifi c 
objective fi ndings, stating that it is “a specifi c diagnosis 
and requires confi rmation by typical cystoscopic and histologi-
cal features. In the investigation of bladder pain it may be 
necessary to exclude conditions such as carcinoma in situ and 
endometriosis.”

Although PBS does not have objective diagnostic criteria, it 
does provide a simple, unambiguous description of a disease that 
is useful when discussing the problem with patients. It allows for 
a classifi cation of patients who chose to undergo treatment 
without invasive investigations. At the same time, it includes 
patients who undergo investigation but do not have the “typical 
cystoscopic and histologic features.” Thus, there are actually 
three separate groups:

1. Interstitial cystitis—symptoms of PBS with typical cysto-
scopic and histologic features

2. Painful bladder syndrome (uninvestigated)—symptoms of 
PBS with unknown cystoscopic and histologic features

3. Painful bladder syndrome (investigated)—symptoms of 
PBS with negative cystoscopic and/or histologic features

Furthermore, patients with IC actually comprise at least three 
readily identifi able subgroups:

1. Bladder ulcers seen on baseline cystoscopy and confi rmed 
by distention with biopsy

2. Normal baseline cystoscopy, glomerulations after disten-
tion, infl ammation on biopsy, reduced bladder capacity

3. Normal baseline cystoscopy, glomerulations after disten-
tion, no infl ammation on biopsy, normal bladder 
capacity

These groups may substantially overlap; at this time there is 
essentially no information that can be used to defi ne distinct dif-
ferences in etiology, pathophysiology, treatment, or prognosis for 
either subgroup of nonulcer IC patients. However, there is clearly 
a difference in pathophysiology between ulcer and nonulcer 
patients. Future studies with careful characterization of symp-
toms, objective fi ndings, and longitudinal follow-up could 
produce important insights into the utility of these somewhat 
artifi cial distinctions.

An important limitation of the ICS terminology is that these 
defi nitions of disease do not translate readily into entry/exclusion 
criteria for clinical research. Ever since the National Institute 
of Diabetes and Digestive and Kidney Diseases (NIDDK) spon-
sored a conference to review the accumulated knowledge of 
IC in 1987, the consensus statement from this meeting5 has 
been considered the “offi cial” research defi nition of IC. The 
defi nition encompasses inclusion criteria (Box 92-1) that describe 
the syndrome and exclusion criteria (Box 92-2) that serve to 
create a relatively homogeneous patient population. The exclu-
sion criteria can be subdivided into two groups: fi rst, other 
diseases that, if present, could engender doubt about the source 
of symptoms, and second, various symptoms or patient factors 
used to eliminate subjects that might be problematic to evaluate 
in a clinical trial.
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The NIDDK criteria were criticized in a retrospective study 
from the NIDDK IC Database.6 It was observed that, when 
patients with a wide range of symptoms were recruited for this 
longitudinal study, the NIDDK criteria achieved the purpose of 
defi ning a homogeneous patient population, because 90% of the 
database subjects meeting NIDDK criteria were believed by the 
experts to have IC. On the other hand, more than 60% of 
the patients diagnosed clinically with IC by the same experts 
did not meet the strict NIDDK criteria. Because use of these cri-
teria greatly limits the available patient population and hampers 
clinical research; it has been argued that research trials should 
draw from the full spectrum of the clinical population, so that 
the results will be maximally generalizable.7

It has been proposed that this obstacle could be overcome by 
using the constellation of symptoms that defi nes PBS as inclusion 
criteria. However, at this time, there have been no published 
clinical trials of PBS and no published criteria for selecting 
patients for such trials. There is also a lack of worldwide agree-
ment on the standard diagnostic evaluation of patients with 
bladder pain. In the United States, patients are often diagnosed 
by symptoms, and even when bladder distention is performed, 
biopsies are often not obtained. In Europe and other parts of the 

world, most patients undergo distention and biopsy, and diag-
nosis follows ICS terminology closely.8 Therefore, it can thus be 
diffi cult to conduct an international study. Furthermore, even 
when similar entry criteria are used, it may be diffi cult to ensure 
that patients from U.S. and European trials are similar, given the 
varying diagnostic philosophies. A recent NIDDK subcommittee 
charged with reviewing the literature to update the diagnostic 
criteria was unable fi nd an evidence base to improve on the 
earlier NIDDK criteria.9 This problem may not be solved until a 
reliable biomarker is developed. Until such time, the NIDDK 
criteria will continue to be used to provide an accepted homoge-
neous IC population representing a subset of the affected 
population; this defi nition is appropriate for trials of more 
toxic treatments for those with refractory symptoms. More 
inclusive criteria will be proposed to facilitate additional research, 
particularly for the more recently diagnosed and less severely 
affected patients. However, the lack of universally accepted 
research criteria for PBS will hamper research efforts in the short 
term.

EPIDEMIOLOGY, ASSOCIATIONS, AND IMPACT

The diagnosis of IC/PBS is controversial and is based primarily 
on symptoms; there is as yet no objective test or marker to estab-
lish the presence of the disease, so studies to defi ne its prevalence 
and incidence are diffi cult to conduct. Such epidemiologic studies 
use one of three methods: patient self-reported history, physician 
diagnosis, or identifi cation of symptoms that suggest IC/PBS. 
The estimates of prevalence obtained vary widely, depending on 
when the study was performed (recognition of the disease is 
much greater in recent years), which methodology was used 
(symptoms are very prevalent, physician diagnosis relatively 
uncommon), and where the study was performed (physician and 
patient attitudes differ by culture, and there may be environmen-
tal or hereditary risk factors). The major published studies exam-
ining the incidence of IC/PBS are summarized in Table 92-1. 
Reports employing physician diagnoses report a much lower 
incidence, but the methodologies of such studies still vary con-
siderably: some consist of surveys sent to urologists,10,11 whereas 
others involve review of medical records from broad, population-
based samples.12,13 Each methodology has its inherent biases and 
limitations. Leppilahti and colleagues13 used a powerful tech-
nique in which patients were contacted from a representative 
population-based sample, diagnosed based on presence of symp-
toms, and then invited to participate in a physician evaluation to 
confi rm the diagnosis. Even without including potential patients 
who could not be examined, the group estimated that the preva-
lence of IC in Finnish women was 230/100,000 for probable cases 
and 530/100,000 for possible/probable cases. The power of the 
study was limited by the facts that the population examined was 
very homogeneous and that only a small number of cases were 
actually diagnosed (three probable, four possible), but the results 
are informative and in marked contradistinction to the initial 
report of IC epidemiology by Orovisto,14 who found only 18 cases 
per 100,000 women in the same type of population. Orovisto 
required the presence of a confi rmatory biopsy.

Two studies using self-reported histories of IC/PBS employed 
the same defi nition of disease.15,16 Participants were asked, “Have 
you ever had symptoms of a bladder infection (such as pain in 
your bladder and frequent urination) that lasted more than 3 
months?” Those who answered “Yes” were then asked, “When 

Hunner’s ulcer-automatic inclusion
Pain on bladder fi lling relieved by emptying
Pain (suprapubic, pelvic, urethral, vaginal, or perineal)
Glomerulations on endoscopy
Decreased bladder compliance on CMG

Box 92-1 NIDDK Inclusion Criteria: Two Positive 
 Factors Are Necessary for Inclusion 
 in the Interstitial Cystitis Study 
 Population

CMG, cystometrography; NIDDK, National Institute of Diabetes and Digestive and 
Kidney Diseases.

Other diseases
Benign or malignant bladder tumors
Uterine, cervical, vaginal, or urethral cancer
Other cystitis: radiation, tuberculous, bacterial, or 

cyclophosphamide
Vaginitis
Symptomatic urethral diverticulum
Active herpes infection
Bladder or ureteral calculi
Involuntary bladder contractions (UDS)

Practical issues in research
Age <18 yr
Waking frequency <5 times in 12 hours
Nocturia <2 times per night
Symptoms relieved by antibiotics, urinary antiseptics, 

urinary analgesics
Duration <12 mo
Bladder capacity >400 mL, absence of sensory urgency

Box 92-2 NIDDK Exclusion Criteria for 
 Interstitial Cystitis Study Population

NIDDK, National Institute of Diabetes and Digestive and Kidney Diseases.
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you had this condition, were you told that you had interstitial 
cystitis or painful bladder syndrome?” An affi rmative answer to 
both questions was considered to defi ne the presence of IC/PBS. 
The Curhan study15 also included review of medical records and 
found a much lower prevalence of disease in these records than 
was found by self-reported histories.

Overall, there is greater than 100-fold variation in the diagno-
sis of IC/PBS among studies. Whether this represents an actual 
difference in the presence of disease in different populations or 
an artifact from study design is unknown. Patient recollection is 
inaccurate due to confusion between IC/PBS and other forms of 
cystitis. At the same time, most of these studies do not capture 
patients who have no access to care due to economic or other 
social pressures and therefore may underestimate the presence of 
disease. Physician diagnosis similarly may underestimate the true 
prevalence due to selection biases.

Recent studies that assess the presence of symptoms suggestive 
of IC/PBS provide methods of identifying undiagnosed patients. 
Clemens and colleagues17 used three different clinical defi nitions 
of IC/PBS symptoms in a study that included a questionnaire and 
review of medical records. Defi nition 1 consisted of self-reported 
pelvic pain along with urinary urgency or frequency lasting for 
at least 3 months. Defi nition 2 included the defi nition 1 criteria 
plus the presence of pain increasing as the bladder fi lls or pain 
relieved by urination. Defi nition 3 used results from a validated 
condition-specifi c questionnaire. Presence of IC/PBS for this 
defi nition was defi ned as a score of 12 or higher on the Interstitial 
Cystitis Symptom Index and Problem Index, including two or 
more episodes of nocturia per night and a pain score of 2 or 
greater. The resulting prevalence estimates were 11,200 per 
100,000 women and 6,200 per 100,000 men by defi nition 1; 3300 
and 1400, respectively, by defi nition 2; and 6200 and 2300, 

respectively, by defi nition 3. Interestingly, using only defi nition 
3, a different study in Finnish women18 demonstrated a preva-
lence of 450 per 100,000. Finally, investigators using a very con-
troversial approach based on the presence of symptoms and 
potassium sensitivity testing in a subset of patients suggested that 
between 10% and 30% of women in a third-year medical school 
class had IC and that 25 to 30 million U.S. women could be 
affected.19 Although this study was based on several questionable 
assumptions, there is no doubt that pelvic pain and lower urinary 
tract symptoms are exceedingly common and most likely are 
underappreciated in the general population. It is not yet clear that 
these patients actually have a unifying diagnosis. The need for an 
objective diagnostic marker for IC/PBS is obvious.

Only two investigators have estimated the incidence of IC/
PBS. In a community-based study in Olmsted County, Minne-
sota, physician-assigned diagnoses of IC/PBS were identifi ed 
using medical records from the Rochester Epidemiology Project.20 
The overall age- and sex-adjusted incidence rate was 1.1 per 
100,000 per year for the interval from 1976 to 1996. The age-
adjusted incidence rates were 1.6 per 100,000 women and 0.6 per 
100,000 men. The median number of episodes of care-seeking 
for symptoms before diagnosis was 1 for women and 4.5 for men. 
In this study, the cumulative incidence rate (an estimate of preva-
lence) was 114 per 100,000 by age 80 years. A subsequent review 
of physician diagnoses of IC/PBS among Kaiser Permanente 
Northwest enrollees identifi ed a much higher yearly incidence: 
21 per 100,000 women and 4 per 100,000 men.12 These two esti-
mates present a rather large difference that cannot be resolved 
without further research. The methodologies and patient popula-
tions are quite different. It would be exciting to know that there 
is a substantial difference in incidence between different ethnic 
groups but we cannot conclude that at the present time.

Table 92-1 Estimates of the Prevalence of Interstitial Cystitis

Publication Years Surveyed Methodology Population Total No. Surveyed
Prevalence 
(per 100,000)

Jones 1997 1988-1991 Self-report U.S. national (overall)  20,561 501
U.S. national (women) 865

Curhan 1999-NHS I 1994 Self-report/medical 
record

U.S. female nurses  91,555  52

Curhan 1999-NHS II 1995 Self-report/medical 
record

U.S. female nurses  93,428  67

Clemens 2005 1998-2002 Symptoms Pacifi c northwest HMO
 Women 136,400 3,300-11,200
 Men 120,533 1,400-6,200
Leppilahti 2005 2000 Symptoms Finnish women   1,331 450
Oravisto 1975 Physician diagnosis Finnish women  18
Bade 1995 NS Physician diagnosis Dutch women 235 urologists   8-16
Ito 2000 NS Physician diagnosis Japan (overall) 300 urologists 1.2

Japan (women) 4.5
Clemens 2005 1998-2002 Physician diagnosis Pacifi c northwest HMO
 Women, overall 136,400 197
 Men, overall 120,533  41
 Women, cystoscopy  99
 Men, cystoscopy  19
Leppilahti 2005 2000 Physician 

evaluation
Finnish women   1,331 Word

HMO, health maintenance organization; NHS, National Health Service (U.K.).
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Koziol and colleagues21,22 fi rst examined the impact of IC in a 
population of patients treated at a single center. The found that 
more than 60% of the patients were unable to enjoy usual activi-
ties or were excessively fatigued, and 54% reported depression. 
Travel, employment, leisure activities, and sleeping were adversely 
affected in more than 80% of the patients. The quality of life for 
these IC patients (likely a very severely affected group) was worse 
than that of chronic dialysis patients. Another survey of 495 IC 
patients in the United Kingdom demonstrated similar fi ndings.23 
Sixty-seven percent of patients reported “considerable impact” 
or worse on their lifestyle, and 46% reported moderate depres-
sion or worse. Half of the patients reported at least considerable 
diffi culties with sexual intercourse. There is no doubt that IC/PBS 
can greatly diminish quality of life in all domains (physical, social, 
emotional, relationships) and that the combination of chronic 
pain and lower urinary tract dysfunction places a burden that is 
matched by few other conditions.

An initial effort to determine the fi nancial impact of IC/PBS 
on the U.S. healthcare system was produced from the Urologic 
Diseases in America project sponsored by the NIDDK. This 
endeavor compiled several national databases, including Medi-
care, Medicaid, and the Veteran’s Administration health care 
system, as well as private sources. The search strategy included 
identifying costs associated with patients diagnosed with IC 
(International Classifi cation of Diseases, 9th Revision [ICD-9] code 
595.1) as well attempting to identify patients who may have PBS 
(the combination of code 788.41 for urgency-frequency with 
either 625.8 or 625.9, which code for female pelvic pain). Because 
there is no current diagnostic code for PBS, this was the fi rst 
attempt to identify such patients through coding. Among the 
most important fi ndings were the following:24

■ Between 1992 and 2001, there was a twofold increase in the 
rate of hospital outpatient visits and a threefold increase in 
the rate of physician offi ce visits related to IC. The annual-

ized rate was 102 offi ce visits per 100,000 population. The 
rate of ambulatory surgery visits for IC declined.

■ A diagnosis of IC was associated with a twofold increase in 
direct medical costs compared with the costs for individu-
als without the disorder (Table 92-2).

■ Between 1994 and 2000, the annual national expenditure 
for IC was stable at approximately $37 million, but the 
annual costs for PBS increased from $481 million to $750 
million (Table 92-3).

■ More than 80% of the outpatient care was provided by 
urologists.

The data are consistent with observations that fewer patients 
undergo procedures under anesthesia; the growing expenditures 
on PBS most likely represent an increased awareness of the con-
dition combined with the trend away from performing cystos-
copy, bladder distention, and biopsy. The economic impact of 
disease detailed in this report includes direct costs paid to the 
medical system and indirect costs borne by the individual and 
society. Direct costs include payments to physicians for inpatient 
and outpatient care, payments to hospitals for inpatient care, 
payments for outpatient procedures and tests, and the costs of 
prescription drugs, among others. Indirect costs include poten-
tially measurable items such as the consequences of time away 
from work (borne by the individual, employers, and colleagues) 
and lost productivity when at work. The condition also has sub-
stantial impact through indirect costs that are more diffi cult to 
measure: work, education, and social opportunities not pursued; 
general decrements in quality of life; loss of family and social 
support; and even depression, divorce, and, for some IC/PBS 
patients, suicide. It is probable that these indirect costs would 
overwhelm the direct costs.

There are a number of intriguing associations with IC. Clauw25 
and Erickson26 independently surveyed patients and controls for 
the presence of a wide variety of physical symptoms. They found 

Table 92-2 Estimated Annual Expenditures of Privately Insured Employees with and without a Medical Claim for 
Interstitial Cystitis (Defi nition A) in 2002*

Subgroup

Persons without IC (N = 477,339) Persons with IC (N = 244)

Medical Rx Drugs Total Medical Rx Drugs Total

All $2,993 $1,176 $4,169 $5,772 $2,648  $8,420
Age (yr)
 35-44 $2,597 $1,011 $3,608 $8,405 $1,915 $10,320
 45-64 $3,352 $1,341 $4,693 $5,801 $2,987  $8,788
Gender
 Male $2,912 $1,105 $4,017 $3,560 $2,785  $6,345
 Female $3,109 $1,278 $4,387 $5,996 $2,457  $8,453
Region
 Midwest $2,980 $1,121 $4,101 $5,749 $2,550  $8,299
 Northeast $2,806 $1,254 $4,060 $5,414 $2,826  $8,240
 South $3,156 $1,153 $4,309 $6,088 $2,570  $8,658
 West $2,949 $1,157 $4,106 $5,688 $2,634  $8,322

*The sample consisted of primary benefi ciaries, aged 18 to 64 years, who had employer-provided insurance and were continuously enrolled in 2002. 
Estimated annual expenditures were derived from multivariate models that controlled for age, gender, work status (active/retired), median household 
income (based on Zip code), urban/rural residence, medical and drug plan characteristics (managed care, deductible, coinsurance/copayments), and 
binary indicators for 28 chronic disease conditions. Predicted expenditures for persons aged 18 to 34 years were omitted due to small sample size. 
SOURCE: Ingenix, 2002.
IC, interstitial cystitis; Rx, prescription.
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striking parallels, with IC patients reporting increased cardiac, 
gastrointestinal, and rheumatologic symptoms, but both investi-
gators noted that these patients with chronic pain did not simply 
report the presence of somatic complaints in every organ system 
(Table 92-4). Alagiri and colleagues27 surveyed 2405 patients with 
a diagnosis of IC for the presence of other diagnosed diseases plus 
symptoms that would suggest the presence of disease. Allergies 
were the most common condition, occurring at twice the rate in 
the general population, but more striking differences were see in 
dramatically increased rates of irritable bowel syndrome, fi bro-
myalgia, Crohn’s disease, and lupus. Endometriosis, inconti-
nence, chronic fatigue, and migraines occurred in IC patients at 
about the same rate as in the general public. This fi nding is 
important, because the presence of anything more than mild 
stress incontinence is unusual in IC/PBS patients and should 
prompt a more comprehensive evaluation. In contrast to this 
large population-based study, examination of patients in a single 
center showed that IC and endometriosis may frequently coexist 
in patients with chronic pelvic pain.28 A total of 178 female 
patients with chronic pelvic pain underwent both cystoscopy 
with bladder distention and laparoscopy. Endoscopic fi ndings 
supported a diagnosis of endometriosis in 134 patients (75%), 

and cystoscopy confi rmed a diagnosis of IC in 159 patients 
(89%);115 patients (65%) were diagnosed with both IC and 
endometriosis. The question here is whether the specifi c endo-
scopic fi ndings are meaningful. Perhaps these patients had a gen-
eralized hypersensitivity disorder, and the glomerulations and 
deposits of endometriosis were not specifi cally related to the 
pathophysiology. Only more detailed research with longitudinal 
follow-up can answer this question.

These associated symptoms are particularly fascinating when 
viewed in the context of a report from Weissman and colleagues,29 
who described a genetic linkage study demonstrating associations 
between IC and panic disorder, thyroid disorders, mitral valve 
prolapse, and chronic headaches/migraines. These associations 
parallel the increased incidence of palpitations, heart pounding, 
chest pain, and rapid heart rate in the reports of Clauw25 and 
Erickson.26 These researchers, however, did not fi nd an increase 
in headaches in IC patients compared with controls. Although 
such a genetic syndrome would likely only involve a fraction of 
the typical IC patients, this discovery could ultimately produce 
insights about the pathophysiology of disease and lead to new 
medical treatments. Another view on this issue was provided by 
Buffi ngton30; in his review of published associations between IC 

Table 92-3 U.S. Expenditures for Interstitial Cystitis (Defi nition A) and Share of Costs, by Site of Service

Site of Service

1994 1996 1998 2000

Expenditures Share (%) Expenditures Share (%) Expenditures Share (%) Expenditures Share (%)

Hospital 
outpatient

—  0 —  0 —  0 —  0

Physician offi ce 
visit

$10,077,086 29.2 $10,974,296 28.9 $12,384,884 29.8 $17,152,667 44.4

Ambulatory 
surgery

$24,429,773 70.8 $26,963,811 71.1 $29,179,800 70.2 $21,439,276 55.6

Emergency 
room visit

—  0 —  0 —  0 —  0

Inpatient —  0 —  0 —  0 —  0

Total $34,506,859 $37,938,106 $41,564,684 $38,591,942

SOURCE: National Ambulatory and Medical Care Survey; National Hospital and Ambulatory Medical Care Survey; Healthcare Cost and Utilization Project; 
Medical Expenditure Panel Survey, 1994, 1996, 1998, 2000.

Table 92-4 Nonbladder Symptoms Associated with Interstitial Cystitis (IC) in Two Studies*

Erickson 2001 Clauw 1997

Symptom IC > Control Symptom IC > Control

Backache Yes Not applicable Not applicable
Dizziness Yes Dizziness Yes
Chest pain Yes Chest pain Yes
Aches in joints Yes Morning stiffness Yes

Swollen joints Yes
Abdominal cramps Yes Abdominal bloating Yes
Heart pounding Yes Palpitations Yes

Rapid heart rate Yes
Nausea Yes Nausea No
Headache Yes Tension headache No

Migraine headache No

*Between-group signifi cance: P < .01.
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and other disorders, he pointed out that many of the associations 
could be explained by a common dysregulation of the hypotha-
lamic-pituitary-adrenal (HPA) axis. Buffi ngton has carefully 
documented such abnormalities in a series of publications using 
the Feline Interstitial Cystitis model31-33 and has begun studying 
the response to stress in these animals. Preliminary results suggest 
there is dissociation between the sympathetic nervous system and 
HPA-axis responses to stress (see Chapter 90). This is a promis-
ing area for further research, because it could lead to improved 
understanding of the pathophysiology and present new avenues 
for treatment.

A critical question in defi ning the future of IC/PBS and other 
pelvic pain syndromes is whether there are meaningful distinc-
tions between different syndromes. Wessely and colleagues34 per-
formed a literature review in 1999; they found that a substantial 
overlap existed between the individual syndromes and that the 
similarities between them outweighed the differences. Similari-
ties were apparent in case defi nition, reported symptoms, and 
nonsymptom associations such as gender, outlook, and response 
to treatment. They concluded that the existing defi nitions of 
these syndromes in terms of specifi c symptoms were of limited 
value and proposed that a dimensional classifi cation would prob-
ably be more productive. They further postulated that the exis-
tence of specifi c somatic syndromes is largely an artifact of 
medical specialization; that is to say, the differentiation of specifi c 
functional syndromes refl ects the tendency of specialists to focus 
on only those symptoms pertinent to their specialty, rather than 
any real differences among patients. There may be no more 
important question than this. For both research and treatment, 
it is critical to determine whether IC/PBS is really a primary 
disease of the bladder or part of a larger predisposition to chronic 
pain.

ETIOLOGY AND PATHOPHYSIOLOGY

The name “interstitial cystitis” implies a chronic bladder infl am-
mation, and most of the theories about the pathophysiology of 
this disorder involve infl ammation. Abnormally increased 
numbers of detrusor mast cells and/or abnormal mast cell func-
tion35,36 have been suggested to be key features of the disease. The 
hypothesis is attractive because of the symptoms of the disease 
and the association with allergies and food sensitivities. However, 
although ulcer patients clearly have classic chronic infl ammation 
on biopsy, the majority of subjects in the NIDDK Interstitial 
Cystitis Database study did not have signifi cant histologic infl am-
mation.37 Moreover, treatment with mast cell inhibitors has been 
largely disappointing, and urinary histamine and its metabolites 
have not been reliable markers for the disease.38 

Autoimmune dysregulation and chronic infl ammation have 
also been proposed as an etiology. The demographic distribution 
of young female patients parallels that of other autoimmune 
diseases, and several autoimmune disorders are associated with 
IC, as discussed earlier. However, it does not seem possible 
that IC is an autoimmune disease in the classic sense, because 
many histologic studies have failed to demonstrate the expected 
pathologic changes. Positive clinical results from recent studies 
using cyclosporine have generated renewed interest in this 
hypothesis.

For many years, the primary theory of IC pathogenesis was a 
defi ciency in the protective glycosaminoglycan (GAG) layer of 
the bladder. Parsons and others suggested that GAGs are quan-

titatively and qualitatively diminished. A unifying theory of 
urologic pelvic pain centered on epithelial cell dysfunction was 
proposed by Parsons.39 The concept is that the defective urothe-
lial barrier allows potassium and other solutes to diffuse back into 
the bladder, stimulating pain nerves and creating local infl am-
mation. IC patients are clearly more sensitive to intravesical 
potassium (see later discussion), but actually proof of abnormal 
bladder permeability has been elusive. In addition, treatment 
aimed at restoring the GAG layer has been relatively disappoint-
ing. The clinical or basic science breakthrough that would sub-
stantiate this attractive theory has yet to arise.

The most promising scientifi c research in IC involves anti-
proliferative factor (APF). The presence of a substance in the 
urine of IC patients that inhibits urothelial cell growth in culture 
(but is not cytotoxic) was fi rst described in 1996 by Keay and 
colleagues.40 Subsequent work from the same group demon-
strated that APF was found in bladder urine but not in urine 
taken from the renal collecting system,41 that it was found in 
almost all IC patients but rarely in normal controls or in patients 
with other urologic disorders,42 and that abnormally high levels 
of APF reverted to normal after patients were treated by bladder 
distention and sacral nerve stimulation.43,44 APF activity also has 
been shown to correlate with other known epithelial growth 
factors EGF and HB-EGF.45 The structure of APF was fi nally 
elucidated in 2004 by Keay and colleagues46; it belongs to the 
family of frizzled 8–related sialoglycopeptides and has 100% 
homology to the sixth transmembrane segment of the G protein–
coupled Wnt ligand receptor. At this time, there is no easy test 
to assess APF, because the assay still depends on a cell culture. 
If an antibody-based assay can be developed in the future, it 
could have a major impact on the diagnosis of IC/PBS. This in 
turn would greatly facilitate both clinical and epidemiologic 
research. The ultimate question is whether APF is a simply a 
marker associated with the disease or is integrally involved in its 
pathophysiology.

Warren and colleagues have investigated the possibility that 
susceptibility to IC is inherited. One study involved a pilot mail-
in study of members of the Interstitial Cystitis Association.47 The 
participants were asked about the presence of IC symptoms and 
a diagnosis of IC in all fi rst-degree relatives. Diagnosis was not 
confi rmed in the probands or relatives. The survey found that 
women, aged 31 to 73 years, who were fi rst-degree relatives of 
patients with IC, themselves had a prevalence of IC of 995/100,000. 
This suggests a relative risk of up to 17 times that in the general 
population, based on Curhan’s study of IC prevalence.15 This 
team also investigated IC in twins. Of the co-twins of 8 monozy-
gotic twin respondents, 2 had probable and 3 had confi rmed IC, 
compared with none of the co-twins of the 26 dizygotic twin 
respondents (including 15 female co-twins). Although this is a 
very small sample, the striking results suggest that there may be 
a genetic susceptibility to IC.48

CURRENT DIAGNOSTIC TESTS AND STRATEGIES

As discussed earlier, the 1988 NIDDK research criteria are the 
product of “expert opinion” and were intended to ensure that 
the populations in research studies would be comparable. The 
criteria were not intended for clinical practice; even in the 
research setting, they function suboptimally by excluding too 
many appropriate subjects. Because of this controversy, 
the NIDDK charged a subcommittee to examine the evidence 
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supporting current diagnostic strategies and knowledge and 
identify the gaps to be fi lled. This was intended to be the fi rst step 
in moving toward an evidence-based defi nition of IC and to 
include specifi c recommendations for future research that would 
create the necessary evidence. Individual participants reviewed 
the published data on urodynamics, biomarkers, potassium sen-
sitivity testing, cystoscopy with distention and biopsy, and ques-
tionnaires. The conclusions of each reviewer were discussed and 
modifi ed by the whole subcommittee. Each author then pre-
sented the conclusions for public comment at the 2003 NIDDK 
Interstitial Cystitis Research Symposium on November 1, 2003, 
in Alexandria, Virginia. This meeting was attended by more than 
250 international experts in IC, including clinicians from many 
different specialties and basic science researchers. The subcom-
mittee found that, in the 15 years since publication of the original 
NIDDK guidelines, no high-quality evidence had been developed 
to support the routine use of any diagnostic test in defi ning IC. 
The specifi c fi ndings and recommendations are included in the 
following sections.

Urodynamics

Urodynamic studies are required to diagnose IC by the NIDDK 
entry criteria. Despite this fact and the many papers that purport 
to study IC based on the NIDDK criteria, the reviewers in 2003 
identifi ed only 10 papers that described urodynamic fi ndings. 
The NIDDK criteria include the presence of noncompliant fi lling 
as a positive factor in the diagnosis and the presence of involun-
tary detrusor contractions (IDCs) as an exclusionary factor. 
However, although diminished compliance appears to occur in 
a subset of patients with IC/PBS, this feature of the disease has 
not been characterized suffi ciently to be of any clinical value. At 
the same time, IDCs are consistently reported in a subset of IC/
PBS patients and correlate with symptom severity. No data were 
found to suggest that these patients are different from patients 
who do not have IDCs. It was concluded that IDCs should 
not be used to exclude a diagnosis of IC/PBS. One important 
point presented was that most of the reports did not include any 
assessment of pain during bladder fi lling and that the standard 
urodynamic terms of “fi rst desire to void” and “urgency” 
may not be adequate to describe urodynamics in patients with 
IC/PBS.49 

My colleagues and I use urodynamic testing selectively, with 
the primary indications being the presence of signifi cant incon-
tinence, prominent voiding diffi culty or high residual urine, and 
failure to respond to treatment. The test is adapted from the 
technique described by Teichman and colleagues.50 We typically 
perform a baseline fi lling/voiding cystometrogram. This is fol-
lowed by a potassium sensitivity test (PST) as described by 
Parsons.51The bladder is then anesthetized with alkalinized lido-
caine, as described by Henry,52 and cystometry is repeated. It is 
important that voiding be adequately evaluated before the PST 
and lidocaine instillation, because there is a signifi cant incidence 
of voiding abnormalities, much of it related to pelvic fl oor dys-
function, and this may offer a separate avenue for therapy (see 
later discussion of pelvic fl oor therapy).

Cystoscopy with Bladder Distention and Biopsy

More than 50 papers including data on cystoscopy, bladder dis-
tention, and bladder biopsy were reviewed.53 Although the pres-
ence of glomerulations after bladder distention has long been 

considered to be the sine qua non of IC, there is no body of 
evidence to support this hypothesis. The sensitivity of glomerula-
tions as a marker for IC was questioned by Awad and colleagues.54 
This group defi ned patients with subjective symptoms of IC 
and supportive urodynamic fi ndings. They found no difference 
between those who did and did not have glomerulations 
after bladder distention in histology or in response to treatment. 
The specifi city of glomerulations was questioned by Waxman 
and associates.55 They photographed bladder distentions per-
formed on asymptomatic women presenting for elective tubal 
ligation. The photographs were reviewed by outside experts along 
with similar photographs taken from distentions of IC patients. 
The study conclusively demonstrated that the bladder mucosal 
lesions characteristically associated with irritative voiding symp-
toms and pelvic pain in patients diagnosed with IC were also 
observed in asymptomatic women. More recently, Erickson and 
colleagues56 prospectively evaluated 36 patients undergoing 
bladder distention using the NIDDK cystoscopic criteria. They 
found no difference in symptoms or in response to the procedure 
between those who did and did not meet cystoscopic criteria 
for IC. There was no difference in histology or urine markers. 
They concluded that, “cystoscopic criteria do not appear to 
identify a distinct pathophysiologic subset of patients with IC 
symptoms.”

It would thus appear that cystoscopy under anesthesia with 
bladder distention cannot be recommended as a mandatory test. 
At the same time, patients with chronic disease are often con-
cerned about cancer and crave more information about their 
disease. Either the patient or the clinician may feel a need for 
further evaluation. IC does not appear to predispose patients to 
bladder cancer. On the other hand, several authors have pub-
lished cases series of patients who were misdiagnosed with either 
IC or chronic pelvic pain and actually had bladder cancer or 
carcinoma in situ.57-59 This is of great concern because of the 
trend away from examining all patients with cystoscopy. It is 
certainly important to maintain a high index of suspicion in these 
patients and to use diagnostic studies such as cystoscopy and 
cytology prudently. In selected patients, offi ce cystoscopy can be 
well tolerated and can provide the necessary information to 
exclude other diseases (although the bladder can rarely be dis-
tended enough to produce glomerulations without severe pain 
in the absence of anesthesia). If cystoscopy is performed under 
anesthesia, abnormal or suspicious areas should certainly be 
biopsied, but there is as yet no evidence that routine biopsies 
of normal areas or glomerulations provide useful diagnostic or 
therapeutic information. At the present time, it seems rational 
to conclude that cystoscopy should still be used for patients 
with PBS and microscopic hematuria or pyuria, risk factors for 
bladder cancer, and for those patients for whom empiric therapy 
has failed. Two investigators have suggested that the likelihood 
of identifying any specifi c cause for microscopic hematuria in 
young women with PBS is very low.60,61 Perhaps such low-risk 
patients might be initially evaluated with ultrasonography and 
cytology.

Biomarkers

APF was discussed in detail earlier. Currently, there is no clini-
cally useful biomarker for IC/PBS. There is a need for large, 
multicenter prospective studies, including a broad spectrum of 
patients with lower urinary tract symptoms and pelvic pain, in 
which APF (and other putative biomarkers) can be tested on all 
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patients at enrollment and correlated with eventual diagnosis and 
response to therapy.

Potassium Sensitivity Testing

The most controversial tool in the IC/PBS diagnostic arma-
mentarium is the PST. First described by Parsons,51,62 the PST has 
been studied more extensively than any other test. In this test, 
50 mL of sterile water and 50 mL of 0.4N KCl are instilled 
into the patient’s bladder sequentially, and the patient is asked 
to rate the degree of pain and urgency on a scale of 0 to 5. 
An increase of 2 points in either symptom is considered a 
positive test. It should be noted that the PST assesses sensitivity 
to intravesical instillation of potassium. The concentration used 
is pharmacologic, not physiologic. A positive test may indicate 
increased permeability of the urothelium to potassium, increased 
sensitivity of the bladder nerves, or some combination of the 
two.

Many investigators using very different patient populations 
have unanimously concluded that this test separates IC patients 
from normal subjects. The question is whether the test meaning-
fully separates patients with IC/PBS from those with other dis-
eases. Reports document high rates of positive testing in patients 
with prostatitis, urethral syndrome, and a wide variety of gyne-
cologic disorders, as well as a substantial minority of patients 
with detrusor overactivity (Table 92-5).63-65 As discussed earlier, 
Parsons39 has proposed that the test accurately identifi es a large 
group of patients with undiagnosed IC/PBS who share a common 
uroepithelial dysfunction. Another explanation for the wide posi-
tivity of the test is the concept of neural cross-sensitization and 
referred pain. FitzGerald and colleagues66,67 studied pain responses 
in PBS patients. They fi rst demonstrated that subjects with PBS 
exhibit bladder hyperalgesia and may sense bladder discomfort 
at sites other than suprapubic. They were able to show that the 
rating of bladder discomfort and sensory mapping during cys-
tometry usefully distinguishes between PBS subjects and controls 
(no pain, stress incontinent or continent). A second study exam-
ining patients with PBS, overactive bladder, or stress inconti-
nence and normal controls found that most of the patients 

with PBS and some of those with overactive bladder experienced 
their bladder discomfort or urgency at referred sites other than 
suprapubic. They postulated that the etiology of widespread 
sensation may include an expansion of dermatomes of referral 
of bladder sensation, and/or the presence of associated somatic 
abnormalities.

Even more intriguing is the work by Pezzone and colleagues 
in a rat model of referred pelvic pain. In the fi rst study, after acute 
bladder irritation, dramatic increases in abdominal wall electro-
myographic activity in response to rectal distention were 
observed, indicating colonic afferent sensitization. Analogously, 
after acute colonic irritation, bladder contraction frequency 
increased by 66%, suggesting sensitization of lower urinary tract 
afferents.68 In the second study, colonic irritation was shown to 
sensitize urinary bladder afferents to noxious mechanical and 
chemical stimuli (including bladder distention, capsaicin, brady-
kinin, and substance P). Interruption of the neural input to the 
bladder minimized this effect, suggesting a local afferent pathway 
from the colon. This work suggests the stimulating hypothesis 
that the overlap of chronic pelvic pain disorders may be a con-
sequence of pelvic afferent cross-sensitization.69

The PST was examined in two prospective double-blind trials 
to determine the utility of the test in predicting response to 
therapy aimed in improving the bladder GAG layer. A three-
armed study investigating different doses of pentosanpolysulfate 
sodium (PPS; 300, 600, or 900 mg daily) enrolled patients based 
on symptoms and performed PST on all subjects at entry. In the 
377 patients evaluated at baseline, the PST was positive in 302 
(80.1%), negative in 51 (13.5%), and indeterminate in 24 (6.4%). 
The PST had no predictive value, because signifi cant responses 
to treatment were seen in 92 (60%) of the 153 patients who were 
PST-positive at entry and in 20 (64%) of the 33 who were PST-
negative.63 In contrast, Gupta and colleagues70 performed the PST 
on 36 patients who went on to receive intravesical sodium hyal-
uronate. They found that 20 (55%) of 36 patients reported an 
improvement after six doses, but 17 (74%) of those with a posi-
tive PST result improved, compared with only 5 (22%) of those 
with a negative test (P = .03). Further examination of the role of 
PST in identifying patients for such intravesical therapy seems 
appropriate.

In summary, the PST is not a physiologic test, and it assesses 
bladder sensitivity, not necessarily permeability; development of 
a practical test to conclusively measure urothelial permeability in 
humans would be enormously helpful in directing clinical care 
and research efforts. The specifi city of the PST has not been 
established. However, the test is simple and inexpensive and 
clearly separates IC patients from normal controls; it is possible 
that further research will defi ne a role for the test in the diagnosis 
of IC/PBS. In a large-scale, prospective randomized controlled 
trial (RCT), the PST did not predict response to PPS therapy, but 
in a smaller trial it did seem to predict response to intravesical 
sodium hyaluronate.

Questionnaires

Three questionnaires are in common use in IC/PBS: the Univer-
sity of Wisconsin, O’Leary-Sant, and PUF scales. Although all 
may be used to monitor patients longitudinally, there is no evi-
dence that any questionnaire can be used to diagnose IC. Many 
epidemiologic studies are investigating the use of all or part of 
these instruments as screening tools to estimate prevalence in 
large populations.

Table 92-5 Results of Testing for Epithelial 
Dysfunction in Populations of Symptomatic Patients

Population N

No. Positive for 
Epithelial 

Dysfunction (%)

Interstitial cystitis 1629 1285 (79)
Urethral syndrome 116   64 (55)
Chronic pelvic pain 

(gynecologic patients)
365  288 (79)

Category IIIA-IIIB prostatitis 
(chronic pelvic pain 
syndrome)

44   37 (84)

Lower urinary tract symptoms
 Men 526   83 (16)
 Women 25    2 (24)
Acute bacterial cystitis 4     4 (100)
Detrusor instability 16    4 (25)
Radiation cystitis 9     9 (100)
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THERAPEUTIC OPTIONS

Overview

The inherent diffi culty in managing a disease of unknown etiol-
ogy characterized by chronic pain can produce a therapeutic 
nihilism, because there are few treatments that produce signifi -
cant benefi t for the majority of patients and little guidance for 
the physician or patient. Patient management is further compro-
mised by the lack of quality RCTs. The evidence base supporting 
various treatments for IC/PBS was summarized by the Interna-
tional Consultation for Incontinence (ICI).71 Oral and intravesi-
cal treatments commonly used are listed in Table 92-6, along 
with their associated level of evidence and grade of recommenda-
tion. The highest level of evidence comes from randomized clini-
cal trials and the lowest level from “expert opinion.” The highest 
grade of recommendation stems from consistent level 1 evidence 
(multiple RCTs or meta-analysis). These criteria follow the 
standards of the Oxford Centre for Evidence-Based Medicine 
(http://www.cebm.net).

These treatments are discussed in more detail in the following 
sections, along with neuromodulation techniques and surgical 
therapy. Although a common approach is to start with behavioral 
therapies, followed by oral treatment and then intravesical 
therapy, I prefer to give the patient signifi cant leeway in selecting 

the treatment that seems most appropriate to his or her individ-
ual situation; the ICI Committee recommendations are similar. 
Because there are no useful comparative trials that can be used 
to direct therapy for an individual patient, there is considerable 
room to individualize treatment. Oral therapy is simple and 
convenient; however, the patient must accept long-term treat-
ment and the attendant side effects. Intravesical therapy is 
invasive and produces considerable anxiety for many patients; 
this is balanced by the lack of systemic side effects as treatments 
are delivered directly to the bladder. The frequent trips to the 
doctor’s offi ce can be very inconvenient. However, many patients 
learn to self-administer treatments, providing a tremendous 
sense of control over the disease. The time required for a response 
to intravesical therapy is typically shorter than what may be seen 
with oral medications, and intravesical therapy is attractive if the 
diagnosis is in doubt. A clear response to intravesical therapy 
supports a diagnosis of IC/PBS as opposed to other causes of 
pelvic pain.

The hierarchy of goals in treating IC/PBS is as follows:

1. Relieve symptoms
2. Restore normal bladder function
3. Maintain response after withdrawal of treatment 

Too often, only the fi rst goal is addressed. The key to managing 
these cases is keeping the goal of normal bladder function in 
mind. The clinician should start with three pieces of information: 
the primary symptoms, a bladder diary with volumes, and a 
symptom score. These should be assessed at the outset of every 
new treatment and reassessed at an appropriate point during or 
after treatment. This, along with the presence or absence of side 
effects, informs the decision as to whether the treatment should 
be continued or abandoned and whether additional treatment is 
indicated. In many cases, a patient feels great relief after a par-
ticular course of therapy and has little interest in adding more 
treatment. The patient may not appreciate that there is room for 
further improvement, may be wary of potential adverse effects, 
or may simply not want to “rock the boat” after experiencing 
improvement. Regular use of the symptom scores can alert the 
clinician that the patient, although reporting a great response, 
still has signifi cant ongoing symptoms. In other cases, the 
symptom score is low but the bladder diary demonstrates that 
the functional capacity remains small. In such cases, true bladder 
rehabilitation has not been achieved, and ongoing treatment is 
indicated, even if its focus is limited to bladder training/behav-
ioral modifi cation. Normalization of bladder function—achiev-
ing a normal voiding pattern, normal capacity, and normal 
control without pain—should be the ultimate focus. If this can 
be achieved and maintained, then there is a realistic chance that 
treatment can be withdrawn successfully and the bladder will be 
rehabilitated. If bladder function is not normalized, it is unlikely 
that treatment can be withdrawn, regardless of the symptomatic 
success. A rule of thumb is that medication titration can begin 
after 6 months with no pain and normal functional bladder 
capacity.

Behavioral Therapies

Behavioral therapies include bladder training and various forms 
of behavioral modifi cation, including dietary restrictions, urinary 
alkalinization, fl uid management, relaxation/stress management, 
and so on. Although behavioral therapies have been almost uni-
formly recommended as being helpful and harmless, there has 

Table 92-6 Oral Therapy Level of Evidence*

Treatment
Level of 
Evidence

Grade of 
Recommendation

Amitriptyline  2 B
Cyclosporine  4 C
Analgesics  5 C
Hydroxyzine  1 D
Cimetidine  4 D
Methotrexate  4 D
Misoprostol  4 D
Montelukast  4 D
Nifedipine  4 D
Quercetin  4 D
Behavioral modifi cation  5 D
Dietary manipulation  5 D
IPD 1151T  4 N/A
Sodium pentosanpolysulfate  1 −C
Antibiotics  4 −C
L-Arginine −1 −A

There are several different systems of Levels of Evidence. For 
example the Oxford CEBM gives:

■  Level A: consistent Randomised Controlled Clinical Trial, 
Cohort Study, All or None, Clinical Decision Rule validated 
in different populations. 

■  Level B: consistent Retrospective Cohort, Exploratory 
Cohort, Ecological Study, Outcomes Research, Case-Control 
Study; or extrapolations from level A studies. 

■  Level C: Case-series Study or extrapolations from level B 
studies 

■  Level D: Expert opinion without explicit critical appraisal, or 
based on physiology, bench research or fi rst principles
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been almost no useful research into the true effi cacy of these 
treatments or the optimal way of delivering them. Bladder train-
ing was shown to be effective in at least two uncontrolled clinical 
studies72,73 and should be part of the prescription for almost all 
patients. The initial bladder diary is used to establish baseline 
function and set goals. The patient should practice delaying uri-
nation for 10 to 20 minutes after experiencing a normal urge, but 
not holding to the point that pain is induced. Many patients have 
too much pain to use bladder training initially. Other treatments 
and general pain management can be used initially, with bladder 
training added after adequate pain relief has been achieved. Basic 
science research showing that production of APF is inhibited by 
bladder distention (Chai 2000)43 suggests a mechanism by which 
bladder training might ultimately be instrumental in reversing 
the underlying pathophysiology of disease.

Dietary restriction has been recommended as a fi rst and essen-
tial step in managing all cases of IC/PBS. However, there is no 
good evidence to support the effi cacy of dietary management. 
The most common reported sensitivities are to “acidic” foods 
such as citrus and tomatoes, spicy foods, alcoholic beverages, and 
coffee/caffeine. Others have suggested that high-protein diets can 
induce pain through high urine urea concentrations, that food 
allergies stimulate the disease, and that additives such as dyes are 
the cause of pain. Indeed, a large proportion of these patients do 
report sensitivities to various foods, but there is no evidence that 
eating suspect foods leads to progression of disease or that restric-
tions improve the course of the disease. Therefore, the benefi t of 
any dietary management must be weighed against the diminished 
quality of life associated with dietary restriction. The so called 
“IC diet” eliminates an enormous number of foods and results 
in a bland, unattractive regimen that does not promote good 
overall health. Because many patients never identify any dietary 
items that provoke symptoms, the diet cannot be universally 
recommended except as a tool to aid in the search for potential 
sensitivities. After 1 to 2 weeks on the restricted diet, the patient 
can assess any improvement and then begin adding back foods 
to look for reactions. If sensitivities are identifi ed, the patient can 
reasonably weigh the increase in symptoms against the pleasure 
obtained from the particular menu item. Acid sensitivity can 
sometimes be managed by use of dietary supplements such as 
Prelief, various neutraceutical, and oral antacids. It is regrettable 
that many patients are forced to give up some of their favorite 
foods, such as tomato sauce, red wine, and spicy ethnic cuisines, 
due to sensitivities. It is tragic that others are forcefully instructed 
to give up such foods without ever experiencing any benefi t.

In the same way that dietary measures are recommended in a 
common-sense approach without substantive data, patients are 
often advised to drink more water to keep the pH higher and 
dilute irritating components. Some patients do respond favor-
ably, and some benefi t from urinary alkalinization. However, one 
randomized trial74 showed no difference in sensitivity between 
instillations of acidic urine and buffered urine. It would seem 
reasonable to examine the effect of urine alkalinization and 
increased free water critically for individual patients but to realize 
that, for many, this may only produce an increase in urinary 
frequency.

Stress management can be useful in most chronic pain condi-
tions. There is an accumulating body of evidence that the hypo-
thalamic-pituitary axis is abnormal in patients with pelvic pain 
and also in the spontaneously occurring feline cystitis model. 
Although there are no good clinical trials to support the effective-
ness of these therapies, it seems reasonable to consider counsel-

ing, yoga, meditation, and other techniques that might allow the 
patient to reduce stress and anxiety. General pelvic muscle relax-
ation employing biofeedback has been used successfully (see later 
discussion).

Oral Therapies

The mainstay of therapy for IC/PBS has been oral medications. 
As pointed out earlier, the level of evidence for almost all oral 
medical therapies is low. The most commonly recommended 
agents are PPS (Elmiron), hydroxyzine (Vistaril and Atarax), and 
amitriptyline (Elavil). Interestingly, a survey of practice patterns 
from the INGENIX database indicates that anticholinergic medi-
cations are actually the most commonly prescribed drugs for 
IC/PBS. Although it seems logical that medications designed to 
treat the frequency and urgency of overactive bladder might be 
effective for the frequency and urgency of IC/PBS, there is no 
evidence that this is true. Given that patients with overactive 
bladder are presumed to have IDCs as the source of the symp-
toms and that such fi ndings are uncommon in patients with IC/
PBS patients, one might even postulate that anticholinergic med-
ications could produce as much harm as good, by making it more 
diffi cult to empty the bladder. Antibiotics are similarly prescribed 
very commonly, but there is no good evidence that intensive 
therapy is benefi cial75 and “no evidence to suggest that antibiotics 
have a role in the treatment of IC in the absence of culture-
documented infection.”71 There are patients who clearly have 
recurrent bacterial cystitis but also suffer signifi cant bladder 
symptoms in the absence of infection. In such cases, a 3- to 
6-month course of antibiotic prophylaxis along with supportive 
therapy for the lower urinary tract symptoms would seem to be 
appropriate.

PPS is the only oral medication that is approved by the U.S. 
Food and Drug Administration (FDA) for treatment of IC. It is 
structurally similar to components of the urothelial GAG layer 
and is intended to repair a postulated GAG defect that allows 
toxic and infl ammatory components of the urine to diffuse back 
into the bladder. The recommended dose is 100 mg three times 
daily. Unlike most other medications, it has been examined in a 
number or RCTs of reasonable quality. The ICI committee con-
cluded that the evidence shows that PPS is ineffective in treat-
ment of IC/PBS with a C level recommendation. The results of 
the three placebo-controlled, randomized clinical trials are sum-
marized in Table 92-7. The results are reasonably consistent, with 
three of the four studies demonstrating effi cacy or a strong trend 
toward effi cacy for PPS over placebo. The overall utility is not 
great, with only about one third of patients responding, but the 
low response rate is balanced by a low incidence of side effects. 
In the RCTs, the overall incidence of adverse events with PPS was 
similar to that with placebo. Hair loss is an infrequent but poten-
tially distressing problem affecting 2% to 3% of patients. It can 
sometimes be managed by reducing the dose and is reversible 
when the drug is discontinued. Safety has been confi rmed in 
long-term, open-label continuation studies, and the benefi t 
obtained by responders appears to be durable.76,77 Van Ophoven 
and colleagues reported that patients with a minor response to 
PPS might see additional benefi t from the addition of subcutane-
ous heparin, also an analogue of the bladder GAG layer.78

PPS should be administered for a minimum of 3 and prefer-
ably 6 months before it is abandoned as ineffective. If a clear 
effect is seen, then the response can be cumulative and improve-
ment may continue gradually over 1 year or longer. It is therefore 
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critically important to establish baseline symptoms clearly and to 
defi ne the treatment plan at the outset of therapy, because many 
patients are confused as to whether to persist on medications, 
and some inappropriately continue the medication for years in 
the absence of any benefi t. In summary, PPS is a safe medication 
that offers a reasonable chance of improving the symptoms of 
IC/PBS, and it can be offered to those patients who are willing to 
commit to a fairly long course of therapy. It is, again, the only 
oral medication specifi cally approved by the FDA for IC/PBS and 
certainly should be offered to all patients at some point in their 
treatment. PPS was developed specifi cally to cure the proposed 
pathophysiology of IC. As such, clinical results with the drug 
have been quite disappointing. However, new research is provid-
ing insights into the pharmacology of the drug and may ulti-
mately lead to improved effi cacy. PPS is a heterogeneous mixture 
of molecules with varying sizes and charges. Only recently has a 
reliable laboratory assay been developed to track PPS excretion. 
Erickson and colleagues79 determined that the median urine 
PPS level in 34 patients with IC was 1.2 μg/mL (range, 0.5 to 
27.7 μg/mL) and that all PPS recovered from the urine patients 
with IC who were taking oral PPS comes only from the low-
molecular-weight fraction.79 In contrast, rabbit studies have 
shown that the high-molecular-weight fraction of PPS is recov-
ered in small amounts from urine after intravenous administra-
tion but not at all after oral administration. The authors concluded 
that the low-molecular-weight fraction has greater gastrointesti-
nal absorption and urine excretion. They speculated that IC 
patients with low PPS levels could have achieved better symptom 
relief if their PPS levels had been higher and that improved PPS 
bioavailability might come from using only the LMW fraction of 
PPS or by placing PPS into different vehicles. The same group 
went on to test this theory by attaching galactosyl residues to PPS 
to promote binding to the endogenous lectins in the bladder.80 
The hypothesis is that increased binding may improve effi cacy 
for treating IC. They were able to show that only 2% to 4% of 
PPS and heparin binds to the bladder but that this can be sub-
stantially increased by using lactose-PPS and lactose-heparin. In 
the future, clinical trials of modifi ed drugs may demonstrate 
improved effectiveness for IC than the parent compounds. 
Another group examined a different approach, putting PPS into 
a novel formulation with a lyotropic liquid and an absorption 
enhancer. The liquid converts to mucoadhesive gel with water. 
In a rat model, the absolute bioavailability increased from 1.9% 
at baseline to 46.4% with the new model. Again, the ultimate test 
is whether improved bioavailability will improve outcome, but 
the preliminary research is very promising.81

Amitriptyline and other tricyclic antidepressants have been 
commonly used in the treatment of IC/PBS as well as for a wide 
variety of other chronic pain syndromes. Although individual 
clinicians may have “favorite” drugs from this category, only 
amitriptyline has strong evidence to support its effi cacy. Several 
uncontrolled studies suggested that amitriptyline was effective 
for those patients who were able to tolerate it,82-84 although dis-
continuation of therapy due to adverse events was common. Van 
Ophoven78 reported a single-center RCT demonstrating a greater 
than 30% reduction in symptom score for 42% of patients treated 
with amitriptyline, compared with only 13% for those treated 
with placebo. Surprisingly, the dropout rate was only 1 of 25 in 
each arm of the study. A National Institutes of Health–sponsored 
clinical research group is investigating the use of amitriptyline in 
the treatment of newly diagnosed PBS.

Amitriptyline is typically started at either 10 or 25 mg taken 
nightly at bedtime and titrated up to a maximum of 75 mg as 
tolerated. The mechanism of action is not known, but it does not 
appear that the effect is due to treatment of an underlying mood 
disturbance; the dose used for depression is usually greater than 
150 mg. Most clinicians do not monitor blood levels when these 
lower doses are used. Amitriptyline has strong antihistaminic 
effects (see later discussion) and has central antinociceptive 
actions. The primary side effects are sedation along with other 
central nervous system problems, constipation, dry mouth, and 
weight gain. Palpitations and arrhythmias are associated with this 
class of medication, and the drug should be used cautiously, if at 
all, in patients with underlying cardiac rhythm disturbances. 
Careful, slow dose titration can provide an opportunity for 
patients to accommodate to the side effects and continue therapy. 
Sedation can be benefi cial for patients with problematic nocturia, 
and constipation can generally be prevented or easily managed 
if it is anticipated. Some patients respond favorably to very low 
doses of 10 to 20 mg but, I recommend continuing titration to 
side effects then dropping back to the comfortable dose. The goal, 
as always, is to get the most out of every treatment and to aim 
for not only relief of symptoms but normalization of bladder 
function. Once the optimal dose is determined, about 6 to 8 
weeks should be allowed to see a response before discontinuing 
treatment. It is safest to titrate down when discontinuing the 
drug, although this can be done more rapidly than when titrating 
up. Amitriptyline is a good choice for IC/PBS patients with 
pain as a predominant symptom, for those with bothersome 
nocturia, and, of course, for those with concomitant depression 
(although collaboration with a psychiatrist in choosing the dose 
is recommended).

Table 92-7 Results of Three Placebo-Controlled, Randomized Clinical Trials of Pentosanpolysulfate Sodium 
(PPS) for Treatment of Interstitial Cystitis

Author Year Design N Dosage Duration Outcome Measure Results

Holm-Bensten 1987 Double-blind, placebo, RCT 114 200 mg bid 4 mo
Mulholland 1990 Double-blind, placebo, RCT 110 100 mg tid 3 mo More than “slight 

improvement”
28% vs 13%

Parsons 1993 Double-blind, placebo, RCT 148 100 mg tid 50% Overall 
improvement

32% vs 16%

Sant 2003 2 × 2 with hydroxyzine and 
PPS

121 100 mg tid 34% vs 18%

RCT, randomized controlled trial.
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Hydroxyzine and other antihistamines are commonly used to 
treat IC/PBS, based on the theory that abnormal mast cell func-
tion is a key part of the disease pathophysiology. However, the 
quality of research and evidence to support the effectiveness of 
these drugs is lacking. Hydroxyzine has been touted as the most 
effective mast cell–stabilizing agent. It was reported to be effective 
in a series of IC patients selected because of associated problems 
with allergies85 but was not superior to placebo (31% versus 20%) 
in the one multicenter RCT that has been performed.86 Hydroxy-
zine is typically dosed at 50 mg every night and 25 mg during the 
day. Some patients respond to lower doses, and some physicians 
prescribe a single 75-mg dose to be taken at bedtime. Dose titra-
tion is usually employed, starting at 25 mg nightly. The most 
common side effect is sedation but nighttime dosing can convert 
this into an advantage for those patients with nocturia and/or 
diffi culty sleeping. Other side effects are generally mild. A 6- 
to 8-week course of therapy after full-dose titration is recom-
mended. Although there are anecdotal reports of success with 
diphenhydramine and with the selective (nonsedating) antihista-
mines, there is a paucity of data, and these agents should probably 
be reserved for patients who are intolerant of hydroxyzine. The 
histamine 2 blocker, cimetidine, has been reported to be effective 
in some uncontrolled studies, and one RCT comparing cimeti-
dine at 400 mg twice daily to placebo suggested that cimetidine 
was superior in reducing pain and frequency.87 Although more 
data are needed before the drug can be recommended routinely, 
it is a generally safe medication and does not cause sedation, so 
it might be useful if other antihistamines are not tolerated. It is 
particularly appropriate for the large group of IC patients with 
seasonal allergies, hay fever, and other atopic disorders. Cimeti-
dine can affect the metabolism of many other medications, and 
this needs to be considered, because many IC/PBS patients suffer 
from polypharmacy. When patients do have a complete response, 
they can often titrate the dose down, but it seems less likely that 
they will be able to completely stop therapy without experiencing 
a relapse.

As noted in the ICI report,71 many other oral medications have 
been used in treating IC/PBS. Nonsteroidal anti-infl ammatories, 
steroids, and other agents that modulate infl ammation, such as 
quercetin, montelukast, and misoprostol, have all been associated 
with anecdotal success. There is special interest in immune 
system–modulating agents, because it has been postulated that 
IC may have an autoimmune etiology. Small case series have been 
reported using prednisone and other agents, but a controlled 
study comparing cyclosporine to PPS has stimulated interest in 
this form of treatment.88 Sixty-four patients were recruited and 
were randomly assigned to receive either cyclosporine at 3 mg/kg 
(twice daily in divided dosing) or PPS 100 mg three times daily 
in an open-label study. Cyclosporine was clearly superior to PPS, 
with a clinical response rate (according to a patient global 
response assessment) of 75%, compared with 19% for PPS 
(P < .001) after 6 months of treatment. It should be noted that 
these were relatively severely affected patients; their mean 
symptom index was 16 out of 20, 15 of the 64 subjects had ulcers, 
and their mean age was 56.2 ± 14.7 years. The quality of the 
response was also impressive, with an increase in awake bladder 
capacity of 81 mL, a decrease in symptom score of 7.9 points 
from baseline 15.7, and a decrease in nocturia of 2.2 episodes 
from a baseline of 3.9—all clearly clinically meaningful changes. 
A previous uncontrolled series by the same author89 reported 
that 11 of 20 responders stopped taking their cyclosporine, but 
symptoms recurred within months in 9 of them. The primary 

toxicity of cyclosporine is hypertension and diminished renal 
function, so careful monitoring is required. All immunosuppres-
sive agents can potentially expose patients to opportunistic infec-
tions and even malignancies, but the risk is probably much less 
than in the transplant population, in whom multiple agents are 
used simultaneously. There is clearly a need for a great deal more 
work to confi rm and expand these results to other agents and 
even combination therapy. In the meantime, cyclosporine appears 
to be a reasonable treatment option for patients with refractory 
disease if regular follow-up and careful monitoring can be 
assured.

Intravesical Therapies

Intravesical therapy is an attractive option for the treatment of 
IC because of the opportunity to deliver therapy while minimiz-
ing side effects. Treatments are limited by patient discomfort, 
expense, and the relatively poor absorption of most drugs through 
the bladder. Nevertheless, intravesical therapy is an important 
part of the therapeutic armamentarium and still presents a great 
opportunity for further research. Intravesical therapy is preferred 
by some patients and is an important second-line tool for those 
who do not respond to oral agents.

Although many agents and combinations of drugs have been 
given in the bladder for IC/PBS, the only agent specifi cally FDA-
approved for intravesical therapy is dimethylsulfoxide, or DMSO 
(RIMSO-50). The mechanism of action of DMSO is unknown, 
although the drug has a number of properties that could be ben-
efi cial, including anti-infl ammatory, analgesic, muscle relaxation, 
and collagen dissolution. There has been little quality research on 
DMSO because it is an older drug and it also has a strong odor 
that makes blinding very diffi cult, if not impossible. Perez-
Marrero and colleagues90 performed a placebo-controlled, cross-
over study involving 33 patients. They found that 53% of 
DMSO-treated patients were markedly improved, compared 
with 18% of the placebo-treated patients. Of the DMSO group, 
93% had objective improvement, compared with 35% of the 
placebo group. Peeker and colleagues91 compared DMSO to 
bacillus Calmette-Guérin (BCG) in 21 patients using a crossover 
trial, fi nding some response to DMSO but none to BCG. However, 
this study was criticized for not allowing adequate time for BCG 
to take effect. Many other uncontrolled studies have suggested 
that more than 60% of patients with IC/PBS will respond to 
intravesical DMSO, although the relapse rate is high, perhaps up 
to 50% in the fi rst year. My colleagues and I typically use a cock-
tail of DMSO with alkalinized lidocaine and steroids, giving six 
weekly treatments. It seems reasonable to add steroids to the 
DMSO solution, because it is unlikely that they can be absorbed 
without DMSO. Patients are assessed with the use of symptom 
scores and voiding diaries. Those with objective and subjective 
responses then continue on monthly maintenance therapy and 
may be gradually titrated off therapy. It is common for patients 
to have a mild increase in symptoms during the fi rst two treat-
ments, and they should be counseled about this possibility. Most 
patients tolerate the treatments quite well; those who do not have 
usually been given “straight” DMSO instead of a “cocktail,” 
which reduces the initial pain, or they have been instructed to 
hold the solution for an extended period of time. Absorption of 
DMSO is rapid, and retaining the solution for 15 minutes is 
probably more than adequate.

Many other agents have been proposed for intravesical use. 
Heparin, PPS, and hyaluronic acid/sodium hyaluronate are all 
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GAG layer analogues that have been used with anecdotal success. 
However, two large controlled trials of sodium hyaluronate 
apparently showed no effi cacy,92 and no controlled studies have 
been done with the other agents. We typically use 20,000 units 
of heparin with alkalinized lidocaine administered daily to three 
times per week for patients who are intolerant of DMSO or who 
like the ability to gain symptom control with daily self-instilla-
tions. It is essential that the clinical utility of intravesical GAG 
therapy be carefully analyzed, because oral bioavailability of 
GAGs is poor. It is critically important to determine whether 
GAG therapy can actually be used to treat most patients with 
IC/PBS. At this time, essentially nothing is known about the 
optimal agent or combination of agents, the optimal dose or 
dosing schedule, or the long-term safety and effi cacy of treat-
ment. These questions are amenable to RCTs if a collaborative 
group with adequate funding would take up the challenge.

Most other intravesical therapies fall into the category of 
initial hope followed by disappointment. Intravesical BCG 
showed promise in a controlled pilot study93 and seemed to 
produce a durable response in a few patients.94 However, a mul-
ticenter randomized study conducted by the NIDDK research 
network did not confi rm the early work. A total of 265 patients 
were randomized to receive six weekly BCG instillations or saline 
instillation. The adjudicated response rates, based on the patient’s 
global response assessment plus medication usage, were 12% for 
placebo and 21% for BCG (P = .062). The primary reason for the 
observed difference in response rates was that 15 of the patients 
taking BCG reported being “markedly improved,” compared 
with only 5 of those taking placebo.95 Similarly, capsaicin and its 
ultrapotent analogue, resiniferatoxin (RTX), appeared to offer 
great promise in the laboratory and in uncontrolled pilot tri-
als,96-98 but RTX failed in a pivotal phase II study. A randomized, 
double-blind, placebo-controlled study was conducted in 163 
patients with IC; the participants were randomly assigned to 
receive a single intravesical dose of 50 mL of RTX at 0.01 μmol/L, 
0.05 μmol/L, or 0.10 μmol/L or placebo. At the primary end 
point, RTX did not improve overall symptoms, pain, urgency, 
frequency, nocturia, or average void volume during 12 weeks 
of follow-up. RTX resulted in a dose-dependent increase in 

the incidence of instillation pain but was otherwise generally 
well tolerated.99Both of these studies had a signifi cant effect on 
the IC research community in directing efforts away from these 
areas.

Currently, there has been interest in using botulinum toxin 
for IC/PBS, based on excellent results in patients with detrusor 
overactivity and the possibility of similar activity on sensory 
nerves. A small, uncontrolled pilot study included 13 patients in 
the United States and Poland who received either 100 or 200 
units of botulinum A toxin (BTX-A) or Dysport. Nine (69%) 
showed a subjective response, and there was no urinary retention. 
In contrast, Kuo100injected 10 IC patients with either 100 units 
into the detrusor or 100 units in the detrusor plus an additional 
100 units into the trigone. None of the patients was symptom 
free, and only limited improvements in bladder capacity and pain 
score were achieved in 2 patients. In this group, 7 of the 10 
patients had subjective emptying symptoms, although there was 
no overt retention. In my own experience, one woman required 
intermittent self-catheterization for 2 months after a single injec-
tion. Although there is ample scientifi c rationale to be interested 
in botulinum toxin for treating IC/PBS, the ICI group concluded 
that, “Botox cannot be recommended for clinical use outside of 
carefully controlled studies.”71

Physical Therapies

There is a clear clinical association between IC/PBS and muscular 
abnormalities of the pelvic fl oor.101 It is not clear whether the 
pelvic fl oor myofascial abnormalities are primary or secondary, 
but the presence of such physical fi ndings has encouraged a 
number of investigators to pursue pelvic fl oor physical therapies, 
including biofeedback, myofascial release, and trigger point 
injections. Vaginal and anorectal biofeedback therapy has some-
times shown benefi cial effect,102 but the current focus is on active 
internal physical therapy aimed at specifi c trigger points. Most 
preliminary studies have been very positive (Table 92-8). The 
NIDDK clinical trials group is currently preparing a controlled 
feasibility study to further investigate the possibility of using 
PT in men and women with PBS/IC and chronic pelvic pain. 

Table 92-8 Published Effectiveness of Transvaginal Manual Physical Therapy (PT) for Painful Bladder Syndrome

Author & Year Subjects & Intervention Success Rate How Determined

Weiss, 2002* 52 with IC or urgency/frequency, 
treated with manual PT to pelvic 
fl oor weekly for 8-12 wk

70% of IC patients and 83% 
of urgency/frequency 
patients had moderate to 
marked improvement

Subjective rating of percent 
improvement over baseline

Lukban, 2001 
(abstract only, 
Whitmore group)

16 female IC with high-tone pelvic 
fl oor dysfunction and sacroiliac (SI) 
dysfunction treated with manual 
PT of SI joints, hip girdle, and 
pelvic fl oor for 2-15 visits

“94% improvement” in 
Oswestry disability score, 
symptom score; mean ICSI 
fell from 16 to 8

Modifi ed Oswestry disability 
index, symptom scores, 
ICSI. 

Oyama, 2004 21 female IC with high-tone pelvic 
fl oor dysfunction, treated with 
transvaginal Thiele massage† twice 
weekly for 5 wk

Overall rate not reported. ICSI/ICPI decreased from 9 to 
7; urgency VAS decreased 
from 4 to 3; pain VAS 
decreased from 5 to 3

*The methods reported by Weiss are typical of most pelvic fl oor physical therapists working in this fi eld.
†Thiele massage does not require advanced pelvic fl oor PT training.
IC, interstitial cystitis; ICPI, IC problem index; ICSI, IC symptoms index; VAS, visual analogue score.
Data courtesy of MaryPat FitzGerald.
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Physical therapy presents a very promising avenue for alleviation 
of symptoms in patients with chronic pelvic pain. A great deal of 
research is needed to confi rm initial results, to refi ne patient 
selection, and to determine the optimal and necessary treatment 
regimen. At this time, there is a severe shortage of qualifi ed physi-
cal therapists with interest and expertise in pelvic pain. Only by 
proving the effi cacy of the treatment can more therapists be 
attracted to the fi eld.

Nerve Stimulation

Neuromodulation is the most promising new avenue for treat-
ment of refractory IC, and several different techniques are under 
active investigation. Sacral neuromodulation is clearly the best 
established treatment modality. Although it has not been for-
mally studied for IC, the Medtronic InterStim device has been 
approved by the FDA for urinary urgency and frequency since 
1997, and many IC patients have benefi ted from implants. Maher 
and coauthors103 fi rst reported on the use of the device in 15 
patients with IC. The patients were older (mean, 62 years) and 
had a dramatic acute response, with 73% going on to receive a 
permanent implant. Mean bladder pain decreased from 8.9 to 2.4 
on a 10-point scale, and mean voided volume increased from 90 
to 143 mL. Similar improvements were seen in bladder diary and 
symptom scores. Results of chronic stimulation were not 
reported. Comiter104 described the results in 25 IC patients (mean 
age, 47 years) who had a trial of percutaneous nerve stimulation 
or a staged technique. Seventeen (68%) were successful and went 
on to a permanent implant. Success was much higher with the 
staged technique (13 of 15 patients) than with the percutaneous 
evaluation (4 of 10 patients). Striking improvement was seen in 
symptom scores, pain, and bladder diary variables. Peters105 also 
compared the standard percutaneous approach to the new staged 
implantation technique with similar conclusions. In a separate 
report, Peters106 examined the results of sacral neuromodulation 
for IC after 6 months. Moderate or marked improvement in pain 
was reported by 20 of 21 patients, and 4 of 18 became free of 
narcotics. For those taking narcotics at the outset, the morphine 
dose equivalent decreased from 82 to 52 mg/day. There is a great 
need to determine the durability of sacral neuromodulation in 
the IC population and to identify optimal candidates. I recom-
mend patients who have primary urge-frequency and adequate 
bladder capacity under anesthesia for this therapy, but better data 
would be welcome.

Other forms of nerve stimulation have not been as impressive. 
Posterior tibial stimulation was ineffective in 14 patients with 
refractory IC,107 and a randomized study of transdermal pulsed 
laser therapy to the posterior tibial nerve showed no difference 
between active and sham devices in the treatment of IC.108 An 
exciting technology under development is pudendal nerve stimu-
lation. Although no device is yet approved for this use, Peters105 
conducted a randomized trial in which 30 patients underwent 
simultaneous placement of electrodes at S3 and the pudendal 
nerve. Twenty-four (80%) of the subjects responded and had a 
permanent implant placed. The pudendal nerve was chosen as a 
superior lead in 79.2%; the sacral site was superior in 20.8%. The 
order in which the leads were simulated had no impact on the 
fi nal lead implanted, and no carryover effect was seen. Overall 
reduction in symptoms was 63% for the peripheral nervous 
system and 46% for the sympathetic nervous system (P = .02). 
This is particularly exciting work, because devices are being tested 
that could be placed percutaneously in an offi ce setting.

Surgical Therapies

Surgery is often employed early in the management of IC/PBS; 
traditionally, bladder distention has been the fi rst treatment most 
IC patients experience, with the “diagnosis” of IC made by cys-
toscopy, distention, and biopsy. However, as discussed earlier, 
the role of cystoscopy in the diagnosis of IC is undergoing a 
major reevaluation; this, in turn, forces bladder distention to be 
considered more on its own merits as an IC treatment. Overall, 
it appears that bladder distention is a marginally effective therapy. 
Although the quality of reporting is generally poor and domi-
nated by retrospective, highly selected case series, there is general 
agreement that hydrodistention has a modest and transient value 
in the treatment of IC/PBS symptoms, with 20% to 60% of 
patients experiencing partial or complete resolution of symp-
toms, almost always for less than 6 months.79,109-111 Because 
bladder distention is the most expensive and invasive of the 
primary IC treatments, it seems reasonable to employ it selec-
tively rather than universally.

I recommend selecting patients for distention who either are 
more likely to benefi t from the procedure or may benefi t from 
the diagnostic and prognostic information obtained. There is 
weak evidence that patients with a large bladder capacity under 
anesthesia (>600 mL) are less likely to respond to distention.109 
Although functional bladder capacity by voiding diary correlates 
poorly with bladder capacity under anesthesia, some patients 
with IC symptoms have fairly normal maximum void volumes 
on diary (>250 mL). These patients seem to be more likely to 
have a large capacity under anesthesia and are therefore less likely 
to benefi t from the procedure. In addition, it is probable that 
these patients might be adequately assessed by offi ce cystoscopy 
when an evaluation is required for hematuria or some other 
reason. Patients with very small capacities on void diary 
(<150 mL) are less likely to tolerate offi ce cystoscopy and some-
what more likely to benefi t from a bladder distention. Bladder 
distention allows the clinician to stratify the fi ndings, giving 
some objective sense of severity of disease. Although one cannot 
say that the objective fi ndings directly correlate with prognosis 
in an individual patient, they do allow for identifi cation of a 
subgroup of patients with severe disease that might be treated 
more aggressively and provide some reassurance for those with 
clearly normal bladder capacity under anesthesia.

Regarding the technique of distention, the critical issues are 
to adequately characterize the baseline cystoscopy, the fi ndings 
on distention, and the bladder capacity under anesthesia. Our 
method is delineated as follows, but it is most important that the 
clinician be internally consistent in technique.

1. The distention should be performed with the patient under 
a deep general or regional anesthesia. Local anesthesia and 
sedation do not allow for a full therapeutic distention. The 
patient experiences the trauma of the procedure without 
the potential benefi t.

2. The entire urothelium is carefully visualized before disten-
tion. Abnormalities present at this time usually represent 
ulcers that will crack and tear during distention. If abnor-
mal areas are seen, bladder wash cytology and bladder 
biopsies should be obtained.

3. We distend the bladder for 7 minutes under direct vision 
at 80 cm H2O pressure. In women, digital pressure at the 
bladder neck may be required to prevent leakage around 
the cystoscope, which would both produce inaccurate 
information about the bladder capacity and lessen the 
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potential therapeutic impact of the procedure. Linear 
cracking seen during distention after an initially normal 
cystoscopy is an intermediate-level fi nding indicating more 
severe disease with loss of elasticity.

4. The bladder is then drained. At least the fi rst part of the 
drainage procedure should be done under direct vision 
through the side port of the cystoscope. Capillary bleeding 
(glomerulation) may be dramatic but transient and is best 
seen during the drainage. If possible, photographs taken 
sequentially during this time help to document the fi ndings 
for future reference and provide validating information for 
the patient. The cystoscopic fl uid is collected and mea-
sured. Terminal hematuria is subjectively graded.

5. If any lesions were seen on the initial cystoscopy, they are 
biopsied at this time. Ulcers should be completely fulgu-
rated, because this may provide the patient a dramatic 
response with relief of pain. The value of biopsy when the 
initial cystoscopy is normal is unclear. Many clinicians 
prefer to look for detrusor mastocytosis and to treat such 
patients aggressively with antihistamines. Patients often 
appreciate the objective data removing the fear of cancer. 
On the other hand, biopsy adds trauma and risk of com-
plication and has not been shown to affect outcome.

6. A complete report of the procedure includes the baseline 
fi ndings, the fi ndings during distention, subjective grading 
of glomerulations and terminal hematuria, and the bladder 
capacity under anesthesia.

Although the role of cystoscopy and bladder distention has 
been markedly diminished, it is still an important procedure with 
some diagnostic, prognostic, and therapeutic value. It does not 
need to be the initial procedure or treatment, but it should always 
be performed if the picture is confusing or there is no response 
to standard treatments.

Special attention is directed to the treatment of ulcers. As 
mentioned earlier, patients with ulcers often respond dramati-
cally to a variety of local treatments; in fact, Hunner advocated 
partial cystectomy in such cases.1 One danger related to the 
declining role of cystoscopy in the diagnosis of IC is the possibil-
ity of overlooking this group of patients, who actually have an 
excellent prognosis for at least intermediate- to long-term pain 
relief. Almost all reports agree that complete treatment of ulcers 
by any of a variety of techniques (partial cystectomy, endoscopic 
resection, cauterization) produces almost uniform pain relief. 
Laser treatment without distention has been advocated for ulcer 
patients, with 13 of 24 subjects having a mean response duration 
of 19 months after only a single treatment.112 I agree that 
ulcer treatment can be performed without distention, but I 
have not seen any advantage in using the laser over standard 
electrocautery.

Despite the wide variety of treatment options already dis-
cussed, a substantial minority of IC patients suffer from severe 
frequency and debilitating pain that is refractory to all therapy. 
Many are disabled by their disease. These patients are candidates 
for radical surgery. As with other IC treatments, the options are 
myriad and confusing, and the data to support any particular 
treatment are suspect. Reasonable minimum requirements for 
considering radical surgery include the following:

1. An adequate trial of all standard IC treatments and appro-
priate secondary therapies

2. A concerted effort at pain management, ideally by a spe-
cialist in the fi eld

3. Realistic understanding of the nature of the surgical pro-
cedure, the risks of the procedure itself, and the possibility 
that pain may persist even after diversion or complete 
cystectomy

There is a general sense that patients with objectively severe 
disease (reduced capacity under anesthesia) are better candidates 
for surgery. A capacity of less than 350 mL clearly represents a 
major (and possibly irreversible) change in the bladder. The 
bladder has lost elasticity and may become progressively fi brotic. 
If sequential hydrodistentions demonstrate progressive loss of 
capacity, the picture is even more ominous. Very low capacity 
can be associated with hydronephrosis, refl ux, and intractable 
frequency and/or pain. Even as new treatments for IC are devel-
oped, it is not clear that these bladders can be salvaged. If the 
bladder capacity is greater than 600 mL under anesthesia, the 
patient clearly has the potential for complete rehabilitation, and 
radical surgery should be approached with trepidation. Although 
the published literature lacks adequate detail and power, there 
is a strong suggestion that a bladder capacity of less than 350 mL 
is a predictor for success with surgery. If a surgical approach is 
chosen, there are a number of options. Some of the published 
data on the various operations are reviewed in Table 92-9. These 
approaches are briefl y reviewed here, with the key decision 
making factors for each.

1. Supratrigonal cystectomy and augmentation: For a period of 
time, this procedure was considered standard treatment for 
severe IC, and there is much more data about it than about 
other operations. Most of the early enthusiasm has waned, 
despite good published results. The primary advantage of 
this approach is simplicity, because there is no need for 
ureteral reimplantation. Risks include the development of 
urinary retention and ureteral refl ux. Patients should be 
willing to accept self-catheterization, because the develop-
ment of retention is unpredictable.

2. Conduit diversion with or without cystectomy: I consider 
conduit urinary diversion to be the standard surgical treat-
ment for patients with refractory IC. The patients can be 
assured of relief of urinary frequency. Pain relief should be 
at least as high as with any other surgical therapy, and the 
risk of recurrent symptoms may be the lowest. It is proba-
ble that mere diversion of the urine will produce adequate 
pain relief in most cases; cystectomy is not routinely 
required. Some surgeons believe that the diseased organ 
must be removed to prevent other local complications.113 
The negative aspects of conduit diversion include problems 
related to the stoma (e.g., skin complications, hernia for-
mation) and the altered body image.

3. Total cystectomy and neobladder: The primary alternative 
to conduit diversion is total cystectomy plus neobladder. 
The obvious advantage is the possibility of a completely 
normal lifestyle—normal voiding and a normal body 
image. On the other hand, this operation is technically 
more demanding; cystectomy is required and must be care-
fully performed to provide an appropriate fi eld for the 
neobladder. The short-term complications of the proce-
dure are therefore higher than with a conduit. The long-
term complications are probably less, except for the 
possibility of recurrent pain. It has been theorized that 
contact between IC urine and intestine can lead to disease 
in the intestinal segment; this is not well supported by data, 
but if it is true, the contact time is much greater with a 
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continent form of diversion than with a conduit. As with 
supratrigonal cystectomy and augmentation, this form of 
reconstruction must be strictly limited to patients who are 
willing to perform self-intermittent catheterization. I have 
performed six neobladder operations in women with IC 
and contracted bladders. Five of the six are continent and 
pain free but have to self-catheterize three to six times per 
day due to incomplete voiding. The other patient devel-
oped persistent pain and stress incontinence very early in 
the postoperative period.

4. Continent diversion with or without cystectomy: Continent 
urinary diversion is the most complex reconstructive pro-
cedure and has the highest complication rate. The catheter-
izable stoma requires revision due to problems with 
catheterization or incontinence in approximately 20% to 
30% of patients. The procedure is primarily indicated for 
the patient who seeks a more normal body image, without 
an external appliance, but is not able to perform self-
catheterization (due to urethral pain). The same issue as 
to whether a cystectomy should be performed applies as 
with a conduit diversion.

In summary, radical surgical procedures offer tremendous 
relief to a small subset of IC patients with severe, refractory 
disease. These patients must be carefully screened in order to 
select those with the highest likelihood of benefi t. There is no 
clear “best” reconstructive procedure, so the decision must be 
made based on individual patient preferences and the judgment 
of the surgeon.

Pain Management

Not all patients with IC complain of pain. Some describe an 
uncomfortable “pressure” in the bladder that generates urinary 
frequency while denying any “pain.” Nonetheless, most IC 
patients suffer from some degree of pain, and for many the pain 
is debilitating. Given that IC is not a curable disease at the current 
time, pain control becomes a legitimate and important goal in 
and of itself. Nevertheless, pain management tends to be poorly 
handled in IC (as in many chronic diseases) for a variety of 
reasons, some legitimate and some not. The impediments to 
proper pain control and strategies for improving pain manage-
ment in IC/PBS are discussed in this section.

Physicians are often reluctant to prescribe pain medication to 
IC patients. In contrast, most physicians feel comfortable pre-
scribing pain medication to their postsurgical patients. This 
simple dichotomy highlights some of the important issues about 
pain in IC. Surgeons are trained in the management of acute 
pain. They understand the disease process, the expected course, 
and the range of responses that might be expected with various 
medications. Still, postoperative pain is often undertreated due 
to individual variation. Surgeons are much less comfortable 
treating chronic pain. Even when the disease process is under-
stood, there is a reluctance to use adequate doses of chronic 
analgesics; this is in large part due to a lack of training and rela-
tively limited exposure to this type of patient. The IC patient faces 
an even greater hurdle, the hurdle of “invisible disease.” In our 
current state of knowledge, IC is a diagnosis of exclusion, raising 
the specter of the patient as a malingerer and/or drug seeker. This 
is relevant because urologists have long been the target of such 
behavior, in the guise of the recurrent stone patient. Suspicion of 
motive, uncertainty of diagnosis, and a feeling of inadequacy can 

interfere with the physician’s role. Finally, although lip service is 
paid to the importance of adequate pain control, physicians con-
tinue to see colleagues cited for improper prescription of con-
trolled substances. Lawsuits have been fi led for inadequate pain 
treatment but also for contributing to addiction. Many states 
place signifi cant additional burdens on providers of common 
therapeutic narcotics.

At the same time, we must acknowledge that treatment of 
acute pain in IC is quite diffi cult. Narcotics and nonsteroidal 
medications are often ineffective. It is therefore incumbent on 
the patient to try and address the issue of pain control proac-
tively. In many instances, the “best” arrangement is for the patient 
to be referred to a pain specialist, typically an anesthesiologist or 
oncologist skilled in the evaluation and management of chronic 
pain. In this setting, the urologist continues to work with the 
patient with standard bladder treatments while the pain specialist 
uses alternative approaches. In the best of cases, this involves 
multimodality therapy, including narcotic and non-narcotic 
analgesics, physical therapy, and psychological counseling, nerve 
blocks, and so on.

Some of the principles used in working with chronic pain are 
as follows.

1. Long-acting narcotics are preferable to short-acting nar-
cotics. The dose of the long-acting drug is titrated up to a 
satisfactory level, and the patient is given a small amount 
of short-acting medication for breakthrough pain.

2. Combination medical therapy is usually superior to nar-
cotics alone. Nonsteroidal anti-infl ammatory medications, 
tricyclic antidepressants, and a wide variety of novel medi-
cations (often anticonvulsants) can be used to achieve a 
synergistic response.

3. Analgesic medications should be tied to concrete, func-
tional outcomes. It is unlikely that a medication will 
provide complete resolution of the problem. Objective 
improvements can be assessed in any of a variety of role 
functions (e.g., work, home, sexual) as well as in urinary 
frequency and pain control.

The most important principle is for the physician to care for 
the patient as a family member, using all diagnostic skill, all rea-
sonable therapeutic modalities, and the utmost compassion.

CONCLUSIONS

IC presents a formidable challenge to the urologist. The disease 
continues to create diagnostic problems and to defy the develop-
ment of universally effective therapy. Although it is easy for the 
clinician and patient to become frustrated, most patients can 
achieve substantial amelioration of their symptoms over time.

Teamwork is required in the management of IC, more so than 
in almost any other disease faced by the urologist. The clinician 
must respect the integrity of the patient and the burden faced by 
those living with “invisible disease.” The patient must actively 
participate in seeking effective therapy. Although it is always 
reasonable to hope for a cure, realistic goals must be set with an 
aim to maximizing function.

If behavioral techniques such as dietary modifi cation, stress 
reduction, and bladder training fail to control the symptoms of 
IC, medical treatment is indicated. First-line therapies include 
bladder distention, DMSO bladder instillations, PPS, amitripty-
line, and hydroxyzine. Most patients respond to one of these 
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treatments. New treatments being investigated for refractory 
disease include instillations of BCG and hyaluronic acid and 
sacral nerve stimulation. The role of therapy directed at the pelvic 
fl oor muscles (myofascial release and biofeedback) is also being 
defi ned. Pain management is an underutilized tool for a disease 
in which daily pain is a common symptom. A multidisciplinary 
approach using the skills of a urologist, a physical therapist, and 
a pain specialist can produce excellent results. Ultimately, a small 
percentage of patients will go on to radical surgical treatment. 
Limited evidence suggests that those with a low bladder capacity 

under anesthesia (<350 mL) do especially well with surgery, 
although the optimal method of urinary tract reconstruction has 
not been established.

High-quality RCTs are desperately needed in the study 
of IC. Only through this type of research will we be able to 
make progress in discovering which therapies work for which 
patients and to counsel patients accordingly. Clinicians are 
encouraged to work together to develop clinical protocols, and 
patients are urged to participate in research studies whenever 
possible.
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Chapter 93

EPIDEMIOLOGY OF INCONTINENCE AND 
VOIDING DYSFUNCTION IN THE ELDERLY
Virgilio G. Petero, Jr., and Ananias C. Diokno

The understanding of epidemiology—the study of the distribu-
tion and determinants of disease—is critical in the search for the 
risk and protective factors that lead to primary or secondary 
disease prevention. This is especially true of urinary incontinence 
and voiding dysfunction, conditions that are multifactorial in 
origin. Although there is still a major gap in our knowledge about 
the issues involved in the epidemiology of these conditions, there 
has been a signifi cant advance in the procurement of epidemio-
logic information in many parts of the world. This new-found 
enthusiasm led to the to the realization that urinary incontinence 
and voiding dysfunction are highly prevalent and that the conse-
quences can be devastating for the affl icted women and have a 
tremendous impact on the nation’s health care system. Largely 
because of these research initiatives, treatment and preventive 
strategies have emerged.

This chapter addresses the epidemiology of incontinence and 
voiding dysfunction. Although these conditions affect women 
of all ages, they are generally considered health concerns of the 
older age group. This review places special emphasis on elderly 
women.

URINARY INCONTINENCE

The International Continence Society defi nes incontinence as “the 
complaint of any involuntary leakage of urine.”1 The prevalence 
of urinary incontinence is defi ned as the probability of inconti-
nence within a defi ned population group within a specifi ed time 
period. The concept is important for establishing the distribution 
of the condition in the population and for projecting the need 
for health and medical services. The prevalence of all cases of 
urinary incontinence is estimated as the ratio of the number of 

incontinence respondents identifi ed in a cross-sectional survey 
of continent and incontinent subjects. The prevalence of specifi c 
types and severity levels is estimated in an analogous manner. 
Any studies on the epidemiology of incontinence and voiding 
dysfunction or any condition or disease depend signifi cantly on 
the defi nition of the condition and on the method used to obtain 
the information. The lack of a uniform defi nition of urinary 
incontinence is a fundamental problem in assessing and compar-
ing the fi ndings in different studies.

Prevalence of Urinary Incontinence in the Community

The pioneering studies on the prevalence of incontinence were 
done in Europe and mainly included subjects living in the com-
munity. From these early investigations, it was established that 
urinary incontinence is much more prevalent among the elderly 
than in any other age group living in the community. The senti-
nel paper published in 19682 was followed by a comprehensive 
study by Thomas and colleagues3 in 1980. The group carried out 
a postal survey of two London boroughs and assessed 22,430 
female subjects 5 years old or older. The survey team defi ned 
regular incontinence as two or more episodes of urinary incon-
tinence occurring in the past month, whereas occasional incon-
tinence was defi ned as less than two incontinence episodes per 
month. The group reported the prevalence of incontinence in all 
age groups (5 to more than 85 years) to be 8.5%. The prevalence 
rates of urinary incontinence in the different age groups are 
shown in Table 93-1.

When incontinence was correlated with previous pregnancy 
and with the number of pregnancies, nulliparous women were 
found to have a lower prevalence than those who had one 
or more babies. The number of pregnancies did not make any 
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Table 93-1 Prevalence of Urinary Incontinence in Women Living in London

Age Group (Years) Regular Urinary Incontinence (%) Occasional Urinary Incontinence (%)

 5-14  5.1 11.2
15-24  4.0 11.9
25-34  5.5 20.0
35-44 10.2 20.7
45-54 11.8 21.9
55-64 11.9 18.6
65-74  8.8 14.6
75-84 16.0 13.6
≥85 16.2 16.2
Total 16.6  8.5

From Thomas TM, Plymat KR, Blannin J, et al: Prevalence of urinary incontinence. BMJ 281:1243, 1980.
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difference among the incontinent respondents, except those in 
the 45- to 54-year age group, in which those who had had four 
or more babies were most likely to report regular incontinence. 
Incontinence was also reported to be moderate or severe in 
approximately 20% of the respondents, of whom less than one 
third received health or social services for the condition.

A European epidemiologic study was conducted by Hunskaar 
and coworkers4 in four countries. Based on a mail survey of 
29,000 households representing the general population of adult 
women 18 years or older (mean, 46.3 years) and on incontinence 
defi ned as any leakage or involuntary loss of urine during the 
preceding 30 days, the group reported the prevalence of inconti-
nence to be 15% for women in Spain, 32% in France, 32% in the 
United Kingdom, and 34% in Germany. The survey also deter-
mined the type of incontinence. Stress urinary incontinence symp-
toms were defi ned as a leak or loss of urine caused by sneezing, 
coughing, exercising, lifting, or physical activity. Urge urinary 
incontinence symptoms were defi ned as an urge to urinate but 
being unable to reach the toilet before leaking or having a strong 
sudden urge to go to the toilet to urinate with no advance 
warning. Mixed urinary incontinence symptoms were defi ned as 
at least one stress and one urge symptom. Among the adult 
women in four countries, stress (37%) and mixed (33%) types 
were shown to be more predominant than urge incontinence 
(20%) and other (10%) types. In the subpopulation of women 
60 years old or older, the mixed type predominates (41%), fol-
lowed by stress incontinence (31%), urge incontinence (22%), 
and other types (6%).

The prevalence of any type of urinary incontinence by age 
shows an intriguing pattern. A survey of Norwegian women 20 
years old or older found a gradual increase of prevalence across 
adulthood until age 50, when the prevalence reaches 30%, and 
then a stabilization or even slight decrease until age 70, when 
prevalence starts increasing again. The severity of incontinence 
also increases regardless of the type of incontinence with advanc-
ing age (Fig. 93-1).5

In the United States, the fi rst comprehensive epidemiologic 
study on urinary incontinence in the elderly living in the com-

munity was the Medical Epidemiologic and Social Aspect of 
Aging (MESA) survey, which was conducted in 1983 in Washt-
enaw County, Michigan, by Diokno and colleagues.6 This was a 
cross-sectional and longitudinal study of elderly respondents 60 
years old or older sponsored by National Institute of Aging. A 
multistage stratifi ed area probability sample of the Washtenaw 
County identifi ed 13,912 households that were screened by 
household interviewers to identify households containing one or 
more persons 60 years old or older. The prevalence of urinary 
incontinence among all women 60 years old or older interviewed 
was 38%. The severity of urinary incontinence was analyzed 
according to the quantity of urine loss per day and the frequency 
of urine loss in 365 days (Table 93-2). The clinical type of urinary 
incontinence was also detailed in the MESA study. The result 
showed the mixed type of incontinence was the most prevalent, 
involving 55% of the incontinent responders, followed by stress 
(27%), urge (9%), and the other category (9%).

A more recent epidemiologic study in the United States was 
reported by Kinchen and associates7 in 2002. The team con-
ducted a national, cross-sectional, mailed survey of 45,000 house-
holds to determine the prevalence of urinary incontinence in 
adult women 18 years old or older. Among the 24,443 female 
respondents, 37% reported urinary incontinence in the past 30 
days. The type of incontinence also depicts a higher prevalence 
rate for mixed (45%) and stress (41%) incontinence than for urge 
incontinence (12%). Age of onset differs by the type of inconti-
nence. The median age of women was 48 years old for those 
reporting stress incontinence, 55 years for mixed incontinence, 
and 61 years for urge incontinence.7

In Asia, an epidemiologic study (cross-sectional, mailed 
survey) was done by the Asian Society for Female Urology (ASFU) 
to determine prevalence of overactive bladder symptoms and 
incontinence in 11 Asian countries.8 The questionnaire used to 
establish the prevalence of incontinence, however, was different 
from the American and European surveys in that it was more 
focused on urge incontinence than on any type of incontinence. 
The prevalence of urinary incontinence ranged from 17% for 
Thailand and 13% for the Philippines to 4% for Singapore and 
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Figure 93-1 Prevalence of urinary incontinence 
by age group and severity in the Norwegian 
EPINCONT study. (From Hannestad YS, 
Rortveit G, Sandvik H, et al: A community-based 
epidemiological survey of female urinary 
incontinence: The Norwegian EPINCONT 
study. J Clin Epidemiol 53:1150-1157, 2000.)
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China. The Asian survey also reported a much higher prevalence 
of mixed incontinence of 64%, with urge incontinence at 23% 
and stress incontinence at 13%.

The discrepancy between the prevalence rates of incontinence 
in Europe, America, and Asia may be attributed to the study 
methods and questions used. It is also possible that these differ-
ences refl ected cultural variations, race, and ethnicity.

Prevalence of Urinary Incontinence in Institutions

The prevalence of urinary incontinence is much higher among 
institutionalized women. A survey sponsored by the United 
States Department of Health, Education, and Welfare about 
long-term facilities reported that 55% of patients surveyed had 
some problems with urinary control and that an additional 5% 
of patients were using a catheter or some collecting device.9 Simi-
larly, the National Nursing Home Survey sponsored by the 
National Center for Health Statistics confi rmed the prevalence of 
incontinence of 50% among the more than 1.5 million nursing 
home facility residents in the United States.10 Willington11 esti-
mated that 30% of unselected elderly admissions have urinary 
incontinence. 

Some studies suggest institutional prevalence ranges between 
6% and 72%.12 Several reviews from around the world, some of 
which sample of institutions rather than individual institutions, 
suggests a prevalence of 50% or higher.13-20 The range of preva-
lence in institutions is probably a consequence of the defi nition 
of urinary incontinence and criteria for admission to residential 
care, which vary within countries and among facilities.21 The 
process that results in the relatively high prevalence of urinary 
incontinence in residential care facilities remains unclear. Thom 
and colleagues22 reported that the relative risk of admission to a 
nursing home was two times greater for incontinent women after 
adjustments for age, cohort factors, and comorbid conditions. 
These fi ndings suggest that incontinence may contribute to 
institutionalization. However, an alternative explanation of resi-
dential care contributing in some way to the development of 
incontinence cannot be excluded with confi dence.

Racial and Ethnic Differences

Most epidemiologic studies of urinary incontinence have been 
conducted on white populations. The data available on black 
women indicate that they are less susceptible to urinary inconti-
nence than white women.23 However, in those who were incon-
tinent, the severity was not signifi cantly different between the two 
racial groups.23,24

It was suggested that black and white women have different 
factors promoting urinary incontinence.25 The clinical data in the 
United States indicate that black women have higher urethral 
closure pressure, larger urethral volume, and greater vesical 
mobility compared with white women.26 This difference in physi-
ologic subtypes was supported by data confi rming a signifi cant 
difference in the predominance of stress incontinence in white 
women.27 Black South African women rarely develop stress 
incontinence and the related disorder of pelvic fl oor prolapse, at 
a rate 80 times lower than whites.28 Later studies later attempted 
to explain these observations as a function of different urethral 
pressures and lengths and pubococcygeal muscle strength.29,30

The prevalence of urinary incontinence among the Hispanic 
women 65 years old or older in the United States is lower than 
the general population. Using a methodology similar to the 
MESA study, Espino and coworkers31 reported a prevalence rate 
of 15%. Similarly, mixed incontinence predominates at a rate of 
42%, urge at 33%, and stress incontinence at 10%.

Incidence and Remission Rates

The incidence of urinary incontinence is the probability of 
becoming incontinent during a defi ned period of time. The 
concept is helpful in determining the onset and in understanding 
the risk factors for the condition. There are few epidemiologic 
data on the development or natural history of urinary inconti-
nence and its transition to various levels of severity and type of 
incontinence. Campbell and associates32 reported an incidence 
rate of incontinence among women 65 years old or older in New 
Zealand to be about 10% in a 3-year period. Moller and col-
leagues33 and Samuelsson and coworkers34 reported an incidence 
of 6% and 3% in young and middle-aged women, respectively. 
During the 5-year follow-up, the annual incidence was 2.9%, 
with severe incontinence at occurring at a rate of 0.5%. The 
remission rate (i.e., women who were incontinent at baseline and 
became incontinent at the end of study) was 5.9%.

In the MESA survey, the incidence of elderly women who were 
continent at the initial baseline interview and became inconti-
nent a year later (i.e., second interview) was 22.4%. The incidence 
at the third interview of respondents who were still continent 
during the second interview was 20.2%. The remission rate 
during the second interview was 11.2%. Similarly, 13.3% of the 
incontinent respondents at the second interview became conti-
nent by the third interview. When a continent woman becomes 
incontinent the subsequent year, the most likely pattern is a mild 
form of incontinence. About one half of the cases of mild incon-
tinence at the beginning of survey remained mild; few became 

Table 93-2 Severity of Urinary Incontinence by Volume and Frequency of Urine Loss in Women 60 Years or Older

Volume of Urine Loss in 24 Hours

No. of Days with Urine Loss

Total (%)*1 to 9 (%)* 10 to 49 (%)* 50 to 299 (%)* 300 to 365 (%)*

Drops to 0.5 teaspoon 16.1 11.6  5.6  3  36.3
0.5 teaspoon to 1 tablespoon  9.7  9.7  7.5  3.2  30.1
1 tablespoon to 0.25 cup  4.6  4.6  5.4  3.2  17.8
0.25 cup or more  2.4  2.4  4.3  6.7  15.8
Total 32.8 28.3 22.8 16.1 100.0

*Percent of women affected.
From Diokno AC, Brock BM, Brown MB, et al: Prevalence of urinary incontinence and other urological symptoms in the noninstitutional elderly. J Urol 
136:1022, 1986.
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severe. Women with severe incontinence usually remained 
severely incontinent after 1 year of follow-up. One half of the 
cases of moderate incontinence remained moderate, and the rest 
became mild or severe. In terms of the type of incontinence, 
women who originally had stress incontinence remained the 
same or developed the mixed type. Women with the mixed type 
usually stayed the same. Most continent women who became 
incontinent developed the stress type or a mixed stress-urge type 
of incontinence.

The current interpretation of the data indicates that the sub-
stantial incidence rates are paralleled by equally substantial 
remission rates. However, it is not clear whether the level of 
remission refl ects active treatment or intervention or it is part of 
the natural course of incontinence.35

Correlates of Urinary Incontinence

Urinary incontinence is a condition of multifactorial origin. The 
MESA study investigated and reported the many suspected cor-
relates of incontinence. The factors investigated extended beyond 
the medical correlates into social and psychological aspects. 
Among women, the measures of depression, negative affect 
balance, and life satisfaction refl ect to a statistically signifi cant 
degree the effect of incontinence.36 Continent older women 
reported the highest levels of psychological well-being (i.e., the 
least depression and negative affect balance) and the most life 
satisfaction. Psychological well-being declines with increasing 
severity of urinary incontinence; the more severely incontinent 
women experience higher depression and negative affect balance 
and lower life satisfaction than the less severely incontinent 
women or continent women. Changes in the measures of happi-
ness and positive affect balance are not as clear. Herzog and col-
leagues37 suggested that these relationships are partly explained 
by the fact that incontinent respondents are less healthy than the 
continent respondents.

Miller38 presented data from the New Haven Established Pop-
ulations for the Epidemiologic Study of the Elderly (EPESE) 
study showing that respondents who reported diffi culty holding 
their urine “all the time” or “most of the time” scored highest on 
a scale of depressive symptoms, followed by respondents who had 
diffi culty “sometimes” or “hardly ever.” Continent respondents 
scored the lowest of the three groups. This pattern persisted when 
functional disabilities and chronic disabilities were controlled.

Study of the medical correlates of urinary incontinence con-
fi rmed that incontinence in elderly individuals is associated with 
many debilitating medical conditions.39 Surveys showed that 
physical mobility problems, specifi c neurologic symptoms, lower 
urinary tract problems, bowel problems, respiratory problems, 
and a history of genital surgery are more prevalent among those 
who are incontinent than those who are not. Other factors associ-
ated with female geriatric incontinence include a history of parent 
or sibling incontinence, incontinence during pregnancy or post-
partum, hearing problems, use of female hormones, and vaginal 
infections. Mobility problems among the elderly were identifi ed 
by the use of a wheelchair or walking aids, the presence of diag-
nosed arthritis or rheumatism, and whether the respondent fell 
during past year. The results showed that the proportion of 
respondents who reported mobility limitations was signifi cantly 
greater among those who were incontinent than among those 
who were not. Among incontinent women, those with urge 
symptoms reported more diffi culty with mobility than those with 
other symptoms. For example, among women with urge incon-

tinence, 28.2% had mobility problems, in contrast to only 6.8% 
of those with stress incontinence.

Incontinence was associated signifi cantly more often with 
neurologic factors (i.e., disease of the nerves or muscles or numb-
ness in any part of body). Bowel problems, including lost control 
of stools in the past year, and problems with constipation were 
signifi cantly more prevalent among the incontinent respondents 
than among their continent counterparts. Similarly, vaginal 
infections were reported more frequently by incontinent women. 
With regard to respiratory symptoms, incontinent women cough 
or sneeze more often than continent women. More incontinent 
than continent respondents reported urinary tract problems. The 
largest differences were found among those who reported urinary 
tract infections; the presence of blood, cloudiness, or foul smell 
in the urine; slow and weak stream of urine; and the presence of 
pain, burning, or stinging during urination.

The MESA respondents were followed for several years to 
identify causal relationships between urinary incontinence and 
its correlates. The data suggest a clear relationship among the 
onset of poor health, mobility problems, and urinary symptoms. 
These factors appear to be signifi cant risk factors for the develop-
ment of urinary incontinence in the elderly.

The widespread use of diuretics among the elderly population 
was also confi rmed by the MESA study.40 One in three women 
60 years or older uses a diuretic. Wells and coworkers41 reported 
that diuretics were used in 29% of incontinent elderly women 
seen in a continence clinic. Ouslander, 42 in his study of nursing 
home patients, observed no signifi cant difference in the use of 
diuretics between continent and incontinent patients. Shimp and 
colleagues43 reported the infl uence of diuretics on bladder symp-
toms in a study of 200 incontinent women recruited from a 
continence program clinic. Incontinent women taking diuretics 
had a positive correlation with nocturia and a trend toward sig-
nifi cant urge incontinence (P = .056) compared with incontinent 
women not taking diuretics.

The MESA study showed that there was no signifi cant dif-
ference in the prevalence of incontinence in users and nonusers 
of diuretics. However, it was found that diuretic users who had 
uninhibited bladder contractions on cystometry had a signifi -
cantly higher prevalence of urinary incontinence (85%) com-
pared with nonusers with similar bladder abnormalities (25%). 
Among respondents who did not have uninhibited bladder con-
tractions on cystometry, the use or nonuse of diuretics resulted 
in no difference between the two groups (P = .085). Although 
these comparisons were made in men because there were not 
enough women with uninhibited bladder contraction to compare, 
there is no reason not to expect similar relationships in women.

The correlation between diuretics and the presence of unin-
hibited bladder contractions has signifi cant implications. When 
confronted with an elderly patient who has recently experienced 
the onset of urinary incontinence, especially the urge type, the 
physician should specifi cally ask about the concomitant use of 
diuretics. If diuretic use correlates with the onset of incontinence, 
the physician can discontinue the diuretic and change to a non-
diuretic therapy if medically feasible. If the diuretic cannot be 
discontinued, the use of bladder relaxants should be considered 
as long as the patient has adequate detrusor contractility and can 
empty the bladder adequately. As part of the overall management 
of incontinence in patients with mobility and dexterity, easier 
access to the toilet should be considered; otherwise, provisions 
for toilet supplements, such as commodes or urinals should be 
encouraged.
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Urodynamic Parameters for the Continent and 
Incontinent Elderly

The MESA survey performed urodynamic studies among 167 
women who volunteered to undergo the study a the household 
interview followed by a clinic visit for a free examination, includ-
ing urinalysis. One hundred incontinent and 67 continent women 
were studied.

The urofl ow measures of peak and average fl ow rates showed 
no difference between continent and incontinent subjects or 
between the different clinical types of incontinence. The mean 
noninstrumented peak fl ow rate among women voiding 300 mL 
or more was 23.3 mL/sec, whereas the mean noninstrumented 
peak fl ow rate for a voided volume between 200 and 299 mL was 
18.2 mL/sec. The mean average fl ow rates were 12.0 mL/sec and 
8.8 mL/sec, respectively.

The postvoid residual urine volume showed no signifi cant 
difference between continent and incontinent women respon-
dents. The prevalence of postvoid residual urine volume of 101 
to 150 mL among continent women was 9.7%, and for inconti-
nent women, it was 3.5%. The prevalence of uninhibited detrusor 
contraction on cystometry among the continent respondents was 
4.9%, and for the incontinent respondents, it was 12.2%. The 
overall prevalence rate was 7.9%. The difference in prevalence 
rates between continent and incontinent subjects was not statisti-
cally signifi cant. These rates are more in line with the prevalence 
of uninhibited detrusor contractions among hospitalized women 
without urologic symptoms reported by Jones and Schoenberg,44 
but they are lower than the 39% reported by Hilton and Stanton.45 
The difference appears to be related to the general health status 
of the individual. Healthier subjects are less likely to have unin-
hibited detrusor contractions.

The urethral pressure profi le parameters in the MESA study 
revealed that assessment performed in the supine position did 
not reveal any signifi cant difference between the continent and 
incontinent subjects. However, static and dynamic urethral pres-
sure profi lometry performed in the in the standing position 
showed a signifi cant difference in the values between continent 
and incontinent subjects. Although a signifi cant difference 
existed, there was considerable overlap in the values, and it was 
impossible to adopt a specifi c range of values that could be used 
to identify urethral insuffi ciency in elderly subjects.

On the lateral stress cystography, the posterior urethra–vesical 
angle was strongly associated with continence status. However, 
there was signifi cant overlap in the posterior urethra–vesical 
angle values that made it impossible to assign a specifi c value for 
the diagnosis of incontinence. It appears that this test is of value 
in the assessment of the type of stress incontinence and in assess-
ing the type of repair to be used.

Patient Strategies to Control Urine

Because urinary incontinence is not life threatening, many incon-
tinent individuals have found ways of managing their own condi-
tions. Part of the MESA study was to determine how incontinent 
elderly women manage their urine loss condition.37 The survey 
revealed that 69% of incontinent women were using one or more 
methods to control urine loss. For most incontinent women, 
absorbent products such as sanitary napkins, toilet tissue, and 
absorbent garments were the most popular means, as reported 
by 55% of women respondents. The second most common means 
of controlling incontinence was to locate a toilet on arrival at an 

unfamiliar place. Forty-two percent of women reported using 
this strategy as part of controlling their incontinence. Voiding 
manipulation such as scheduled urination, urination before 
leaving home, and other conscious efforts to plan urination was 
practiced by 28% of female incontinent respondents who altered 
their diet and fl uid intake to control incontinence and 12% who 
did pelvic muscle exercises. Only 6% of women reported taking 
medications for their incontinence.

Forty-two percent of those with severe incontinence had 
talked with their physicians in the past year, whereas only 25% 
of those with moderate incontinence and 19% of those with mild 
incontinence had done so. With regard to the type of inconti-
nence, 30% of those with the mixed type of incontinence had 
talked with their physicians in the past year, whereas only 20% 
of those with urge or stress incontinence had done so.

Continent Surgery and Its Outcomes

An estimated 126,000 operations for incontinence are performed 
annually in the United States.46 A review of the literature dem-
onstrates that the median proportion of women cured or 
improved by surgery at 1 to 2 years was 78% for anterior repair, 
86% for retropubic suspension, and 91% for sling procedures.47 
Realizing the value of patient satisfaction as an outcome of con-
tinence surgery, the National Family Opinion (NFO) world 
group panel evaluated the prevalence and outcome of continence 
surgery among community dwelling women.48 The group 
reported that 4% of women living in the community and 8% of 
women 60 years old or older had a history of continence surgery. 
One third of the women had their surgery within the past 5 years. 
The initial satisfaction of surgery was high, but it then decreased 
as time progressed. Of those who had surgery within the past 3 
years, 64% were currently satisfi ed. Of those who had surgery 
more than 3 years, satisfaction rates between 42% and 45% 
were reported. Seventy-three percent of the women who had 
surgery reported incontinence in the preceding month, 58% 
had incontinence in the preceding week, and 53% used pads 
regularly. Of those with recurrent urinary incontinence, 
83% continued to have stress urinary incontinence, although 
62% experienced stress and urge symptoms, and 14% had urge 
symptoms only.

Prevention of Urinary Incontinence

Urinary incontinence is a preventable condition.49 Behavioral 
techniques, including pelvic muscle training and bladder train-
ing, are safe and effective for stress, urge, and mixed urinary 
incontinence.50-53 Only a few randomized, controlled trials have 
sought to prevent incontinence. Until recently, the randomized, 
controlled trials assessing a behavioral modifi cation program 
for prevention of urinary incontinence have been limited to 
pregnant and postpartum women. None of the randomized, 
controlled trials previously reported tested the preventive effects 
of bladder training and pelvic muscle training in older 
women.54,55

Diokno and colleagues56 reported the fi rst successful random-
ized, controlled trial of a group behavioral modifi cation program 
to prevent incontinence in postmenopausal women living in 
community who were 55 years old or older, compared with the 
usual care. The program consisted of a 2-hour classroom pre-
sentation, followed 2 to 4 weeks later with an individualized 
evaluation to test knowledge, adherence, and skills in behavioral 
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techniques and to provide a brief re-enforcement of technique as 
needed. Both groups (i.e., treated and control or no treatment) 
were followed for 12 months. Continence status, pelvic muscle 
strength, voiding frequency, and intervoid interval were signifi -
cantly better in the treatment group.56 The result of this trial 
suggest that women with stronger pelvic muscles have in-
creased awareness of pelvic muscle function, which translates 
into greater voluntary contraction of the pelvic muscles at the 
onset of increased physical activity, maintaining or improving 
continence.57

Socioeconomic Issues

As is true for any chronic health condition, the burden of urinary 
incontinence refl ects experiences of the incontinent individual 
and those around her, and it puts signifi cant strain on society and 
the health care system. Between 1984 and 1995, the estimated 
number of persons 65 years old or older with urinary inconti-
nence increased by 218%.58 Urinary incontinence is a costly con-
dition, with the annual expenditure similar to other chronic 
diseases in women, such as osteoporosis, Alzheimer’s disease, and 
arthritis, that vary in their effects on morbidity, mortality, and 
quality of life.59

The estimated cost of urinary incontinence in 1995 for persons 
65 years old or older in the United States, based on the calculated 
6.32 million community-dwelling and 1.06 million institutional-
ized elderly patients,59 was $24.3 billion, of which direct costs 
accounted for 97% ($23.6 billion).58 The single biggest contri-
buting cost was for routine care among older adults living in the 
community; this represented 29.4% of total costs. The cost per 
individual was $3565, an increase of 174% from $2052 in 1984.

The indirect costs include income from work lost. Among all 
workers with urinary incontinence, 23% of women missed work, 
whereas only 8% of men did so. The reported average annual 
work absence for women totaled 28.7 hours for inpatients (7.1 
hours) and outpatients (21.6 hours). Although women and men 
have similar numbers of outpatient visits for urinary inconti-
nence, average work loss associated with outpatient care was 
greater for women, probably because of the availability of out-
patient procedures for women.60

VOIDING DYSFUNCTIONS

Few studies have examined the prevalence of urinary symptoms 
other than incontinence among women. The prevalence of 
urinary symptoms has been infrequently reported in detail among 
women of different ages. For example, there are few data for 
normal values of daytime and nighttime voiding frequencies for 
women of different ages. Voiding dysfunction is perceived less 
commonly as an important urinary symptom in women, despite 
evidence that detrusor function may become less effi cient with 
age.61

Normal Voiding Parameters

The distribution of frequency of voiding among the elderly 
women in the United States was reported by the MESA survey. 
It appears that the normal voiding frequency was no more than 
eight times per day; 88% of all women respondents who were 
asymptomatic (i.e., no self-reported incontinence or irritative or 
obstructive symptoms) and 70% of incontinent women reported 
this daily frequency. In terms of nocturia, 93% of asymptomatic 

women and 83% incontinent women void no more than two 
times at night. The frequency of nocturia increased among 
women with bladder symptoms. Nocturia of three times or more 
was reported by 25% of women with irritative bladder symptoms 
and 24% of women with diffi cult bladder-emptying symptoms. 
The increased frequency reported among symptomatic respon-
dents compared with asymptomatic respondents was statistically 
signifi cant.

Fitzgerald and coworkers62 reevaluated the defi nition of 
urinary frequency by assessing 300 healthy, asymptomatic volun-
teer women between the ages of 18 and 91 years (median, 40 
years). They found a median of 8.3 voids in 24 hours, with 95% 
of subjects recording fewer than 13 voids per 24 hours. Ninety-
two percent of the women voided no more than once per night, 
including 36% who voided once. Two or more nocturnal void-
ings were reported by 8% of the volunteers. Among the 133 
(44%) subjects who had nighttime voiding, 39% of them did so 
because they were awakened by the need to void. The group 
concluded that 8 voids or more per 24 hours as the defi nition of 
frequency may be inappropriate and suggested that a value 13 
voids or more may be more appropriate. However, it can be 
argued that because the information came from a self-selected 
group of volunteers who reside in a large metropolitan area, the 
fi gures obtained may not be representative of the true voiding 
frequency in the general community.

Lower Urinary Tract Symptoms in Women

Using the validated Bristol Female Lower Urinary Tract Symp-
toms (BFLUTS) questionnaire,63 it was demonstrated that lower 
urinary tract symptoms were prevalent among and troublesome 
to a group of community-dwelling women.64 In the MESA survey, 
the prevalence of lower urinary tract symptoms (i.e., hesitancy, 
poor stream, interrupted stream, straining to void, and use of 
catheter to drain the bladder) among women 60 years old or 
older was 10.9%. Men of a similar age group reported a 22.1% 
prevalence. Other surveys report prevalence rates of 18% for 
women 65 years old or older65 and 8% for women 81 years old 
or older.66 It is believed that the diffi cult bladder-emptying 
symptoms in women are more likely a consequence of an under-
active bladder, whereas in men, the most likely cause is outlet 
obstruction.6

Voiding symptoms other than poor stream have seldom been 
assessed in women, although hesitancy has been described as 
occurring in a small population of younger women.67 Using the 
BFLUTS questionnaire, Swithinbank and colleagues68 reported 
the age-specifi c prevalence of voiding symptoms among women, 
including the character of the stream (i.e., intermittency, hesitancy, 
and slow stream), incomplete emptying, dysuria, and straining 
(Fig. 93-2). With the exception of weak stream, these symptoms 
were more commonly described by younger women.68

The high prevalence of lower urinary tract symptoms among 
women is not surprising. Many other investigators have reported 
similar prevalence rates for these symptoms in age-matched men 
and women when testing the International Prostate Symptom 
Score (I-PSS) as a diagnostic tool.69-71 As in the case with men, 
storage symptoms appear to be much more bothersome than 
voiding symptoms.

Overactive Bladder Syndrome

Overactive bladder is a common disabling condition that affects 
health-related quality of life. The International Continence 
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Society (ICS) derived a consensus symptomatic defi nition of 
overactive bladder syndrome as urinary urgency, with or without 
urge incontinence, usually with urinary frequency and nocturia, 
in the absence of pathologic and metabolic factors that would 
explain the symptoms.1 Urodynamically, overactive bladder is 
characterized by the presence of involuntary bladder contrac-
tions that occur during bladder fi lling despite the patient’s 
attempt to suppress them.

The National Overactive Bladder Evaluation (NOBLE) study 
was initiated to better understand the prevalence and impact of 
overactive bladder in a broad spectrum of the U.S. population.72 
Using a clinically validated, computer-assisted telephone inter-
view questionnaire, a sample population of adults, who were 18 
years old or older and representative of the main population by 
sex, age, and geographic region, was surveyed.

A surprising result from this study is the equal prevalence of 
urgency-related bladder control problems in men and women 
(16.0% and 16.9%, respectively), although more women (13.4%) 

suffer from overactive bladder with incontinence than men 
(2.6%). The prevalence and prevalence ratios were inversely 
related to increasing education, a pattern that was more apparent 
among women who had overactive bladder with urge inconti-
nence. In women, but not in men, the prevalence of overactive 
bladder with urge incontinence increased in relation to increas-
ing body mass index.

The age-specifi c prevalence of overactive bladder was similar 
for men and women, but age patterns differed by sex and type of 
overactive bladder. The age-specifi c prevalence of overactive 
bladder without incontinence appears to plateau after age 44 
years for women and after age 54 years for men. In contrast, age-
specifi c prevalence of overactive bladder with urge incontinence 
continues to increase with increasing age, with women having a 
steeper age-related increase than men. These contrasting patterns 
suggest that overactive bladder without incontinence may precede 
the onset of overactive bladder with urge incontinence. More-
over, in the older ages, the transition rate from overactive bladder 
without to overactive bladder with urge incontinence may exceed 
the rate of occurrence of new cases of overactive bladder without 
incontinence. This may explain the plateau in prevalence of over-
active bladder without incontinence. Longitudinal studies will be 
required to test this hypothesis. If confi rmed, the incidence of 
overactive bladder with urge incontinence may be mitigated 
through secondary prevention efforts directed toward overactive 
bladder without urge incontinence.

Women and men who have overactive bladder, with or 
without urge incontinence, have signifi cantly poorer scores for 
health-related quality of life, mental health, and quality of sleep 
compared with sex- and age-matched controls. These differences 
were signifi cant after adjusting for other covariates, including 
comorbid illnesses.

CONCLUSIONS

Urinary incontinence and voiding dysfunctions are prevalent 
conditions that can affect women of all ages. The incidence is 
especially high among the elderly, whether they are living in the 
community or in institutions. These conditions are associated 
with many medical correlates and have a tremendous effect on 
the psychological well-being of the affl icted. Urinary inconti-
nence and voiding dysfunctions are very costly, with the expen-
diture similar to the more popularly recognized health concerns 
of the aging woman.

The explosion of epidemiologic data has led to novel treat-
ment and prevention strategies, although patient satisfaction 
about the outcome of surgery may not be as high as previously 
believed. Epidemiologic information about different racial and 
ethnic populations is now being reported. Our knowledge about 
the different issues of voiding dysfunctions is still inadequate, and 
our understanding of normal voiding parameters is still far from 
complete.
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Figure 93-2 Relationships between age and type of stream (A) and 
bladder emptying symptoms (B) in women. (From Swithinbank LV, 
Abrams P: A detailed description, by age, of lower urinary tract 
symptoms in a group of community-dwelling women. BJU Int 
85(Suppl2):19-24, 2000.)
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Chapter 94

LOWER URINARY TRACT DISORDERS 
IN THE ELDERLY FEMALE
Theodore M. Johnson, II, and Joseph G. Ouslander

Aging is a continuous and inevitable process that affects every-
one. It occurs at various rates in different individuals and in 
different organ systems within the same individual. The indivi-
dual organism’s responses to the aging process are diverse and 
depend on many complex factors. The lower urinary tract, as 
much as any other organ system, is greatly infl uenced by the 
interactive and additive effects of age-related changes and the 
accumulation of many pathologic entities with increasing age. 
Symptoms of lower urinary tract dysfunction are common in 
elderly women.

This chapter focuses on the age-related and age-associated 
changes that underlie lower urinary tract dysfunction in this 
population. We review in some detail the two most common 

disorders of the lower urinary tract in elderly women—urinary 
incontinence and urinary tract infection (UTI).

AGING AND THE FEMALE LOWER URINARY TRACT

When considering the effects of increasing age on any organ 
system, a crucial distinction must be made between true age-
related changes that occur in everyone and age-associated changes 
resulting from the accumulation of pathologic conditions that do 
not occur in everyone. Table 94-1 lists age-related changes and 
age-associated factors that can infl uence lower urinary tract func-
tion and symptoms in elderly women. Because determining true 
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Table 94-1 Aging and the Female Lower Urinary Tract

Change or Effect Potential Effects

Age-related changes
Altered cell function Altered interstitial tissues and mucosal surfaces

Increased likelihood of pelvic prolapse and urinary infection
Decreased estrogen level Thinner and more friable mucosa and interstitial tissues

Increased likelihood of pelvic prolapse, urinary symptoms, and infection
Altered concentrations of central nervous system 

neurotransmitters; altered nerve conduction
Increased likelihood of bladder and urethral dysfunction

Altered immune function Increased susceptibility to infection
Altered bladder function
 Decreased capacity
 Increased uninhibited contractions
 Increased residual volume

Increased likelihood of urinary symptoms, incontinence, and infection

Lower urethral pressure Increased likelihood of incontinence

Age-associated factors
Cognitive and sensory impairment Decreased ability to relate symptoms
Locomotor disturbances and immobility
 Stroke
 Hip fracture
 Peripheral vascular disease
 Parkinson’s disease

More diffi culty getting to a toilet; increased likelihood of fecal 
impaction and incontinence

Poor fl uid intake Increased likelihood of fecal impaction and bacteriuria
Central nervous system diseases affecting bladder function
 Stroke
 Dementia
 Parkinson’s disease

Increased likelihood of incontinence

Other diseases affecting bladder function
 Malignancy
 Atherosclerotic vascular disease

Increased likelihood of bladder dysfunction

Drug usage (see Table 94-2) Increased likelihood of bladder or urethral dysfunction
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age-related changes in the female lower urinary tract would 
involve invasive procedures (e.g., catheterization for urodynamic 
studies, cystoscopy) in continent elderly women without urinary 
symptoms, this type of information is rarely sought. Despite 
these diffi culties in obtaining data, several types of age-related 
changes are known to have a prominent infl uence on lower 
urinary tract function.

One of the most important age-related changes affecting the 
female lower urinary tract is the postmenopausal decline in estro-
gen. This remains true, even though evidence has suggested that 
oral estrogen supplementation is linked to worse continence out-
comes.1 The bladder, urethra, and genital tract have a common 
embryologic origin, and the epithelium of all of these tissues 
responds to hormonal changes. When the infl uence of estrogen 
declines, the epithelium and supporting tissues of the pelvic area 
atrophy, resulting in a friable mucosa and a tendency toward 
prolapse. The lower glycogen content in the vaginal epithelium 
results in less lactic acid metabolism by Doderlein’s bacilli and 
an increase in the pH of vaginal secretions that may increase 
susceptibility to infection. Changes occur in the concentration of 
certain neurotransmitters in various locations in the central 
nervous system with increasing age. Given the important infl u-
ence of the central nervous system on human bladder function, 
these age-related changes in central neurotransmitters may play 
a role in disorders of micturition in the elderly. Alterations in 
immune function also occur with increasing age. Although these 
changes have been seen mainly in cellular immunity, age-related 
changes in immune function, especially local immune activity 
in the lower urinary tract, may play an important role in suscep-
tibility to bacteriuria and symptomatic UTI in older women.

Certain functional changes appear to occur in the bladder and 
urethra with increasing age. In one study, abnormal cystometro-
graphic results were found for 15 of 24 continent elderly women 
who were free of neurologic disease.2 Twelve of these 15 showed 
uninhibited contractions; 10 had a bladder capacity of less than 
250 mL. Other studies have shown prevalence rates of 5% to 11% 
of abnormalities in continent older women.3,4

Some work has attempted to elucidate in the underlying 
anatomic basis of these changes. In a series of investigations in 
symptomatic and asymptomatic adults older than 65 years using 
urodynamics and electron microscopy of bladder biopsy speci-
mens, investigators found that patients with detrusor activity 
had specifi c anatomic abnormalities, including a dysjunction 
pattern with protrusion junctions and ultraclose abutments. 
These changes are believed to be the anatomic explanation 
for the propagation of involuntary detrusor contractions in older 
patients.5-7

Maximal urethral pressure and functional urethral length are 
decreased in continent elderly women.8,9 In one study, the 
maximal urethral pressure in continent women fell from a mean 
of 87 cm H2O in the third decade to 42 cm H2O in the seventh 
decade, a value that overlapped that of younger women with 
stress incontinence.8 These age-related changes in lower urinary 
tract function should be considered when evaluating urodynamic 
fi ndings in elderly women. One postmortem study of 25 bladders 
from women between the ages of 74 and 102 years revealed 
marked trabeculation, diverticula, and cellular formation.10 
Another study demonstrated continuous loss of striated muscle 
cells of the rhabdosphincter due to apoptosis, which eventually 
may reach a critical mass, leading to reduced function of the 
muscle with resultant urinary incontinence.11 Histologic section 
of the bladder outlet showed a high incidence of chronic infl am-

mation, edema, and fi brosis, presumed to be related to chroni-
cally infected residual urine. The trabeculation in these bladders 
was thought to be the result of loss of elastic tissue and coales-
cence of muscle fi ber and of muscle hypertrophy resulting from 
bladder outlet obstruction or frequent uninhibited bladder con-
tractions against a closed sphincter, or both. Other investigators 
have reported that the bladder in elderly women is more often 
decompensated and thin walled and that hypertrophy does not 
occur with uninhibited contractions.12 Further research on the 
anatomic changes that occur in the aging lower urinary tract will 
help to clarify these issues.

Several age-associated factors (Table 94-1) can have an impor-
tant infl uence on lower urinary tract function and symptoms in 
elderly women. Although most elderly individuals are generally 
active and healthy, the incidence of several disorders does increase 
with age. Impairments of cognitive and sensory function are 
more common in the elderly than in younger populations. These 
impairments may make it diffi cult for the elderly to interpret and 
relate symptoms of lower urinary tract dysfunction accurately. 
Poor nutritional and fl uid intake can predispose the elderly to 
fecal impaction and urinary infection. The prevalence of asymp-
tomatic bacteriuria increases with age (discussed later), and this 
situation predisposes to symptomatic urinary infection. Locomo-
tor disturbances are common in the elderly. The incidence of 
stroke, arthritis, osteoporosis with resultant hip fractures, periph-
eral vascular disease with claudication or resultant amputations, 
Parkinson’s disease, and other gait disorders increase with age. 
These disorders can make it diffi cult for the elderly to reach a 
toilet, especially in the setting of urinary frequency and urgency. 
Impaired mobility may play a prominent role in the development 
of incontinence in elderly women (discussed later). The inci-
dence of diseases of the central nervous system, such as stroke, 
dementia, and Parkinson’s disease, increases with age. Given the 
important role of higher centers in the control of micturition, 
these diseases are frequently involved in urinary dysfunction in 
the elderly.

An associated problem is that as a result of the high prevalence 
of so many diseases among the elderly, they are also likely to be 
taking a wide variety of drugs (often several different agents in 
complex dosage schedules), many of which can affect lower 
urinary tract function (Table 94-2). An important component of 
the assessment of older women with lower urinary tract symp-
toms is evaluation of the potential role of medications in causing 
or contributing to their symptoms. It is important to understand 
the potential effects of acetylcholinesterase inhibitors, given for 
dementia to stabilize cognitive decline, because these procholin-
ergic agents can worsen or cause incontinence. Bladder relaxant 
agents may worsen cognition in some older adults.13

URINARY TRACT INFECTION IN ELDERLY WOMEN

Asymptomatic and symptomatic UTIs are common in the elderly. 
The overall expenditures for the treatment of UTIs in women in 
the United States, excluding spending on outpatient prescrip-
tions, were approximately $2.47 billion in 2000.14 The estimated 
lifetime risk for a woman to have a UTI is greater than 50%.14 
The prevalence of bacteriuria increases with age; it is more 
common in elderly women than in men and in patients in nursing 
homes and hospitals than in elderly people residing at home. 
Compared with younger women, elderly women are at higher 
risk for hospitalization from a UTI14 and have twice the risk for 
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developing bacteruria after urodynamic procedures,15 Table 94-3 
summarizes several studies of the prevalence of bacteriuria in the 
elderly.16-26 Longitudinal studies of bacteriuria among older 
women have documented that the organisms change over time 
and that bacteriuria resolves and returns spontaneously in many 
women.20,24-26 Several factors have been implicated in the increased 
prevalence of bacteriuria in the elderly, including atrophic 
mucosal changes as a result of estrogen defi ciency, increased 
residual urine volumes, immobility, the prevalence of fecal 
and urinary incontinence, and the relatively common use of 
indwelling catheters.27 Risk factors for bacteruria and UTIs in 
postmenopausal women include sexual activity, diabetes, urinary 
incontinence, and past UTIs.28 Symptoms common in elderly 
women that are usually associated with UTI, such as frequency, 
urgency, dysuria, and incontinence, do not reliably predict 
whether the urine is infected.17-19,21 Midstream urine specimens 
from elderly women are highly unreliable in predicting true 
bladder infection. The white blood cell count on urinalysis cor-
relates poorly with bladder infection,10 and there is at least a 17% 
incidence of false-positive cultures when midstream urine speci-
mens are repeated or compared with suprapubic aspirates.20,29 
Growth of between 104 and 109 colonies/mL and contaminated 
specimens are also more common with midstream specimens. 
Taking two consecutive midstream specimens increases the reli-
ability substantially. These factors can make the accurate diagno-
sis of true bladder infection diffi cult in elderly women.

Asymptomatic bacteriuria is generally considered a benign 
condition in the elderly who are free of catheters. Studies have, 
however, shown a substantial incidence of potentially correctable 
lower urinary tract disease that can contribute to bacteriuria in 
asymptomatic elderly patients.22 One study found that bacteriu-
ric elderly nursing home residents had a 30% to 50% lower sur-

vival rate (deaths from a variety of causes) when followed for 10 
years compared with nonbacteriuric residents matched for age, 
blood pressure, smoking habits, hematocrit, and blood choles-
terol levels.30 A second study of community-dwelling elderly also 
showed an association between bacteriuria and mortality,31 but a 
cause-and-effect relationship has not been documented. Two 
studies of treated asymptomatic bacteriuria in older institution-
alized32 and ambulatory33 women have not documented substan-
tial effects on mortality. In summary, therapy for asymptomatic 
bacteruria in older individuals has not produced improvements 
in survival or amelioration of genitourinary symptoms, but it has 
correlated with increased antimicrobial resistance and adverse 
drug effects. For these reasons, guideline consensus statements 
have recommended against the routine screening for and treat-
ment of asymptomatic bacteriuria in older persons resident in 
the community elderly institutionalized residents of long-term 
care facilities.34

Symptomatic UTIs in elderly women should be treated with 
an antimicrobial that achieves a high concentration in the urine. 
Consensus guidelines recommend that trimethoprim/sulfa-
methoxazole (TMP/SMX) DS twice daily be fi rst line therapy for 
UTIs, based on cost and effi cacy considerations. Floxacins (i.e., 
ciprofl oxacin and others) should be reserved for situations in 
which there are high rates of resistance (10% to 20%) to TMP/
SMX.34 In younger women, a 3-day regimen is associated with a 
93% eradication rate. Longer courses are associated with higher 
eradication rates, which must be weighed against higher rates of 
adverse drug events.35 Because of the acknowledged higher rates 
of failure in 3-day treatment for older women, the consensus 
statement recommends a 7-day treatment course for uncompli-
cated symptomatic infections. Drug selection should be modifi ed 
based on such factors as allergy, renal function, cost, and bacterial 
sensitivities (especially when infections are recurrent). Although 
age-related changes do occur in the kidney’s ability to eliminate 
these drugs, dosage adjustments usually are unnecessary unless 
the serum creatinine level is above 2.0  mg/dL.

Compliance with drug regimens may be a problem for many 
elderly patients and should be kept in mind as a potential cause 
of treatment failure. Recurrent infections in elderly women 
usually are caused by reinfection with a different organism. 
Relapse with the same organism should prompt a search for a 
structural abnormality in the lower urinary tract. When relapse 

Table 94-2 Medications That Can Negatively Affect Continence

Type of Medication Potential Effects on Continence

Diuretics Polyuria, frequency, urgency
Anticholinergics Urinary retention, overfl ow incontinence, impaction
Acetylcholinesterase inhibitors (for dementia) Urgency, urge urinary incontinence
Psychotropics
 Antidepressants
 Antipsychotics

Anticholinergic actions, sedation, rigidity, immobility
Anticholinergic actions, sedation

Sedatives and hypnotics Sedation, delirium, immobility, muscle relaxation
Narcotic analgesics Urinary retention, fecal impaction, sedation, delirium
α-Adrenergic blockers Urethral relaxation
α-Adrenergic agonists Urinary retention
β-Adrenergic agonists Urinary retention
Calcium channel blockers Urinary retention
Alcohol Polyuria, frequency, urgency, sedation, delirium, immobility

Table 94-3 Prevalence of Bacteriuria in 
Elderly Women

Setting of Population Women Affected (%)

Community 11-17
Nursing home 23-27
Hospital 32-50
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occurs in the absence of a structural abnormality, a 3- to 6-week 
course of drug therapy should be given. Infrequent symptomatic 
reinfections should be treated as separate episodes; frequent 
symptomatic infections can be managed by long-term prophy-
laxis. Nitrofurantoin (100 mg/day) and TMP/SMX (1/2 of a single 
strength (40  mg/200  mg) tablet/day) have been shown to prevent 
recurrent symptomatic infections36 and appear to be cost-
effective, especially in women who have three or more symptom-
atic infections per year.37

URINARY INCONTINENCE IN ELDERLY WOMEN

Scope of the Problem

Incontinence is a common, disruptive, and potentially disabling 
condition in the elderly. The prevalence of urinary incontinence 
is illustrated in Table 94-4. Incontinence is a heterogeneous 
condition among older women, ranging in severity from occa-
sional episodes of dribbling small amounts of urine to continu-
ous urinary incontinence with concomitant fecal incontinence. 
The prevalence of urinary incontinence among women increases 
with increasing age. The likelihood of having severe urinary 
incontinence also increases with increasing age; compared with 
8% of women between 30 and 39 years old reporting severe 
urinary incontinence, 33% of women between 80 and 90 years 
old reported severe urinary incontinence.38 Although these 
general trends are clear, there are more subtle trends. The 
overall prevalence of urinary incontinence increases with rising 
age, but the prevalence of stress incontinence may peak at age 
50 and then decrease slightly.39 Parity, which is a signifi cant 
risk factor for stress incontinence in younger women, is a 
much less important risk factor for stress incontinence in older 
women.40,41

Not all incontinent elderly women are severely demented, 
bedridden, and in nursing homes. Many in institutions and in 
the community are ambulatory and have good mental function. 
Physical health, psychological well-being, social status, and the 
costs of health care can be adversely affected by incontinence. 
Physical consequences can include skin breakdown, UTIs, and 
fractures, which may result if patients fall when they are forced 
to get up in the middle of the night to urinate. The psychosocial 
effects can be even more devastating; many elderly patients may 
suffer intense embarrassment, loss of self-esteem, and feelings of 
helplessness, depression, and anxiety, resulting in a withdrawal 
from vital social contacts or at least a reluctance to go places or 
engage in activities that are not close to toilet facilities.42 The 

fi nancial impact of incontinence is also signifi cant. It has been 
estimated that the cost of managing incontinence in elderly 
nursing home residents alone is close to $3 billion per year.43 
Estimates put the U.S. Medicare cost of inpatient and outpatient 
treatment of urinary incontinence in women at $234.4 million 
(1998). Urinary incontinence as the main reason for physician 
care for a Medicare visit rose from 845 per 100,000 in 1992 to 
1845 per 100,000 persons in 2000.39

Urinary incontinence is curable in many elderly patients, 
especially those who have adequate mobility and mental func-
tion. There is growing literature suggesting that for some indi-
viduals, urinary incontinence can be prevented or delayed by 
exercises and behavioral strategies.44 Even when urinary inconti-
nence is not curable, incontinence can always be managed in a 
manner that keeps patients comfortable, makes life easier for 
caregivers, and minimizes the cost of caring for the condition and 
its complications.

Acute, Reversible Incontinence versus 
Persistent Incontinence

The distinction between acute, reversible forms of incontinence 
and persistent incontinence is clinically important in older 
women because incontinence is often contributed to or caused 
by factors outside the lower urinary tract in this population. 
Acute incontinence refers to situations in which the incontinence 
is of sudden onset, usually related to an acute illness or an iatro-
genic problem, and subsides after the illness or medication 
problem has been resolved. Persistent incontinence refers to 
incontinence that is unrelated to an acute illness and persists over 
time. The causes of acute and reversible forms of urinary incon-
tinence can be remembered by the acronym DRIP (Table 94-5). 
Many of the reversible factors listed in this table can also play a 
role in patients with persistent forms of incontinence. A search 
for these factors should be undertaken in all incontinent geriatric 
patients.

Persistent forms of incontinence can be classifi ed clinically 
into four basic types in the geriatric population: stress, urge, 
overfl ow, and functional. These types can overlap each other, and 
an individual patient may have more than one type simultane-
ously. Although this classifi cation does not include all of the 
neurophysiologic abnormalities associated with incontinence 
(e.g., refl ex or “unconscious” incontinence), it is helpful in 
approaching the clinical assessment and treatment of inconti-
nence in the elderly.45

Stress incontinence is the most common type among 
women younger than 75 years, especially in ambulatory clinic 
settings.46-48 It may be infrequent and involve very small amounts 
of urine, and it may need no specifi c treatment in women who 
are not bothered by it. However, it may be so severe or bother-
some that it requires surgical correction. It is most often as-
sociated with weakened supporting tissues and consequent 
hypermobility of the bladder outlet and urethra caused by lack 
of estrogen or by previous vaginal deliveries or surgery. Older 
adults with stress incontinence, compared with their continent 
older counterparts, are more likely to be white, have arthritis, be 
using oral estrogen therapy, have chronic obstructive pulmonary 
disease, and be obese.49 Parity appears to be a somewhat weaker 
risk factor among women 60 years old or older than among 
women younger than 60 years.30 Many older women also develop 
stress incontinence because of intrinsic urethral dysfunction after 
one or more lower urinary tract surgical procedures.

Table 94-4 Prevalence of Urinary Incontinence Among 
Older Women

Setting of Population Women Affected (%)

Community Approximately 33%: any 
incontinence*

4-6%: severe incontinence†

Acute care hospital Approximately 40%
Nursing home 50-70%

*Positive response to questioning about any uncontrolled urine loss in the 
past year.
†Incontinence that occurs more than once per week or requires the use 
of pads.
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Urge incontinence is the most common symptomatic and 
urodynamic type of incontinence in women older than 75 years, 
especially those in institutions, and it is commonly a component 
of the overactive bladder syndrome.50-52 Urge incontinence can 
be caused by a variety of lower genitourinary and neurologic 
disorders. Older incontinent individuals with urge incontinence 
are more likely than their older, continent counterparts to be 
white, have arthritis, be using oral estrogen therapy, have insulin-
treated diabetes, have depression, be older (within a 70- to 79-
year-old cohort), and have poor lower extremity physical 
performance.49 It is most often associated with detrusor motor 
instability or detrusor hyperrefl exia. Some patients have a poorly 
compliant bladder without involuntary contractions (due to 
radiation or interstitial cystitis, both of which are unusual condi-
tions in older women). Other patients have symptoms of urge 
incontinence but do not exhibit detrusor motor instability on 
urodynamic testing. This is usually called sensory instability or 
hypersensitive bladder; it is likely that some of these patients have 
detrusor motor instability in everyday life that is not documented 
at the time of the urodynamic study. However, some patients 
with neurologic disorders have detrusor hyperrefl exia on urody-
namic testing but may not have urgency and are incontinent 
without any warning symptoms (i.e., unconscious incontinence). 
These patients are generally treated as if they have urge inconti-
nence if they can empty the bladder and do not have other cor-
rectable genitourinary pathology (discussed later). A subgroup of 
very elderly incontinent patients with detrusor hyperrefl exia has 
been described who also have impaired bladder contractility; they 
empty less than a third of the bladder volume with involuntary 
contractions on urodynamic testing.51-53 The implications of 
this urodynamic fi nding for the pathophysiology and treat-
ment of incontinence in the elderly are unclear and are being 
investigated.

Urinary retention with overfl ow incontinence is relatively 
unusual among older women and can result from anatomic or 
neurogenic outfl ow obstruction, a hypotonic or acontractile 
bladder, or both (Box 94-1). Several types of drugs can also con-
tribute to this type of incontinence (see Table 94-2).

Stress, urge, and overfl ow incontinence can occur in combina-
tion. About one third of older women with stress incontinence 

also have symptoms of urge incontinence and detrusor instabil-
ity. Similarly, about one third of women with urge incontinence 
also have symptoms or signs of stress incontinence.46-48,54 These 
mixed types of incontinence can have important therapeutic 
implications, especially in decisions about surgery for stress 
incontinence.

Functional incontinence results when an elderly person is 
unable or unwilling to reach a toilet on time. Distinguishing this 
type of incontinence from other types of persistent incontinence 
is critical to appropriate management. Factors that cause func-
tional incontinence (e.g., inaccessible toilets, psychological disor-
ders) can exacerbate other types of persistent incontinence. 

Table 94-5 Reversible Factors That May Contribute to Urinary Incontinence

DRIP Acronym Defi nition Description

D Delirium New-onset urinary incontinence (UI) may be associated with delirium because of 
acute underlying conditions requiring diagnosis and treatment.

R Restricted mobility
Retention

Acute conditions causing immobility may precipitate UI; environmental manipulation 
and scheduled toileting are appropriate until the condition resolves.

Urinary retention may be precipitated by many drugs (see Table 94-2) or may occur 
acutely because of anatomic obstruction; immobility and large fecal impactions may 
also contribute.

I Infection
Infl ammation
Impaction

Acute cystitis may precipitate urge UI.
Otherwise asymptomatic bacteriuria may contribute to urinary frequency and should 

be eradicated before any urodynamic evaluations are carried out.
Atrophic vaginitis and urethritis can cause irritative voiding symptoms, including UI.
Fecal impaction and fecal incontinence may be associated with UI.

P Polyuria
Pharmaceuticals

Poorly controlled diabetes with glucosuria can contribute to urinary frequency and UI.
Edema due to congestive heart failure or venous insuffi ciency can cause nocturia and 

exacerbate nocturnal UI (see Table 94-2)

Bladder outlet obstruction
 Mechanical compression
  Gynecologic malignancy
  Uterine fi broids
  Ovarian cyst
  Fecal impaction
  Fibrosis of bladder outlet (uncommon) secondary to 

 chronic infl ammation
Urethral obstruction
 Stricture
 Prolapse and urethral distortion
Hypotonic bladder
 Peripheral neuropathy
  Diabetes
  Alcoholism
 Mechanical interruption of motor innervation
  Tumor
  Herniated disk
  Trauma
 Overdistention injuries
Detrusor-sphincter dyssynergy
Drug-induced retention (see Table 94-2)

Box 94-1 Causes of Urinary Retention in 
 Elderly Women
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Patients with incontinence that appears to be predominantly 
related to functional factors may also have abnormalities of the 
lower genitourinary tract such as detrusor hyperrefl exia. In some 
patients, it can be very diffi cult to determine whether the func-
tional factors or the genitourinary factors predominate without 
a trial of specifi c types of treatment. It is therefore appropriate to 
consider functional incontinence as a diagnosis of exclusion 
among older patients. Cognitive impairment or impaired mobil-
ity should not preclude a trial of specifi c treatment for inconti-
nence when indicated.

Evaluation

In patients with a sudden onset of incontinence (especially one 
associated with an acute medical condition and hospitalization), 
the possible causes (see Table 94-5) can be determined by a brief 
history, physical examination, and basic laboratory studies (e.g., 
urinalysis, culture, serum glucose or calcium level).

Box 94-2 lists the basic components of the evaluation of per-
sistent urinary incontinence. All patients should have a focused 
history, targeted physical examination, urinalysis, and a determi-
nation of postvoid residual urine volumes. The history should 
focus on the characteristics of the incontinence, current medical 
problems and medications, and the impact of incontinence on 
the patient and caregivers. Bladder records or voiding diaries are 
often helpful. Physical examination should focus on abdominal, 
rectal, and genital examinations and on evaluation of lumbo-
sacral innervation. During the history and physical examination, 
special attention should be paid to factors such as mobility, 
mental status, medications, and accessibility of toilets that may 
be causing incontinence or interacting with urologic and neuro-

logic disorders to make the condition worse. A clean urine sample 
should be collected for urinalysis to exclude glucosuria, pyuria, 
bacteriuria, and hematuria. Persistent sterile microscopic hema-
turia (>5 red blood cells/high-power fi eld) is an indication for 
further evaluation to exclude a tumor or other urinary tract 
abnormality.

A series of simple tests of lower urinary tract function can be 
carried out in a clinic, hospital, nursing home, or even at home. 
They include observation of voiding, a pad test for stress incon-
tinence, and simple cystometry.55 These tests are not necessary 
for all patients (discussed later). Like other diagnostic tests, they 
should be performed only if the results will change the patient’s 
management. When they are performed, they must be carried out 
and interpreted carefully in light of other information from the 
history and physical examination. Bladder capacity and stability 
as determined by simple cystometry are highly correlated with 
results of formal multichannel cystometrograms.56 Simple cys-
tometry may be unnecessary to make a reasonable treatment plan 
in many elderly patients, such as those who have sterile urine and 
no atrophic vaginitis, meet none of the criteria given in Table 
94-6, and who reliably give a history of stress incontinence 
without irritative or obstructive voiding symptoms, leak with 
stress maneuvers, and can empty the bladder completely (they 
can be treated for stress-type incontinence) or who reliably give 
a history of urge incontinence without symptoms of stress incon-
tinence or voiding diffi culty and can empty the bladder com-
pletely (they can be treated for urge-type incontinence). These 
tests are not essential for patients who are going to be treated 
initially with behavioral therapy alone, which can be used for 
stress, urge, mixed, and functional incontinence. The criteria for 
referral for further evaluation given in Table 94-6 have been 
shown to be reasonably sensitive but not very specifi c for identi-
fying patients who require further evaluation for appropriate 
treatment.50

Management

Several therapeutic modalities are used in managing incontinent 
older women. Special attention should be paid to the manage-
ment of acute forms of incontinence, which are most common 
in elderly patients in acute care hospitals. These forms of incon-
tinence are often transient if managed appropriately; however, 
inappropriate management may lead to a permanent problem. 
The most common treatment for incontinent elderly patients 
in acute care hospitals is indwelling catheterization. In some 
instances, this therapy is justifi ed by the necessity for accurate 
measurement of urine output during the acute phase of an illness. 
In many instances, however, it is unnecessary and poses a sub-
stantial and unwarranted risk of catheter-induced infection. 
Although it may be more diffi cult and time consuming for care-
givers, making toilets and toilet substitutes accessible combined 
with some form of scheduled toileting is probably a more appro-
priate approach to the treatment of patients who do not require 
indwelling catheters. Launderable or disposable and highly absor-
bent bed pads and undergarments may also be helpful in manag-
ing these patients. These products may be more costly than 
catheters but probably result in less morbidity and therefore 
lower overall cost in the long run. Specially designed inconti-
nence undergarments and pads can be very helpful for many 
nonhospitalized patients but must be used appropriately. They 
are being marketed on television and are readily available in retail 
stores. Although they can be effective, several caveats should be 

All Patients
Focused history
Targeted physical examination
Urinalysis
Postvoid residual determination

Selected Patients
Simple urodynamic test
Complex urodynamic tests
 Dual-channel cystometrogram
 Pressure-fl ow study
 Urethral pressure profi lometry
 Sphincter electromyography
 Video urodynamic evaluation
Laboratory studies
 Urine culture
 Renal function tests
 Blood glucose
 Serum calcium
 Urine cytology
Radiologic studies
 Renal ultrasound
 Voiding cystourethrography
Urologic or gynecologic evaluation
 Cystourethroscopy

Box 94-2 Diagnostic Evaluation of Urinary 
 Incontinence in Older Women
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mentioned. Garments and pads are a nonspecifi c treatment. They 
should not be used as a fi rst response to incontinence or before 
some type of diagnostic evaluation is done. Many patients are 
curable if treated with specifi c therapies, and some have poten-
tially serious factors underlying their incontinence that must be 
diagnosed and treated. Pants and pads can interfere with attempts 
at certain types of behaviorally oriented therapies (discussed 
later).

Supportive measures are critical in managing all forms of 
incontinence and should be used in conjunction with other more 
specifi c treatment modalities. A positive attitude, education, 
environmental manipulations, appropriate use of toilet substi-
tutes, avoidance of iatrogenic contributions to incontinence, 

modifi cations of diuretic and fl uid intake patterns, and good skin 
care are all important.

To a large extent the optimal treatment of persistent inconti-
nence depends on identifying the types of incontinence that 
exists. Table 94-7 outlines the primary treatments used for the 
basic types of persistent incontinence found among older incon-
tinent women. Each treatment modality is briefl y discussed in the 
following sections.

Drug Treatment
The effi cacy of drug treatment has not been as well studied in the 
elderly as in younger populations,56,58 but for many patients, 
especially those with urge or stress incontinence, drug treatment 

Table 94-6 Criteria for Referral of Elderly Incontinent Women for Urologic, Gynecologic, or Urodynamic Evaluation

Criteria Defi nition Rationale

History
Recent history of lower 

urinary tract or pelvic 
surgery or irradiation

Surgery or irradiation involving the pelvic area or 
lower urinary tract within the past 6 months

A structural abnormality related to the recent 
procedure should be sought.

Relapse or rapid recurrence 
of a symptomatic urinary 
tract infection

Onset of dysuria, new or worse irritative voiding 
symptoms, fever, suprapubic or fl ank pain 
associated with growth of more than 100,000 
colony-forming units of a urinary pathogen; 
symptoms and bacteriuria that return within 
4 weeks of treatment

A structural abnormality or pathologic 
condition in the urinary tract predisposing 
to infection should be excluded.

Physical examination
Marked pelvic prolapse Pronounced uterine descent to or through the 

introitus; prominent cystocele that descends 
the entire height of the vaginal vault with 
coughing during speculum examination

Anatomic abnormality may underlie the 
pathophysiology of the incontinence and 
may require surgical repair.

Severe stress incontinence* Prominent, bothersome stress incontinence that 
has failed to respond to adequate trials of 
nonsurgical therapy

Bladder neck suspension procedures are 
generally well tolerated and successful in 
properly selected elderly women who have 
stress incontinence that responds poorly to 
more conservative measures.

Severe hesitancy, straining, 
or interrupted urinary 
stream

Straining to begin voiding and a dribbling or 
intermittent stream when the patient’s bladder 
feels full

Signs suggest obstruction or poor bladder 
contractility.

Postvoid residual
Diffi culty in passing a 14-Fr 

straight catheter
Catheter passage impossible or requires 

considerable force or a larger or more rigid 
catheter

Anatomic blockage of the urethra or bladder 
neck may exist.

Postvoid residual volume 
>200 mL†

Volume of urine remaining in the bladder within 
5 to 10 minutes after the patient voids 
spontaneously in as normal a fashion as 
possible

Anatomic or neurogenic obstruction or poor 
bladder contractility may exist.

Urinalysis
Hematuria (sterile) More than fi ve red blood cells/high-power fi eld 

on microscopic examination in the absence of 
infection

A pathologic condition in the urinary tract 
should be excluded.

Failure to respond to 
nonsurgical management

After behavioral or drug therapy, or both, 
incontinence persists and the patient desires 
further evaluation and treatment.

A formal urodynamic evaluation may help to 
better defi ne and reproduce the symptoms 
associated with the patient’s incontinence 
and target treatment more effectively.

*If medical conditions preclude surgery or the patient is adamantly opposed to considering surgical intervention, the patient should not be referred.
†Some patients with lesser degrees of urinary retention may require evaluation, depending on other fi ndings.
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may be very effective. Drug treatment can be prescribed in con-
junction with one or more of the behavioral interventions 
discussed in the following section. Head-to-head comparisons of 
drug and behavioral therapy have shown that both are effi cacious 
for treatment of urinary incontinence,59 and in practice. they 
often complement each other. Treatment decisions should be 
made on an individual basis and depend in a large part on the 
characteristics and preferences of the patient and the physician.

For urge incontinence, drugs with anticholinergic and bladder 
smooth muscle–relaxing properties are used. All of them may 
cause bothersome systemic anticholinergic side effects, especially 
dry mouth, in the elderly, and they can precipitate urinary 
retention in some patients. The advantages of extended-release 
preparations (e.g., tolterodine LA, oxybutynin XL, oxybutynin 
transdermal) and newer drugs (e.g., trospium, darifenacin, sole-
fenacin) for overactive bladder over older, cheaper, immediate-
release oxybutynin are more favorable side effect profi les (but no 
more effi cacy). In animal models, these agents demonstrate more 
selectivity for the bladder than for the salivary glands, but some 
insist that the tolerability and effectiveness of agents are related 
to their antimuscarinic activity. Although use of immediate-
release oxybutynin in older patients who are tolerant of side 
effects is possible, consensus guidelines recommend against 
immediate-release oxybutynin.60 One newer agent, tolterodine, 
has been shown to have a slight decrease in effi cacy and no 
decline in tolerability.61

The potential for severe anticholinergic side effects is much 
more likely in older adults than in younger adults. Patients with 
Alzheimer’s disease must be followed for the development of 
drug-induced delirium. Patients with cognitive impairment may 
be taking cholinesterase-inhibitor agents (i.e., medications for 
dementia that offer small gains in cognition and slower rates of 
cognitive decline). The potential interaction can be clinically 
evident at times; patients may have a worsening of their cognition 
with bladder relaxants (i.e., anticholinergic effect)13 or may have 
a worsening in their continence with acetylcholinesterase inhibi-
tors (i.e., procholinergic effects). Research has shown that recep-
tor targeting or properties that prevent a drug from crossing the 
blood-brain barrier may be important considerations in whether 
a medication will have effects on cognition. One study using 
darifenacin demonstrated in 129 nondemented patients that 
active drug did not have any signifi cantly greater effect on cogni-
tion compared with placebo.62 Drugs specifi cally indicated for use 
in urinary incontinence or overactive bladder likely offer some 
advantage over other drugs with more pronounced systemic anti-
cholinergic side effects.63 Several studies suggest that cognitive 
and physical functional impairments are associated with poor 
responses to bladder-relaxant drug therapy.64-66 The results of 
these studies should not preclude a treatment trial in this patient 
population. Some patients may respond, especially in conjunc-
tion with scheduled toileting or prompted voiding. The goal 
of treatment in these patients may not be to cure the incon-
tinence but to reduce its severity and prevent discomfort and 
complications.

For stress incontinence, drug treatment involves a combina-
tion of an α-adrenergic agonist, duloxetine67 (approved in Europe 
but not in the United States for treatment of stress incontinence), 
a selective serotonin reuptake inhibitor (SSRI) medication used 
in the treatment of depression, or topically applied estrogen, or 
both. Drug treatment is appropriate for motivated patients who 
have mild to moderate degrees of stress incontinence, do not 
have a major anatomic abnormality (e.g., large cystocele), and do 
not have any contraindications to these drugs. Although there are 
few published data on duloxetine in older patients, its inclusion 
here is merited because of the dearth of other medications for the 
treatment of stress urinary incontinence. Duloxetine generally 
enhances urine storage by facilitating the vesical sympathetic 
refl ex pathway and inhibiting the parasympathetic voiding 
pathway. Duloxetine has been shown to increase signifi cantly 
bladder capacity and sphincter tone without interfering with the 
normal voiding cycle. Duloxetine has also been evaluated for 
depression and lower urinary tract disease.67

α-Agonist medications that may be given for stress urinary 
incontinence have an effect on hypertension. The most com-
monly used over-the-counter medication previously used for 
stress urinary incontinence was phenylpropanolamine, which 
was removed from the market in 2000 because it was shown in 
women to be highly associated with intracranial hemorrhage 
when used as a dietary aid, which leaves pseudoephedrine as the 
over-the-counter agent. Pseudoephedrine may exacerbate hyper-
tension and contribute to insomnia in some older patients. These 
patients may also respond to behavioral treatments (discussed 
later), and some data suggest that the two treatment modalities 
are roughly equivalent, with about three fourths of patients 
reporting improvement.68 A combination of these modalities can 
be a reasonable approach for some patients.

Estrogen alone is not as effective as it is in combination 
with an α-agonist for stress incontinence. Estrogen is also used 

Table 94-7 Primary Treatments for Different Types of 
Urinary Incontinence in Elderly Women

Type of Incontinence Primary Treatment

Stress Pelvic muscle (Kegel) exercises
α-Adrenergic agonists
Estrogen
Biofeedback, bladder training
Surgical intervention

Urge Bladder relaxants
Estrogen topically (if vaginal atrophy 

is present)
Behavioral intervention (e.g., bladder 

training, biofeedback)
Surgical removal of pathologic lesions

Overfl ow* Surgical removal of obstruction
Intermittent catheterization (if 

practical)
Indwelling catheterization

Functional Behavioral therapies (e.g., prompted 
voiding, habit training)

Environmental manipulations
Incontinence undergarments and pads
External collection devices
Bladder relaxants (selected patients)†

Indwelling catheters (selected 
patients)‡

*Overfl ow incontinence is no longer a recommended term (since 2002) 
by the International Continence Society, which favors the terminology of 
acute or chronic retention of urine.57

†Many patients with functional incontinence also have detrusor hyper-
refl exia, and some may benefi t from bladder relaxant drug therapy.
‡See Box 94-3.
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chronically or intermittently (i.e., 1- to 2-month courses) for the 
treatment of overactive bladder symptoms and urge incontinence 
in women with atrophic vaginitis and urethritis.

Given that lack of estrogen results in conditions that make 
urinary incontinence more likely, several studies have examined 
estrogen as a preventive agent or therapy for urinary inconti-
nence. In a large study of more than 20,000 women, oral estro-
gens (0.625 mg of conjugated equine estrogen, with and without 
progesterone) were shown to increase the risk of developing 
urinary incontinence at 1 year. Among women who were incon-
tinent, estrogen treatment worsened the frequency of urinary 
incontinence.1 Despite the pessimism about using oral estrogens, 
there may still be a role for topical estrogen. Its administration 
has been shown to yield signifi cant improvements in colposcopic 
fi ndings, statistically signifi cant increases in mean maximum 
urethral pressure and mean urethral closure pressure, and im-
provements in the abdominal pressure transmission ratio to the 
proximal urethra. The continence outcomes are less well under-
stood.69 It is not possible to infer that because low estrogen 
levels are associated with physiologic changes, hormone replace-
ment will reverse these changes, restore function, or reduce 
symptoms.

Drug treatment for chronic overfl ow incontinence using a 
cholinergic agonist or an α-adrenergic antagonist is usually not 
effective, although anecdotal reports suggest α-blockers may be 
useful in some female patients. Bethanechol may be helpful when 
given for a brief period subcutaneously in patients with persistent 

bladder contractility problems after an overdistention injury, but 
it is generally not effective when given orally over the long 
term.70

Symptomatically and urodynamically, many elderly women 
have a combination of urge and stress incontinence. In theory, a 
combination of estrogen and imipramine may be appropriate for 
these patients because imipramine has both anticholinergic and 
α-adrenergic effects. When urge incontinence is the predomi-
nant symptom, a combination of estrogen and oxybutynin would 
be appropriate. Behavioral interventions are also a reasonable 
approach to women with mixed incontinence.

Behavioral Interventions
Many types of behavioral procedures have been described for the 
management of urge and stress urinary incontinence.71,72 The 
nosology of these procedures has been somewhat confusing, and 
in much of the literature, the term bladder training is used to 
encompass a wide variety of techniques. It is important to distin-
guish between procedures that are patient dependent (i.e., require 
adequate function and motivation of the patient), in which the 
goal is to restore a normal pattern of voiding and continence, and 
procedures that are caregiver dependent and can be used for 
functionally disabled patients, in which the goal is to keep the 
patient and environment dry (Table 94-8).

Pelvic muscle (Kegel) exercises consist of repetitive contrac-
tions of the pelvic fl oor muscles. This procedure is taught by 
having the patient interrupt voiding. This technique should be 

Table 94-8 Behavioral Interventions for Urinary Incontinence in Elderly Women

Procedure Defi nition Types of Incontinence Comments

Patient dependent
Pelvic muscle (Kegel) 

exercises
Repetitive contraction of pelvic fl oor 

muscles
Stress
Stress and urge

Requires adequate function and 
motivation

Biofeedback Use of bladder, rectal, or vaginal 
pressure recordings to train 
patients to contract pelvic fl oor 
muscles and relax bladder

Requires equipment and trained 
personnel

Bladder training Use of educational components of 
biofeedback, bladder records, 
pelvic muscle, and other 
behavioral exercises

Stress and urge Requires trained therapist, 
adequate cognitive and 
physical function, and patient 
motivation

Bladder retraining Progressive lengthening or 
shortening of intervoiding interval, 
with adjunctive techniques*

Intermittent catheterization used in 
patients recovering from 
overdistention injuries with 
persistent retention

Acute (e.g., postcatheterization 
with urge or overfl ow, 
poststroke)

Goal is to restore normal pattern 
of voiding and continence; 
requires adequate cognitive 
and physical function and 
patient motivation

Caregiver dependent
Scheduled toileting Fixed toileting schedule Urge and functional Goal is to prevent wetting 

episodes
Prompted voiding Regular opportunities to toilet with 

behavioral reinforcement
Can be used in patients with 

impaired cognitive or physical 
functioning

Habit training Toileting based on established 
individual pattern with behavioral 
reinforcement

Requires staff or caregiver 
availability and patient 
motivation

*Techniques to trigger voiding (e.g., running water, stroking thigh, suprapubic tapping), completely emptying the bladder (e.g., bending forward, 
suprapu bic pressure), and alterations of fl uid or diuretic intake patterns may be helpful for some patients.
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used only to identify the proper muscles, and patients should be 
discouraged from doing this repeatedly because of the potential 
risk of teaching patients dysfunctional voiding habits. To get a 
sense of the muscles used, the patient is asked to squeeze the 
examiner’s fi ngers during a vaginal examination (without doing 
a Valsalva maneuver, which is the opposite of the intended effect). 
One exercise consists of a several-second squeeze and a several-
second relaxation. Once learned, the exercises should be prac-
ticed many times throughout the day (usually 75 exercises per 
day, broken down into three sessions of 25 exercises each), and 
they should be used in everyday life during situations (e.g., 
coughing, running water) in a variety of positions (e.g., sitting, 
standing, lying down) that can precipitate incontinence. Pelvic 
muscle exercises may be taught in conjunction with biofeedback 
procedures and can be especially helpful for women who bear 
down (i.e., increasing intra-abdominal pressure) when they 
attempt to contract the pelvic fl oor muscles. Vaginal cones 
(weights) may be useful adjuncts to pelvic muscle exercises in 
some patients.

Biofeedback procedures involve the use of bladder, rectal, or 
vaginal pressure or electrical activity recordings to train patients 
to contract the pelvic fl oor muscles and relax the bladder. Studies 
have shown that these techniques can be very effective for manag-
ing stress and urge incontinence, even in the elderly.73 The use of 
biofeedback techniques may be limited by requirements for 
equipment and trained personnel; some of these techniques 
are relatively invasive and require the use of bladder or rectal 
catheters, or both. Some newer biofeedback techniques use 
surface electrodes and are less invasive. Electrical stimulation 
vaginally or rectally has also been used in the management of 
stress and urge incontinence. Research suggests that excellent 
results can be achieved in some older women in treating stress 
and urge incontinence without the use of electrical stimulation 
or computer-assisted biofeedback.74,75 In contrast to medication 
therapy, the degree of continence achieved with pelvic muscle 
exercises is not as highly correlated with an increase in bladder 
capacity.76

Other forms of patient-dependent training procedures include 
various forms of bladder training and bladder retraining. Bladder 
training procedures involve the educational components taught 
during biofeedback but not the use of biofeedback equipment. 
Patients are taught how to do pelvic muscle exercises, provided 
strategies for managing urgency, and instructed to regularly use 
bladder records. These techniques are highly effective in selected 
community-dwelling patients, especially women.77 Investigators 
have attempted to identify baseline characteristics that predict 
clinical success with behavioral techniques. It is probably more 
important to discuss factors that do not predict worse outcomes: 
greater age, greater parity, lower levels of education, and previous 
surgery (the latter two may actually predict greater success).78

The goal of caregiver-dependent behavioral interventions, 
such as prompted voiding and habit training, is to prevent incon-
tinence episodes rather than restore the normal pattern of voiding 
and complete continence. These procedures have been shown to 
be effective in reducing incontinence in selected nursing home 
residents. In its simplest form, scheduled toileting involves toilet-
ing the patient at regular intervals, usually every 2 hours during 
the day and every 4 hours during the evening and night. Habit 
training involves a schedule of toiletings or prompted voidings 
that is modifi ed according to the patient’s pattern of continent 
voids and incontinence episodes as demonstrated by a monitor-
ing record. Positive reinforcement is offered for continent voids 

and neutral reinforcement when incontinence occurs. Adjunctive 
techniques to prompt voiding (e.g., running tap water, strok-
ing the inner thigh, suprapubic tapping) and to help empty the 
bladder completely (e.g., bending forward after completion of 
voiding) may be helpful for some patients. Prompted voiding has 
been the best studied of these procedures. It is a simple behavioral 
procedure that combines several of the elements mentioned 
earlier.79 The success of these procedures is largely dependent on 
the knowledge and motivation of the caregivers implementing 
them, rather than on the physical functional and mental status 
of the incontinent patient. These techniques are not feasible in 
home settings without available caregivers. For these types of 
procedures to be feasible and cost-effective in the nursing home 
setting, the amount of time generally spent by the nursing staff 
in changing patients after incontinence episodes should not be 
exceeded by the time and effort needed to implement such train-
ing procedures. Targeting these procedures to selected patients, 
such as those with less frequent voiding and larger bladder capac-
ities or voided volumes, may enhance their cost-effectiveness.79 

Quality assurance methods, based on principles of statistical 
quality control used in industry, have been shown to be helpful 
in maintaining the effectiveness of prompted voiding in nursing 
homes.80

Surgery
Surgical interventions are described in detail in other chapters in 
this textbook. Surgery should be considered for elderly women 
with stress incontinence that continues to be bothersome after 
attempts at nonsurgical treatment have been made and in women 
with a signifi cant degree of pelvic prolapse or intrinsic urethral 
dysfunction. As with many other surgical procedures, patient 
selection and the experience of the surgeon are critical to success. 
Several case series have demonstrated that with proper patient 
selection, even elderly adults can successfully undergo surgery, 
but the number of overall incontinence procedures in older 
women remains low. All women being considered for surgical 
therapy should have a thorough evaluation, including urody-
namic tests, before undergoing the procedure. Women with 
mixed stress incontinence and detrusor motor instability may 
also benefi t from surgery, especially if the clinical history and 
urodynamic fi ndings suggest that stress incontinence is the pre-
dominant problem. Modifi ed techniques of bladder neck suspen-
sion can be done with minimal risk and are highly successful in 
achieving continence, even in the elderly. Urinary retention can 
occur after surgery, but it is usually transient and can be managed 
by intermittent catheterization. Injection of bulking agents 
appears to be effective in older women, and age does not appear 
to correlate with outcomes.81 This procedure may be especially 
helpful for frail older women who have stress or mixed inconti-
nence that has not responded to behavioral or drug therapy.

Catheters and Catheter Care
Three basic types of catheters and catheterization procedures are 
used for the management of urinary incontinence: external cath-
eters, intermittent straight catheterization, and chronic indwell-
ing catheterization. An external catheter for use in women is 
commercially available, but its safety and effectiveness have not 
been well documented in the elderly. Intermittent catheterization 
can help in the management of patients with urinary retention 
and overfl ow incontinence. The procedure can be carried out by 
the patient or a caregiver, and it involves straight catheterization 
two to four times daily, depending on residual urine volume. In 
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the home, the catheter should be kept clean (but not necessarily 
sterile). Studies conducted largely among younger paraplegics 
have shown that this technique is practical and reduces 
the risk of symptomatic infection compared with chronic 
catheterization.

Self-intermittent catheterization has been shown to be feasible 
for elderly women outpatients who are functional and are willing 
and able to catheterize themselves.82 However, studies carried out 
in young paraplegics and elderly female outpatients cannot auto-
matically be extrapolated to frail elderly women or the institu-
tionalized population. The technique may be useful in certain 
patients in acute care hospitals or nursing homes, such as those 
who have undergone bladder neck suspension, or in certain situ-
ations, such as after removal of an indwelling catheter in a 
bladder-retraining protocol. Nursing home residents, however, 
may be diffi cult to catheterize, and the anatomic abnormalities 
commonly found in elderly patients’ lower urinary tracts may 
increase the risk of infection because of repeated straight cathe-

terizations. Use of this technique in an institutional setting (which 
may have an abundance of organisms that are relatively resistant 
to many commonly used antimicrobial agents) may yield an 
unacceptable risk of nosocomial infections, and the use of sterile 
catheter trays for these procedures would be very expensive. It 
therefore may be extremely diffi cult to implement such a program 
in a typical nursing home setting.

Chronic indwelling catheterization is overused in some set-
tings, and when used for periods of up to 10 years, it has been 
shown to increase the incidence of a number of other complica-
tions, including chronic bacteriuria, bladder stones, periurethral 
abscesses, and even bladder cancer. Elderly female nursing home 
residents managed by this technique are at relatively high risk for 
developing symptomatic infections.83 Given these risks, it seems 
appropriate to recommend limiting the use of chronic indwelling 
catheters to certain specifi c situations and to follow sound prin-
ciples of catheter care when using indwelling catheterization to 
attempt to minimize complications (Box 94-3).

Indications
 1. Urinary retention that
 Is causing persistent overfl ow incontinence, symptomatic 

infections, or renal dysfunction
 Cannot be corrected surgically or medically
 Cannot be managed practically with intermittent 

catheterization
 2. Skin wounds, pressure sores, or irritations that are being 

contaminated by incontinent urine
 3. Care of terminally ill or severely impaired patients for 

whom bed and clothing changes are uncomfortable or 
disruptive

 4. Preference of patient or caregiver when patient has failed 
to respond to more specifi c treatments

Catheter Care
 1. Maintain sterile, closed, gravity drainage system; change 

the catheter every 4 to 8 weeks.
 2. Avoid breaking the closed system.
 3. Use clean techniques in emptying and changing the drain-

age system; wash hands between patients in institutional-
ized settings.

 4. Secure the catheter to the upper thigh or lower abdomen 
to avoid perineal contamination and urethral irritation due 
to movement of the catheter.

Box 94-3 Indications for and Principles of Chronic Indwelling Catheter Use

 5. Avoid frequent and vigorous cleaning of the catheter 
entry site; washing with soapy water once each day is 
suffi cient.

 6. Do not irrigate routinely.
 7. If bypassing occurs in the absence of obstruction, consider 

the possibility of a bladder spasm, which can be treated 
with a bladder relaxant.

 8. If catheter obstruction occurs frequently, increase the 
patient’s fl uid intake and acidify the urine if possible.

 9. Do not routinely use prophylactic or suppressive urinary 
antiseptics or antimicrobials.

10. Do not perform routine surveillance cultures to guide 
management of individual patients because all chronically 
catheterized patients have bacteriuria (which is often 
polymicrobial), and the organisms change frequently.

11. Do not treat infection unless the patient develops 
symptoms; symptoms may be nonspecifi c, and other 
possible sources of infection should be carefully 
excluded before attributing symptoms to the urinary 
tract.

12. If a patient develops frequent symptomatic urinary tract 
infections, a genitourinary evaluation should be considered 
to rule out pathology such as stones, periurethral or pros-
tatic abscesses, or chronic pyelonephritis.
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URODYNAMICS EVALUATION IN THE ELDERLY
Pat O’Donnell

Urodynamic studies are the most comprehensive objective clini-
cal measures of bladder and urethra function available for the 
clinical evaluation of elderly women with urinary incontinence 
or any other voiding dysfunction. Although urodynamic studies 
have many limitations, the clinical information derived from 
these studies is invaluable for making reasonable long-term man-
agement decisions in the treatment of urinary incontinence in 
older women. Comprehensive urodynamic studies are accepted 
well by older women, and discomfort or complications related to 
the studies do not preclude performing studies, even in frail 
elderly women.

Elderly incontinent women represent a group of patients who 
derive the most clinical benefi t from urodynamic studies because 
of the complexity of voiding dysfunctions in this patient popula-
tion and the impact that these voiding dysfunctions have on the 
quality of life in older women. Although the consequences of 
urinary incontinence in younger women are debilitating and life 
changing, it is primarily the elderly women who are placed in 
nursing homes because of it. Urodynamic studies represent a 
diagnostic evaluation available that has the potential to change 
the outcome of long-term incontinence therapy in older women. 
Successful treatment of voiding dysfunctions in older women has 
a profound impact on the quality of life of these patients, which 
emphasizes the importance of the diagnostic clinical information 
from urodynamic studies. Urodynamic studies provide the clini-
cian with a basic understanding of the pathophysiology of the 
complex condition of incontinence in older women.

The clinical value of urodynamic studies in elderly women 
refl ects the magnitude of the problem of incontinence in this 
patient population. The incidence of incontinence is higher 
among older women than younger women. The personal impact 
of urinary incontinence on quality of life is so powerful that it 
can potentially take an older woman away from her home in a 
community-dwelling environment to the chronic-care environ-
ment of a nursing home. The life-changing consequences 
of incontinence are so great that aggressive evaluation should 
be considered as an initial part of management of these older 
patients.

Changes in the bladder and urethral function, along with the 
changes in physical and mental function, that are associated with 
aging signifi cantly complicate the diagnosis and management of 
incontinence in older women. Although voiding dysfunctions in 
this group represent a survival risk related to complications such 
as urinary tract infections or hip fractures associated with noctu-
ria and urge urinary incontinence, the most common reasons to 
consider initial comprehensive urodynamic studies in elderly 
women are the quality-of-life concerns of the patient about activ-
ities that matter most in her daily life. These are the activities she 
needs to do each day to care for herself and the activities that she 
enjoys and that make life worthwhile. The long-term choices 
about evaluation and management are personal decisions by the 
individual patient that are based on the information provided to 

her by the physician, the recommendations made to her by the 
physician, and how she chooses to use that information to live 
the rest of her life the best way possible. The diagnostic informa-
tion provided by urodynamic studies is necessary for the physi-
cian to counsel the patient about the many decisions that she 
must make over time regarding the long-term management of 
her bladder symptoms.

The mental functional status and physical functional status of 
an elderly individual determine to some extent to how she can 
participate in the choices about evaluation and therapy. The 
choices may be different if an elderly woman is in a community-
dwelling, assisted-living, or chronic-care environment. The avail-
ability of family support is important in decisions about 
urodynamic studies and long-term management of urinary 
incontinence. If family members and the patient understand the 
value of urodynamic studies in clinical management decisions, 
the patient can commit to maximum personal participation in 
the procedure. The commitment by the patient and her family to 
the choice that she makes about comprehensive evaluation and 
long-term therapy is an essential component of the quality of the 
urodynamic studies and the clinical value of the information 
provided by the studies for the physician.

Occasionally, family members of older women may have 
unrealistic expectations about treatment outcomes. The patient 
also may have treatment expectations that are not realistic. This 
situation is even more diffi cult for the physician when the family 
or the patient does not have a commitment to working through 
complications of therapy or treatment failure. In these circum-
stances, the urodynamic studies can be very helpful in provid-
ing objective information about the complexity of the clinical 
problem that can be communicated to the patient and her family. 
Urodynamic studies provide objective clinical information that 
allows realistic expectations about therapy and provide a basis for 
a personal commitment to therapy that needs to be made by the 
patient and her family.

Urodynamic studies help the physician advise an older woman 
about her condition, explain the treatment choices that are rea-
sonable, and help her to understand the possible treatment out-
comes so that her expectations are realistic and she can become 
an active participant with the physician in the long-term manage-
ment process. Because of the complexity of incontinence in older 
women, the partnership between the physician and the patient 
in the long-term management of urinary incontinence is an 
extremely important relationship. Complex urodynamic studies 
that are well performed have a positive impact on the relationship 
between the physician and the elderly patient. As a result, the 
physician is better able to recommend a practical approach to 
therapy, and the patient can become a confi dent partner in a 
process that is usually a long-term relationship. Urinary inconti-
nence in older women rarely has a single therapeutic modality 
that results in complete resolution of bladder problems. Instead, 
voiding dysfunctions in older women usually require long-term 
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treatment with a therapeutic goal of decreasing the severity of 
symptoms over time. Therapeutic choices and periodic changes 
in treatment need to be based on the best urodynamic studies 
available. Repeating the urodynamic studies during long-term 
management of older women can be valuable to the physician in 
altering the course of therapy.

URODYNAMICS LABORATORY

A laboratory for urodynamic evaluation of incontinence in 
elderly women needs to have the highest diagnostic capabilities 
possible and to be a very comfortable and congenial experience 
for the patient. The ambience of a urodynamics laboratory for 
older women is one of the most important aspects of the evalua-
tion. Because the performance of the measurements alters the 
very functions that are being measured, the environment needs 
to feel as much like home to the patient as possible to minimize 
the measurement effect on the study results. A comfortable envi-
ronment can make it possible for an older woman to be an active 
participant in the studies, and it enables the study results to 
provide the best possible information about her bladder and 
urethral function relative to symptoms experienced during her 
daily life.

Another important aspect of the urodynamics laboratory is 
the relationship between the urodynamicist and the patient. 
Scheduling extra time in the laboratory before the studies is 
helpful in developing a personal relationship that is nurturing 
and congenial to minimize any feelings of fear and anxiety that 
the older patient may experience during the studies. Older women 
are often more diffi cult to engage in active participation in the 
studies than younger women. Because the complexity of bladder 
dysfunctions and functional impairment is greater in older 
women compared with younger women, the studies are consider-
ably more diffi cult to perform and usually require more time to 
complete.

When performing urodynamic studies in older women, the 
urodynamicist sometimes may feel like a fl ight attendant who 
says, “In the event of a sudden loss in cabin pressure, place the 
oxygen mask over your nose and mouth and breathe normally.” 
It is not likely that anyone would breathe normally under those 
conditions. Although it is necessary to recognize the artifi cial 
conditions of the urodynamics laboratory, the goal is to create an 
environment and testing experience that allows the measured 
behavior of the bladder in elderly women to be as normal as pos-
sible. It is one of the primary objectives during testing of older 
women to minimize the measurement effects of the urodynamic 
studies on normal bladder and urethral function.

Comprehensive urodynamic studies in older women are not 
like an electrocardiogram of the bladder in the way the studies 
are performed and interpreted. Much of the information required 
for interpretation of urodynamic studies is recorded by the uro-
dynamicist as the studies are being done by describing events and 
sensations experienced by the older patient. The training and 
experience of the urodynamicist is an integral part of the diag-
nostic capabilities of the urodynamics laboratory.

The symptoms experienced by the older woman are less pre-
dictive of urodynamic fi ndings than those in younger women.1 
The voiding history and physical examination do not provide 
enough clinical information to make decisions about treatment 
in older women without the additional information provided by 
urodynamic studies. However, the urodynamicist needs to know 

the clinical history and the observations made on physical exami-
nation to perform the best studies possible for the patient. Because 
urodynamic studies are more diffi cult to perform in older women 
and the results are so important in clinical management decisions 
for these patients, measurements often need to be repeated during 
the initial testing procedure to ensure that the clinical informa-
tion provided is as complete and accurate as possible.

It is a goal of the urodynamicist to duplicate the clinical symp-
toms described by the patient in the urodynamics laboratory. 
However, the symptoms experienced during the daily life of an 
older woman often do not occur during the urodynamic studies. 
In the elderly population, another approach to evaluation may 
be necessary. If the clinician can identify the symptoms experi-
enced by the patient during her daily activities as completely and 
thoroughly as possible, the urodynamic studies can be used to 
better understand why she experiences those symptoms and what 
can be done to treat the symptoms based on the information 
provided by the studies.

The diagnostic capabilities of the urodynamic testing equip-
ment are frequently a concern of the physician. Physicians do not 
want to be limited in their diagnostic capabilities by the limita-
tions of the equipment in the urodynamics laboratory. Although 
midlevel equipment from most manufacturers can provide the 
basic information needed for most patients, higher-level equip-
ment is preferred for elderly women because of the complexity 
of the clinical problems. However, the most expensive equipment 
does not ensure high-quality studies. The ambience of the labora-
tory and the skill of the urodynamicist are as important as the 
capabilities of the equipment. Because elderly women usually 
have more complex voiding dysfunctions than younger women, 
the higher-level equipment is often required to meet the perfor-
mance needs of the clinician in testing these patients.

Urodynamic studies are objective measurements that require 
a signifi cant knowledge of lower urinary tract function and clini-
cal experience for interpretation. Similar knowledge and experi-
ence are required to clinically use the urodynamic studies 
to make reasonable recommendations for treatment in older 
women. Each study or test can provide only a fraction of the 
clinical data, and to see the complete clinical picture and make 
treatment decisions, especially for older patients, the physician 
needs comprehensive urodynamic studies.

Urodynamic studies of older women are needed when consid-
ering pharmacologic, behavioral, or surgical therapy. It is much 
easier to change medications or combine pharmacologic therapy 
with behavioral therapy than it is to revise an operation. However, 
any long-term treatment needs to be based on the most complete 
clinical information available. Without urodynamic studies, the 
clinician is voluntarily relinquishing the most comprehensive 
objective measurements of bladder and urethral function that are 
available. Without urodynamic studies in this population, the 
opportunity of providing the most appropriate initial treatment 
is signifi cantly decreased, even when nonsurgical therapy is rec-
ommended. An ineffective trial of pharmacologic therapy without 
urodynamic studies is rarely harmful in the long term, but the cost 
to the elderly woman is time and money at a moment in her life 
when she often feels she has little of either.

NONINVASIVE URINARY FLOW STUDIES

Noninvasive urinary fl ow studies are relatively easy to perform 
in younger women but can be diffi cult to perform in older women 
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for many reasons. Older patients with urinary incontinence often 
have an impaired ability to inhibit involuntary detrusor contrac-
tions and an impaired ability to voluntarily initiate a bladder 
contraction.2 The older woman is usually instructed to arrive at 
the urodynamics laboratory with her bladder as full as possible 
so that the noninvasive urinary fl ow study can be done. She 
might have “had to go” just before coming to the urodynamics 
laboratory, or she might have had an “accident” just before 
arrival. She may be unable to voluntarily void even though she 
has not voided for hours. Catheterization of the bladder in an 
elderly woman who is unable to void often demonstrates a rela-
tively large amount of urine in the bladder. The volume of urine 
obtained in this case is not a postvoid residual urine volume 
because the patient was unable to void. It is common for older 
women with urinary incontinence to be unable to prevent or 
initiate a bladder contraction. In contrast, young women can 
usually voluntarily void at almost any time.

It is helpful to have a urinary fl ow unit in the offi ce so that 
measurement of urinary fl ow rate can be done many times for 
older women to determine as closely as possible the urinary fl ow 
characteristics of the patient. An ultrasound postvoid residual 
volume measurement unit in the offi ce allows the assessment to 
be done with each offi ce visit to obtain multiple determinations. 
Ultrasound bladder volume measurements have been shown to 
have a high correlation with catheterized volume measurements 
in elderly patients.3 Although the measurement of the postvoid 
residual urine volume is a simple method to evaluate bladder 
emptying in elderly patients, it is not possible to predict the type 
of bladder dysfunction that the patient has without additional 
studies.4

Urethral Pressure Profi le

The maximum urethral pressure and urethral length decrease in 
continent women with increasing age.5 Clinical evaluation of 
urethral function in older women is one of the most important 
aspects of assessment of lower urinary tract function. However, 
urethral function remains one of the most elusive measurements 
of lower urinary tract function. Urethral dysfunction of some 
type is usually a component of urinary incontinence in older 
women. The urethral pressure profi le (UPP) measurements in 
women signifi cantly correlate with incontinence episodes and 
absorbent pad use.6 Although the UPP measurements have a 
signifi cant correlation with incontinence severity, the UPP is a 
measurement of resting urethral pressure and not a direct mea-
surement of continence. This distinction is important when using 
the UPP measurement in clinical decisions.

Assessment of urethral sphincter dysfunction may require a 
composite of historic, urodynamic, anatomic, and clinical sever-
ity criteria.7 The composite of intrinsic sphincter defi ciency has 
been suggested to include a maximum urethral closure pressure 
less than or equal to 20 cm/H2O, a Valsalva leak point pressure 
of less than or equal to 50 cm/H2O, and a stress urethral axis less 
than or equal to 20.7

The concept that intrinsic functional properties of the urethra 
exist that contribute to the integrity of the urethral continence 
mechanism resulted from many years of clinical work by McGuire 
and others.8,9 During the 1970s, McGuire and Lytton8 observed 
that women who had failed previous incontinence procedures 
had poor urethral function indicated by low urethral pressure. 
McGuire and colleagues9 subsequently categorized women who 
have poor urethral function as having type III incontinence. Type 

III incontinence refers to a poorly closed proximal sphincter 
identifi ed by video urodynamics and leak point pressure mea-
surement. Intrinsic sphincter defi ciency refers to a low-pressure 
urethra identifi ed using UPP measurements recorded in the mid-
urethral high-pressure zone. The UPP and abdominal leak point 
pressure (ALPP) assessments are performed differently and iden-
tify different characteristics of urethral function. Although the 
low-pressure urethra and the type III urethra identify different 
aspects of urethral function, the clinical objective of both studies 
is to recognize women who have severely compromised urethral 
function. Because clinical evaluation of urethral function in older 
women is important in the management of incontinence, the 
UPP and ALPP measurements can be used to better characterize 
urethral dysfunction. Although the UPP has many limitations, 
the measurements can contribute to the information obtained 
from ALPP assessment if the UPP is used appropriately. Elderly 
women who have intrinsic sphincter defi ciency based on the UPP 
should be clinically identifi ed and counseled about treatment 
because of the higher risk for failure of any therapeutic approach 
in this group.10,11

The maximum urethral closure pressure and the Valsalva leak 
point pressure are signifi cantly decreased with increasing severity 
of the incontinence grade.13 Some studies have suggested a sta-
tistically signifi cant relationship between the UPP and ALPP.12-15 
From a clinical management perspective, the UPP and ALPP are 
different measurements of urethral function that can be useful in 
combination, but they are not comparable measurements.

UPP measurements are usually performed using micro tip 
transducers. Although many techniques have been used, the 
microtip transducer remains the clinical standard for UPP mea-
surements. A dual-channel microtip catheter is preferred. It has 
a microtip transducer located at the tip of the catheter for bladder 
pressure measurement and a microtip transducer located approx-
imately 5 cm proximally for measurement of urethral pressure. 
The subtraction of intravesical pressure from urethral pressure 
produces the urethral closure pressure profi le.16 The dual-channel 
microtip transducer allows the urodynamicist to perform stress 
UPP measurements. An electronic catheter puller is used to 
ensure a constant rate as the catheter passes through the urethra. 
Because of measurement variations in the UPP, many measure-
ments are done to determine the maximum resting urethral pres-
sure. The UPP measurement in older women is usually performed 
in the supine position because of measurement artifact that 
occurs in the standing position.

A stress UPP is a measure of the difference between the intra-
vesical pressure and intraurethral pressure during stress maneu-
vers such as coughing. A stress pressure profi le is performed in 
the same way as a resting UPP with additional instructions for 
the patient to cough during the urethral pressure measurement. 
Usually, the patient is instructed to cough approximately six or 
more consecutive times as the UPP catheter is pulled through the 
functional urethra at a rate of approximately 1 mm per second. 
The pressure transmission ratios of a stress pressure profi le mea-
surement have been found to be suffi ciently reproducible to be 
useful in characterizing stress sphincteric function.17

During coughing, an increase in urethral pressure occurs that 
is usually greater in magnitude than the increase in abdominal 
pressure, which indicates that active and passive compensatory 
pressure mechanisms are involved in continence. Denervation of 
the urethra, hypermobility of the urethra, and intrinsic dysfunc-
tion of the urethra are some of the reasons that the normal 
compensatory pressure mechanisms fail. A negative pressure 
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gradient between the urethra and bladder during coughing indi-
cates that the pressure compensatory mechanisms of the urethra 
are not functioning normally. Urethral function studies in healthy 
women compared with women having genuine stress inconti-
nence show that the active closure mechanisms at the bladder 
neck and mid-urethra are signifi cantly weakened in women with 
genuine stress incontinence, and the results do not support the 
concept that impaired passive pressure transmission to the 
urethra is an important pathophysiologic factor in genuine stress 
incontinence.18 A dynamic active closure mechanism has been 
demonstrated at the bladder neck in addition to the dyna-
mic closure mechanism that is located in the middleurethra.18 
Increases in urethral closure pressure during coughing probably 
occur because the urethra is compressed against a hammock 
supportive layer, rather than the urethra being truly intra-
abdominal.19 These observations do not support the concept of 
passive abdominal pressure transmission to an intra-abdominal 
urethra as the mechanism of urethral continence.

Pelvic organ prolapse can produce obstructive symptoms and 
prevent or reduce urinary leakage.20 The resting urethral pressure 
is often higher than expected in women who have a cystocele. 
The resting UPP measurement is usually done initially without 
cystocele reduction. Repeat urethral pressure measurements are 
done after cystocele reduction. Results of the Scopettes (Birch-
wood Laboratories, Eden Prairie, MN) reduction technique to 
reduce prolapse revealed a 56% incidence of low-pressure urethra 
and stress urinary incontinence in 83% of patients with grade 
4 vaginal prolapse.21 A statistically signifi cant relationship 
exists between urethral incompetence and hypermobility of the 
urethra.22 If a signifi cant decrease in resting urethral pressure 
occurs with reduction of the cystocele, surgical reduction of the 
cystocele can be expected to produce an even greater decrease in 
resting urethral pressure.

The effect of a cystocele on the UPP can indicate relatively 
good urethral function even though the actual urethral function 
after surgical repair of the cystocele may be signifi cantly compro-
mised. The change in urethral pressure with cystocele reduction 
in the laboratory setting can be helpful for indicating changes in 
urethral function after surgical repair of the cystocele. However, 
in some older women, surgical reduction of a cystocele can result 
in a profound decrease in urethral function compared with pre-
operative manual reduction of the cystocele in the urodynamics 
laboratory.

Abdominal Leak Point Pressures

An ALPP is a measure of the lowest total bladder pressure at a 
known volume at which leakage occurs during prompted 
increases in abdominal pressure.23 The total bladder pressure is 
equal to the sum of the detrusor pressure and the abdominal 
pressure measured in the bladder. If the bladder compliance is 
normal, the abdominal pressure is usually approximately the 
same as the total bladder pressure at a low intravesical volume in 
the absence of a detrusor contraction.

A simplifi ed offi ce technique for measuring ALPP in older 
women can be done during fi lling cystometry. The patient is 
placed in a semi-erect position, and bladder fi lling is stopped at 
200 mL. The patient is instructed to strain progressively to the 
maximum abdominal pressure possible or until leaking occurs. 
The external urethral meatus is visually observed. When leaking 
is observed, the intravesical pressure is recorded. If leaking does 
not occur, the patient is instructed to cough progressively to a 

maximum coughing pressure. The point at which leaking occurs 
with coughing is recorded. If leaking does not occur, the 
maximum abdominal pressure measured is recorded, and the 
absence of leaking is documented. At this point, fi lling cystome-
try is continued. This technique is particularly suited to offi ce-
based urodynamic studies in older women. The ALPP measured 
using this technique may have measurement error causing a 
higher ALPP value because the patient is not in a full standing 
position.12 It is more diffi cult to identify leaking using a visual 
technique compared with a fl uoroscopic technique.

If fl uoroscopy is available, the measurement can be done in 
the semi-erect position or the standing position using the small-
est catheter that is practical. A 5-Fr, double-lumen catheter can 
be used. One lumen is used to fi ll the bladder, and the other 
lumen is used to measure intravesical pressure. A 3-Fr microtip 
catheter can be used to measure ALPP fl uoroscopically, but it is 
expensive and requires fi lling of the bladder with a separate cath-
eter, which may not be practical for most urodynamics laborato-
ries. A 20% iodinated contrast medium typically is used, although 
a 60% contrast medium can be used when better visualization of 
the urethra is required as in obese patients. An anteroposterior 
view of the urethra is often used, although a lateral view may 
provides better visualization of the bladder neck and mid-
urethral continence mechanisms. When a lateral view is used, 
positioning the patient about 10 degrees off a line perpendicular 
to the x-ray table places the femoral heads out of alignment and 
allows a better radiographic view of the urethra. In this position, 
the urethra is usually centered between each femur, which makes 
leaking much easier to visualize.

The measurement of ALPP in elderly women is an essential 
urethral function study. During the urodynamic studies, older 
women occasionally are unable physically to generate an abdomi-
nal pressure of 60 cm H2O, which is needed to identify type III 
incontinence if no leaking is seen. Some frail elderly women may 
have low abdominal pressures during most daily activities.

Because women who have stress incontinence usually leak in 
the standing position, it is preferable to measure the ALPP in the 
standing position. Some older women may have diffi culty stand-
ing and performing straining maneuvers at the same time. 
Although a semi-erect position is a compromise in the measure-
ment technique, it is often a more feasible position to perform 
the ALPP measurement for older women.

A cystocele can cause an error in the ALPP measurement, 
resulting in a higher abdominal pressure required for leaking. 
The ALPP can be measured with cystocele reduction using 
Scopettes, vaginal gauze packing, or a vaginal speculum.24 It is 
sometimes diffi cult to reduce the cystocele in older women 
enough in the urodynamics laboratory to be confi dent that the 
ALPP measurement accurately indicates urethral function. 
Women who demonstrate stress incontinence with the vaginal 
prolapse reduced and the urethra supported normally should be 
suspected of having type III incontinence.25 Placement of a 
pessary to reduce vaginal vault prolapse can obstruct the urethra 
and result in a measurement error.

The clinical objective of ALPP measurement in older women 
is to determine the functional status of the urethra so that a rea-
sonable clinical management recommendation can be made. 
Many older women have very complicated combinations of ure-
thral dysfunction, bladder dysfunction, and vaginal prolapse. 
Vaginal vault prolapse can signifi cantly complicate the measure-
ment of urethral function. The ALPP is an essential piece of the 
clinical puzzle, and without the leak point pressure measure-
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ments, clinical evaluation of urethral function in older women is 
not complete.

Cystometrogram

The cystometrogram is a measure of the response of the bladder 
to being fi lled.26 Cystometry is the method by which the pressure-
volume relationship of the bladder is measured.16 A medium 
fi lling rate typically is used when obtaining a cystometrogram in 
elderly women. A medium fi ll rate ranges from 10 to 100 mL per 
minute, which is a relatively wide range for older women. A lower 
fi lling rate in the medium fi lling range is preferred in older 
women to better evaluate the response of the bladder to fi lling. 
A fi lling rate of 30 mL per minute is usually satisfactory for older 
women. A slow fi lling rate of 10 mL per minute requires a long 
time to fi ll the bladder if the capacity is normal. Repeat fi lling 
of the bladder using a slow fi lling rate is a consideration for 
women who have severe detrusor instability or a very small 
bladder capacity.

A common fi lling technique uses a small (5 to 7 Fr), double-
lumen urethral catheter attached to a perfusion pump, and water 
or saline is the infusion medium. A 5-Fr urethral catheter is pre-
ferred because of the small size, although the small lumen may 
decrease the pump fl ow rate during fi lling. A larger urethral 
catheter (e.g., 6 Fr) has been shown to decrease the maximum 
urinary fl ow rate during pressure fl ow studies in women.27 The 
5-Fr, double-lumen catheter allows fi lling cystometry and pres-
sure fl ow studies to be done consecutively using the same cathe-
ter, which is an advantage for older women.

A rectal catheter is a common method for measurement of 
abdominal pressure in older women. The intravesical catheter is 
a much more reliable initial measure of intra-abdominal pressure 
than the rectal catheter measurement. For this reason, the rectal 
catheter recording is adjusted to equal the bladder pressure 
recordings during resting and straining maneuvers at baseline 
before fi lling. Using a cough and strain maneuver, the rectal 
catheter recording usually can be adjusted to almost exactly 
match the bladder pressure recording at baseline. When the rectal 
pressure channel and the bladder pressure channel are reading as 
close to the same as possible during straining maneuvers, bladder 
fi lling is begun. During fi lling, small fl uctuations in abdominal 
pressure can be seen that result from respiration, which assures 
the urodynamicist that both channels are working properly. 
Occasionally, a rectal contraction may cause the differential pres-
sure measurement to have a negative value, which usually can be 
disregarded. Spontaneous rectal contractions usually disappear 
as the study progresses.28 Rectal contractions of some type occur 
in approximately 29% of patients having urodynamic studies, 
regardless of age.29 Persistent rectal contractions are a relatively 
uncommon event while obtaining the cystometrogram in older 
women.

Bladder sensation during fi lling cystometry can be diffi cult to 
evaluate in older women because of the subjective nature of the 
measurement. The relationship of bladder sensation to bladder 
activity needs to be recorded, and identifying bladder sensation 
requires the patient to understand the importance of communi-
cating awareness of bladder sensation to the urodynamicist.

Unstable detrusor contractions may occur during the fi lling 
phase of cystometry in older women. The pressure resulting 
from involuntary detrusor contractions, the duration of the con-
tractions, and the number of contractions during fi lling varies 
considerably among patients. When an involuntary detrusor 

contraction occurs during fi lling, involuntary loss of urine usually 
occurs. A sensation of urinary urgency may precede an involun-
tary detrusor contraction, or the sensation of urgency may occur 
during the contraction. However, older women who have a 
history of urge urinary incontinence may not exhibit unstable 
detrusor contractions during fi lling.

Elderly women who have had a previous stroke with residual 
neurologic defi cits may exhibit detrusor hyperrefl exia during 
fi lling cystometry. Suprapontine lesions in elderly patients can 
result in involuntary detrusor contractions during fi lling cystom-
etry with associated electromyographic activity that has the 
appearance of detrusor sphincter dyssynergia. Involuntary loss 
of urine has occurred during phases of electromyographic 
relaxation in older patients who were studied using telemetry 
(Fig. 95-1).30

When continuous involuntary detrusor contractions occur 
during fi lling cystometry, the problem in some patients can be 
obtaining any further useful information from the studies. At 
that point, measurement of pressure fl ow studies during volun-
tary voiding would be useful, although measurements requiring 
voluntary voiding may not be possible. Further fi lling of the 
bladder should be discontinued during continuous involuntary 
contractions. After the bladder has stabilized, a slow fi lling rate 
of 10 mL per minute can sometimes allow fi lling to a volume 
adequate for voluntary voiding. Older women who cannot inhibit 
bladder contractions often have an inability to voluntarily initiate 
a bladder contraction. Sometimes, it is impossible to obtain a 
pressure fl ow study in older women who have continuous invol-
untary detrusor contractions, regardless of the techniques used 
for fi lling the bladder to a higher capacity. Same-session repeat 
cystometry and pressure fl ow studies have shown an increase in 
volume for the fi rst desire to void and normal desire to void, 
whereas the maximum cystometric capacity remained unchanged 
in healthy women.31 However, for some older women who have 
a small capacity or detrusor instability, changing to a slow fi lling 
rate can increase the maximum cystometric capacity.

If detrusor activity during fi lling cystometry remains stable, 
the fi rst or normal desire to void is recorded, a strong desire to 
void is recorded, and the maximum cystometric capacity is 
recorded. At the maximum cystometric capacity, the passive 
bladder pressure is measured to determine compliance. Compli-
ance is a measure of the change in volume per unit of change in 
pressure, and it is expressed in milliliters per centimeter of 
water.16 From a clinical management perspective, compliance is 
a measurement of the ability of the bladder to stretch without 
increasing pressure inside the bladder. A normal bladder can be 
fi lled to the maximum cystometric capacity with minimal change 
in the passive pressure within the bladder. In a study to determine 
the relationship of detrusor instability with changes in compli-
ance in 270 women, 75% of the patients showed a compliance of 
greater than 130 mL/cm, 95% showed a compliance greater than 
40 mL/cm, and women having compliance less than 40 mL/cm 
had a 16 times greater incidence of detrusor instability.32

Low bladder compliance can be a serious problem in older 
women who have had radiation therapy or previous pelvic 
surgery.33 Older women with abnormal bladder compliance often 
present with severe stress urinary incontinence. Although a sig-
nifi cant abnormality in bladder compliance is relatively uncom-
mon in older women, it is extremely important to recognize it. 
A sling procedure in an elderly woman with stress incontinence 
and low bladder compliance can result in increased bladder 
outlet resistance and passive bladder pressures of more than 
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40 cm H2O, which can cause hydronephrosis and deterioration 
of renal function.

Voiding Pressure Flow Studies

Voiding pressure fl ow studies are useful for assessing older 
women. However, the clinical importance of pressure fl ow studies 
is not often emphasized in the management of older women. 
Voiding pressure fl ow studies identify three fundamental voiding 
states34:

1. Low detrusor pressure and high urinary fl ow rate 
(unobstructed)

2. High detrusor pressure and low urinary fl ow rate 
(obstructed)

3. Low detrusor pressure with low urinary low rate (poor 
detrusor contractility)

Older women present with problems ranging from mixed 
incontinence with vault prolapse to recurrent urinary tract infec-
tions with incomplete bladder emptying. Although these are not 
precise categories, most older women with incontinence can be 

classifi ed by the results of pressure fl ow studies. These categories 
often are associated with similar symptoms but represent differ-
ent clinical entities, and the approach to management usually is 
different for the three pressure fl ow categories.

Older women who have had previous incontinence surgery 
usually present with complex combinations of lower urinary 
problems. For example, it is common for older women who 
have had a urethral suspension procedure to experience symp-
toms of mixed incontinence and symptoms of bladder outlet 
obstruction. Some degree of vaginal vault prolapse is a common 
physical fi nding in women with these symptoms. Only pressure 
fl ow studies can differentiate high detrusor pressure with a low 
urinary fl ow rate from low detrusor pressure with a low fl ow 
rate.

Minimally invasive surgical procedures for the treatment of 
stress incontinence in women have reduced the morbidity of 
incontinence surgery enough that operative procedures often are 
offered to elderly women. Successful surgical treatment is avail-
able to many older women who would not have been advised to 
consider a surgical option in the past. However, older women 
with urinary incontinence are a complicated group of patients, 

Figure 95-1 This 90-year-old woman has no known neurologic disease. She has detrusor instability with a high-pressure contraction and 
increased electromyographic activity. There is a delay in the onset of involuntary urine loss. The highest peak of electromyographic activity 
correlated with decreased the urinary fl ow, which was caused by outlet obstruction that resulted in an increase in detrusor pressure. The 
increased detrusor pressure appeared to overcome the opposing electromyographic activity, resulting in a sustained decline in 
electromyographic activity and an increase in urine fl ow that decreased bladder outlet resistance and decreased bladder pressure because 
of the outfl ow of urine. This pattern was previously observed during telemetric monitoring of incontinent elderly men.30

Ch095-X2339.indd   966 1/31/2008   3:03:34 PM



 Chapter 95 URODYNAMICS EVALUATION IN THE ELDERLY 967

especially when surgical options are being considered, because 
the results of surgery in older women can be disappointing.

Older women often have very poor urethral function (ALPP 
less than 60 cm H2O) with minimal urethral mobility. Although 
a pubovaginal sling placed without tension usually results in 
continence for women with good urethral function, a compres-
sive sling is required to achieve continence in women with very 
poor urethral function. Pressure fl ow studies are important in 
the preoperative evaluation of bladder function in older women 
with urinary incontinence and poor urethral function because 
urinary retention can be a complication of a compressive sling 
procedure.

The advent of minimally invasive surgery for urinary incon-
tinence in older women has resulted in clinical diagnoses after 
surgical procedures in this population that were uncommon in 
the past. Pressure fl ow studies are invaluable in elucidating the 
pathophysiology of these unique clinical problems that occur 
after minimally invasive incontinence surgery in elderly women. 
When persistent voiding symptoms occur in these patients, com-
prehensive urodynamic studies performed preoperatively are 
invaluable for comparison with postoperative studies. The pres-
sure fl ow studies are among the most valuable studies for clinical 
evaluation and formulating management strategies for these 
complicated clinical problems. Persistent voiding symptoms after 
minimally invasive surgical procedures in older women should 
be evaluated with comprehensive urodynamics studies.

Bladder outlet obstruction in older women may occur after 
minimally invasive procedures for treatment of stress urinary 
incontinence, and pressure fl ow studies are the most important 
studies in the postoperative evaluation of these patients. The 
measurement parameters for bladder outlet obstruction in older 

women after incontinence surgery have not been well defi ned. 
Voiding dysfunctions in elderly women after incontinence 
surgery need prompt urodynamic evaluation to plan long-term 
management. If bladder outlet obstruction is identifi ed, a signifi -
cant delay in urethrolysis after a sling procedure is associated 
with persistent bladder symptoms after urethrolysis,35 which sug-
gests that changes in bladder activity after prolonged obstruction 
may not be reversible. De novo urge incontinence after mini-
mally invasive sling procedures in older women needs to be 
evaluated with pressure fl ow studies to be sure that the overac-
tive bladder symptoms are not caused by bladder outlet 
obstruction.

The urethra has a different role in maintaining continence 
from that of the bladder. However, when considering the dynam-
ics of voiding, the bladder and urethra appear to behave as a 
functional unit. Abnormalities of urethral function can affect 
bladder function, and abnormalities of bladder function can 
affect urethral function. Pressure fl ow studies are a measure of 
the dynamic functional unit of the bladder and urethra. Pressure 
fl ow studies are reproducible and provide consistent urodynamic 
measurements in women.36

Aging signifi cantly alters the function of the urethra and the 
bladder. Elderly women who experience symptoms of stress 
urinary incontinence may have urinary fl ow rates that are con-
siderably lower than would be expected based on the measured 
bladder pressure, even when the bladder pressure is low (Fig. 
95-2). In these older women, it appears that the intrinsic urethral 
closing properties and the intrinsic urethral opening properties 
are defi cient. The aging urethra seems to lose some of the dynamic 
properties that maintain continence and those required for 
normal voiding.

Figure 95-2 This elderly woman has severe symptoms of stress incontinence. The physical examination shows minimal hypermobility, 
no cystocele, and atrophic vaginitis. Her bladder is stable during fi lling. The urinary fl ow rate is low relative to the detrusor pressure. It 
appears as if the urethra has compromised dynamic properties related to voiding and continence.
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Figure 95-3 This older woman has symptoms of mixed urinary incontinence. Her bladder is stable during fi lling. She has bladder outlet 
obstruction that appears to be caused by a cystocele.

Voiding pressure fl ow studies allow the clinician to identify 
the dynamic relationships within the voiding functional unit of 
the bladder and urethra in elderly women. These studies are 
essential for any management decision, especially if a surgical 
procedure that could alter the functional dynamic relationship 
between the urethra and bladder is being considered.

Bladder outlet obstruction is the association of a low urinary 
fl ow rate with a detrusor contraction of suffi cient magnitude, 
duration, and speed to empty the bladder.34 This is an important 
defi nition because it requires the clinician to examine the pres-
sure fl ow studies to assess the voiding dynamics of the patient. 
However, well-established parameters for voiding pressure fl ow 
studies in elderly women are not available. Bladder outlet obstruc-
tion can occur in women who have a cystocele (Fig. 95-3), and 
a low urinary fl ow rate may result from low detrusor pressure 
(Fig. 95-4).

Voiding Pressure Flow Techniques

A 5- to 7-Fr, double-lumen catheter is placed into the bladder 
for measurement of bladder pressure and infusion of fl uid into 
the bladder. A balloon catheter is placed into the rectum for 
measurement of intra-abdominal pressure. Except in elderly 
women with severe physical or mental impairment, the pressure 
fl ow studies can be performed without signifi cant discomfort or 
diffi culty. Even though older women may have the neurologic 
capacity to voluntarily initiate voiding, that ability is often sig-
nifi cantly impaired, and the patient may be unable to voluntarily 
initiate voiding in the urodynamics laboratory. Turning on a 
faucet in the room to allow the patient to hear the sound of 
running water can sometimes assist the patient to voluntarily 
initiate voiding. When an elderly woman is unable to voluntarily 
void for a study, it does not mean that she has an acontractile 
bladder.

The measurement of voiding pressure fl ow studies should be 
done during voluntary voiding. Elderly people who experience 
urge urinary incontinence usually void voluntarily most of the 
time.2,37 It may be possible to obtain a voluntary voiding pressure 
fl ow study by using a lower fi lling rate and allowing the patient 
a longer time to initiate voiding. Every effort should be made to 
obtain voluntary voiding pressure fl ow studies because the infor-
mation has immense clinical value.

The urodynamicist sometimes instructs the patient to volun-
tarily void as an involuntary detrusor contraction is in progress. 
This should not be considered a true voluntary voiding pressure 
fl ow study. Although it may be the best measurement that can be 
obtained under the circumstances, the information should be 
used carefully, and the limitations of the study should be recog-
nized when making clinical decisions about management.

Involuntary detrusor contractions in elderly patients do not 
appear to be normal bladder contractions that are uninhibited.2 
Involuntary detrusor contractions in elderly people appear to be 
abnormal bladder contractions. In elderly patients with urinary 
incontinence due to detrusor hyperrefl exia, cystometric mea-
sures of contractility vary considerably on repeating the study on 
the same occasion.38 Voiding pressure fl ow studies measured 
during an involuntary detrusor contraction therefore pro-
vide limited clinical information about the dynamics of normal 
voiding in that individual. Because the goal of treatment in elderly 
women is improvement of quality of life, the clinical objective is 
to incorporate the information obtained from urodynamic 
studies into reasonable, practical, and feasible clinical manage-
ment decisions.

Electromyography

Measurement of the sphincteric electromyography in elderly 
women is important clinically, but the measurement can be 
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technically diffi cult to perform. Although it is of immense 
clinical value to identify abnormal electromyographic activity, 
it is useful for the clinician to know that the sphincteric 
electromyographic activity during voiding is normal in elderly 
patients. For example, older patients may have central nervous 
diseases that result in an electromyographic appearance of 
detrusor sphincter dyssynergia.30 Older women who have had 
long-standing urge urinary incontinence caused by involuntary 
detrusor contractions may have a highly developed voluntary 
sphincteric contraction in response to the sensation of urinary 
urgency that has the appearance of detrusor sphincter dyssyner-
gia. Although it may not be possible to differentiate these entities 
without neurourologic testing, both can be treated with 
biofeedback.

Routine electromyographic measurement in elderly women is 
relatively uncomplicated after the technique has been developed 
and established for a particular urodynamics laboratory. The 
signal source is usually the external anal sphincter. Because the 
amplitude and frequency of electromyographic activity is usually 
lower in older women compared with younger women, the exter-
nal anal sphincter is considered the best location for the signal 
source. Intravaginal surface electrodes and intraurethral surface 
electrodes are less reliable for electromyographic measurement39 
and rarely provide an adequate signal for clinical evaluation in 
older women. Well-placed surface electrodes are preferred in 
elderly patients.40 Although needle electrodes are considered 
superior to surface electrodes in patients who may have neuro-
logic disease, surface electrodes are more practical and desirable 

for electromyographic studies in older women. Because needle 
electrodes easily become dislodged during the study, many 
attempts to replace a needle electrode are very uncomfortable for 
older women.

Preparation of the skin and correct placement of surface elec-
trodes are important to ensure an adequate signal is obtained.41 
After the surface electrodes have been placed and the electromyo-
graphic activity is being monitored by the urodynamicist, the 
patient is instructed to perform a mild cough. If the electromyo-
graphic electrodes are properly placed, a mild cough will result 
in a sharp increase in electromyographic activity and an immedi-
ate return to baseline. With the bladder empty at rest, the gain 
on the electromyographic amplifi er can be adjusted in response 
to a mild cough by the patient. Increasing the gain on the elec-
tromyographic amplifi er is often required because of the low 
baseline electromyographic activity in this patient population. If 
the electronic gain on the amplifi er becomes too high, a mild 
cough will produce a full-scale response on the electromyo-
graphic display. As the gain is increased, baseline electrical activ-
ity increases, which is usually caused by background electrical 
activity rather than the baseline sphincteric electromyographic 
activity. This baseline electromyographic artifact is usually caused 
by 60-cycle interference from the electrical power source. Inter-
ference from external electrical power sources is a much greater 
problem in these studies of older women because the electromyo-
graphic activity of the muscles measured is usually lower than in 
younger women, and it requires a higher electromyographic 
amplifi er gain.

Figure 95-4 This elderly woman has symptoms of mixed incontinence. She has a low urinary fl ow rate because of poor bladder function.
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Chapter 96

USE OF BOWEL IN LOWER URINARY TRACT 
RECONSTRUCTION IN WOMEN
Christoph Wiesner and Joachim W. Thüroff

The use of small and large bowel for bladder augmentation 
or substitution has been reported by surgeons since the fi rst 
experimental report by Tizzoni and Foggi in 1888.1 Bladder 
enlargement by augmentation enterocystoplasty is predomi-
nantly offered to women with neuropathic and non-neuropathic 
bladder dysfunction who have not responded to pharmacologic 
regimens. Female patients in whom complete removal of bladder 
and urethra is mandatory because of urologic or gynecologic 
malignancies and those who have a bladder problem and irrepa-
rable loss of the functional urethra are candidates for urinary 
diversion. The underlying disease and the patient’s preference 
must be considered when deciding on the type of urinary recon-
struction or diversion, such as bladder augmentation or ortho-
topic bladder substitution to the trigone or bladder neck, 
orthotopic bladder substitution to the urethra, continent cutane-
ous urinary diversion, or continent anal urinary diversion.

Preoperative preparation in all female patients includes ultra-
sound of the upper urinary tract, evaluation of the renal function 
to judge the renal reserve to compensate for reabsorption of acids 
from an intestinal reservoir (i.e., renal isotope clearance >50% 
of the age-specifi c norm, serum creatinine level <2.0 mg/dL), 
and a colonic contrast study or coloscopy to exclude bowel 
pathology when large bowel segments are used. In patients with 
a history of previous irradiation encompassing the bowel seg-
ments required to construct the planned reservoir, previous 
resection of longer segments of ileum, or chronic infl ammatory 
bowel disease (e.g., Crohn’s disease, ulcerative colitis), the urinary 
diversion must be tailored according to the bowel pathology. 
Postoperative care comprises follow-up of acid-base balance, 
renal ultrasound, and pouchoscopy starting from the fi fth post-
operative year.

HISTORY OF AUGMENTATION 
ENTEROCYSTOPLASTY AND ORTHOTOPIC 
BLADDER SUBSTITUTION

Augmentation enterocystoplasty is considered the last resort of 
functional bladder reconstruction before urinary diversion is 
required. Females with benign diseases such as intractable idio-
pathic or neurogenic detrusor overactivity incontinence, low-
compliance bladder from irradiation, or interstitial cystitis may 
benefi t from enlarging the organ with bowel segments or remov-
ing the diseased bladder tissue and substituting it with bowel 
segments.2-6

The cup-patch technique for bladder augmentation was fi rst 
reported by Goodwin and colleagues for small bowel7 (Fig. 96-1) 

and for large bowel8 in 1959. A 20- to 25-cm ileal segment serving 
as the cup is opened at its antimesenteric border before it is 
formed to a U-shaped patch, folded over, and sutured to the 
bladder dome. When supratrigonal cystectomy is required (i.e., 
in interstitial cystitis or detrusor hyperrefl exia), the resection line 
runs just above the trigone, leaving the ureteral orifi ces in place 
for preservation of the natural anti-refl ux mechanism and avoid-
ing potential complications of ureteral reimplantation into 
bowel.

Bladder substitution to the bladder neck may become neces-
sary in female patients with interstitial cystitis because of infl am-
mation of the remnant trigone and when preexisting ureteral 
refl ux or obstruction is apparent. Bladder augmentation or sub-
stitution can be performed with different bowel segments, such 
as ileum only,9 ileum combined with cecum,10 or sigmoid colon 
only.11 An additional sling procedure or colposuspension may be 
required when coexisting stress incontinence is apparent.6

Flood and coworkers6 reported the long-term outcomes of 
106 patients, including 82 women, who underwent augmenta-
tion enterocystoplasty. Preoperatively, all patients had reduced 
bladder compliance or detrusor overactivity caused by different 
underlying benign diseases. The overall success rate was 95% for 
all patients. Postoperative bladder capacity increased signifi cantly 
from 108 to 438 mL. Urodynamic evaluation revealed stress 
incontinence in 15 patients (14%). Six of these patients had 
occasional leakage and did not require further treatment, and 
fi ve were successfully treated by a sling procedure or collagen 
injection.

Complete relief of clinical symptoms of bladder pain and fre-
quency was reported for 73% to 100% of patients in several series 
when enterocystoplasty was performed for intractable forms of 
interstitial cystitis.2-4 Between 66% and 86% of female patients 
were able to void spontaneously; the remainder had to empty 
their bladders by intermittent self-catheterization.

Linn and associates12 reported the clinical outcomes of 23 
patients, including 22 women and 1 man, who underwent sub-
trigonal (n = 17) or supratrigonal (n = 6) cystectomy and ortho-
topic bladder substitution with the ileocecal pouch (i.e., Mainz 
pouch I) for interstitial cystitis. Postoperative bladder capacity 
was signifi cantly increased, and urinary frequency was signifi -
cantly decreased in all patients. Complete relief of clinical symp-
toms was achieved in 82% of the patients with subtrigonal 
cystectomy and in 100% of the patients with supratrigonal cys-
tectomy. All patients who underwent supratrigonal cystectomy 
were able to void spontaneously, whereas 41% of the patients in 
whom the trigone was resected had to empty their bladder by 
intermittent self-catheterization.
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A

B

C

Figure 96-1 Augmentation enterocystoplasty by the cup patch technique. 
A, A 20- to 25-cm ileal segment is isolated, serving as the cup. B, Continuity 
of the ileum is reestablished by ileoileostomy. C, The isolated ileal segment is 
opened at its antimesenteric border and formed to a U-shaped patch. 
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D

E

F

Figure 96-1, cont’d D, The adjacent margins of the U are connected by a 
single layer of running suture. E and F, The ileal patch is sutured to the 
opened bladder dome beginning at the posterior wall in the midline. 
(Modifi ed from Goodwin WE, Winter CC, Barker WF: Cup-patch 
technique of ileocystoplasty for bladder enlargement or partial substitution. 
Surg Gynecol Obstet 108:240-244, 1959.)

ORTHOTOPIC BLADDER SUBSTITUTION

The fi rst radical cystectomy in combination with an orthotopic 
bladder substitution for treatment of bladder cancer in a woman 
was reported by Tscholl in 1987,13 but before 1990, orthotopic 
urinary diversion was mostly limited to male patients when 
radical cystoprostatectomy was performed.14 Removal of the 
urethra was considered mandatory in female patients with 
bladder cancer to provide an adequate surgical margin. It was 
considered impossible to achieve urinary continence with the 
remaining short female urethra. Studies of cystectomy specimens 
that were removed for bladder cancer and a better anatomic 
understanding of the continence mechanism made it likely that 
urinary diversion to the urethra could be applied to selected 
female patients.15-17

Intraoperative frozen section analysis of the distal urethral 
margin is mandatory to exclude tumor involvement when orth-

totopic diversion is planned for bladder cancer or gynecologic 
malignancies. Preoperatively, competence of the external rhab-
dosphincter must be proved to ensure postoperative continence 
and to allow spontaneous voiding through the urethra. The 
choice of the reservoir depends on the surgeon’s preference when 
orthotopic bladder substitution in the female patient can be per-
formed by using any segments of the gastrointestinal tract for 
constructing the reservoir.

Ileal Bladder Substitutes

In 1987, Ghoneim and colleagues18 described the urethral Kock 
pouch, which used 45 to 50 cm of the distal ileum.18 The proximal 
third of ileum is preserved for the refl ux-preventing valve. The 
reservoir is created by the distal two thirds of bowel, which is 
opened along its antimesenteric border before folding it into a U-
shape and performing a side-to-side anastomosis of the adjacent 
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margins with a single layer of running suture. A nipple valve is 
created by isoperistaltic ileal intussusception and fi xed by three 
or four rows of metal staples. Its position is secured by inter-
rupted seromuscular sutures at the base of the nipple valve. The 
intestinal plate is folded over and closed by a single layer of 
running suture. The reservoir is rotated such that the posterior 
aspect is brought anteriorly and positioned into the pelvis with 
the apex facing toward the urethral stump, where the pouch is 
opened and anastomosed to the urethra by interrupted sutures. 
Ureterointestinal reimplantation is performed by end-to-side 
anastomosis of the ureters to the afferent limb of the nipple 
valve.

The T-pouch ileal neobladder was established in 1998 as a 
modifi cation of the urethral Kock pouch diversion (Fig. 96-2).19 
The afferent segment is created by an 8- to 10-cm segment of the 
proximal ileum. Its distal portion of 3 to 4 cm is tapered and 
tunneled into a serosa-lined tunnel, which is created at the 
midline anastomosis of the back wall of the pouch.

The ileal neobladder was established in 1987 by using a 60- to 
70-cm ileal segment and leaving the distal portion of the terminal 
ileum and Bauhin’s valve intact (Fig. 96-3).20 The ileum is folded 
in a W-shaped manner and opened at its antimesenteric border 
except over a 5-cm segment, where the incision is made close to 
the anterior mesentery to create a posterior fl ap, which serves as 
the new bladder neck and to which the urethra is anastomosed. 
The reservoir is accomplished by side-to-side anastomosis of the 
posterior walls before the anterior wall is folded over and closed. 
Anti-refl uxive ureteral reimplantation was initially favored using 
the LeDuc technique of creating a mucosal sulcus21 or by using 
the Abol-Enein technique of serosa-lined extramural tunnels.22 
Since 1996, the technique of ureterointestinal implantation is 
predominantly performed by a refl uxive ileoureteral end-to-side 
anastomosis into two 3- to 5-cm chimneys of ileum serving as 
afferent segments.23

Studer’s ileal neobladder was established in 1985 by using 60 
to 65 cm of terminal ileum and leaving the proximal 25 cm intact 
for creation of an isoperistaltic afferent limb (Fig. 96-4).24 The 
distal 40 cm of ileum is folded into a U-shape and opened 
antimesenterically before the medial borders of the U are anas-
tomosed to each other by a single layer of running suture. The 
ureterointestinal anastomoses are performed by direct end-to-
side anastomosis to the proximal portion of the afferent limb. 
The reservoir is fi nalized by folding the bottom of the U over the 
proximal end. Before complete closure, an incision is placed into 
the most dependent part of the reservoir for the ileourethral 
anastomosis.

Ileocecal Bladder Substitute: Orthotopic Mainz Pouch

For creation of the orthotopic ileocecal reservoir (i.e., orthotopic 
Mainz pouch), a 10- to 15-cm segment of cecum in continuity 
with 20 to 30 cm of terminal ileum is isolated. The bowel is 
opened along its antimesenteric border. The opposing margins 
of the bowel are anastomosed to each other by a single row of 
running suture to create the posterior pouch wall. Originally, the 
ureters are implanted through a submucosal tunnel into the 
ascending colon to prevent refl ux. Urethrointestinal anastomosis 
is performed by an incision at the base of the cecum. The reser-
voir is closed by side-to-side running sutures. In 2003, El-Mekresh 
and coworkers25 reported a modifi ed technique of ureterointes-
tinal reimplantation into the terminal ileum with the ileocecal 
valve serving as an anti-refl ux-mechanism by using an end-to-

end anastomosis (Wallace) for the left ureter and end-to-side 
anastomosis (Nesbit) for the right ureter with the afferent ileal 
limb (Fig. 96-5).

Clinical studies that included long-term follow-up predomi-
nantly reported outcomes for male patients who underwent 
orthotopic bladder substitution. However, some reports are 
available on the outcomes of female patients with a specifi c focus 
on voiding patterns.

The rates of ileal neobladder–related early and late complica-
tions in a large series of 363 male patients were reported to be 
15.4% and 23.4%, respectively.26 Early pouch-related complica-
tions included urinary leakage (7.7%), pyelonephritis (7.4%), and 
early obstruction of the ureteroileal anastomosis (3.0%). Late com-
plications were associated with the ileoureteral anastomosis and 
upper urinary tract, including stenosis (9.3%), acute pyelone-
phritis (6.3%), and refl ux (3.3%). Ileourethral anastomotic stric-
tures were seen in 2.2%, 96.1% of the patients were able to void 
spontaneously, and daytime continence was achieved in 95%.

Ghoneim and associates27 reported the clinical outcomes of 
185 male patients treated with the urethral Kock pouch diversion. 
Deterioration of the upper urinary tract occurred in 13.7% of the 
renal units, with 9% due to refl ux and 4.7% due to anastomotic 
strictures. Calculus formation was recognized in 18%, and 
urethral anastomotic strictures were encountered in 5.1%. 
Daytime and nighttime continence rates were 92% and 73%, 
respectively.

Perimenis and colleagues13 evaluated the long-term outcomes 
of male patients treated with Studer’s ileal neobladder with an 
afferent tubular segment. Nine (3.5%) of 254 renal units were 
treated for ureterointestinal anastomotic strictures. At the latest 
follow-up, renal parenchyma was normal in 246 units (97%), and 
serum creatinine levels remained unchanged compared with pre-
operative values in all patients. Daytime continence rates were 
94% and 91% at 5 and 10 years, respectively, whereas nighttime 
continence rates were 72% and 60%, respectively. Residual urine 
volumes greater than 100 mL were recognized in 8% and were 
associated with urethrointestinal anastomotic strictures or pro-
trusion of the intestinal mucosa into the urethra.

Cancrini and coworkers28 reported their 2-year experiences of 
orthotopic urinary diversion by Studer’s ileal neobladder in seven 
female patients.28 The rate of urinary continence was 100% 
during the day and 71% at night. Urodynamic studies 12 months 
postoperatively revealed a good neobladder capacity of 320 mL 
and no evidence of stress incontinence or signifi cant levels of 
residual urine.

Stenzl and associates29 performed radical cystectomy with 
nerve-sparing dissection of the bladder neck and proximal 
urethra by leaving the lateral vaginal walls and the tissue next to 
the bladder neck intact. The technique was based on their previ-
ous studies of anatomic and histologic studies of the urethra in 
female cadavers. Daytime and nighttime continence was achieved 
within 6 months in all patients, and the residual urine volume 
was between 0 and 150 mL.

Ali-El-Dein and colleagues30 reported the clinical outcomes of 
136 female patients who underwent radical non–nerve-sparing 
cystectomy and orthotopic bladder substitution by ileal neoblad-
ders (n = 120) or hemi-Kock pouch reservoirs (n = 16).30 Early 
pouch-related complications included development of vaginal 
fi stulas in four patients, who were treated by open surgical revi-
sion. Calculi developed in seven patients, who were treated endo-
scopically. One hundred patients were evaluable by urodynamic 

Text continued on page 983
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Figure 96-2 T-pouch ileal neobladder. A, The T-shaped pouch is constructed using a 44-cm ileal segment, which is placed as a V, and a 
more proximal 8- to 10-cm ileal segment for the anti-refl uxive afferent limb. B, Windows of Deaver are created to the distal 3 to 4 cm of 
the afferent segment. C, The serosa of the adjacent 22-cm V-shaped limbs is connected by sutures passing through the window of Deaver. 
D, The anchored portion of the afferent limb is tapered at the antimesenteric border. E, The ileal segments are opened (arrows) adjacent to 
the mesentery until the ostium of the afferent limb is reached and continued upside toward the antimesenteric border, providing ileal fl aps 
on both sides. 
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F

G
Figure 96-2, cont’d F, The tapered afferent segment is covered by the ileal fl aps to provide the anti-refl uxive fl ap-valve mechanism. 
G, The reservoir is folded (arrows) and closed in the opposite direction from which it was opened, except a short portion at the anterior 
right side for the urethral anastomosis. (Modifi ed from Stein JP, Lieskovski G, Ginsberg DA, et al: The T-pouch: An orthotopic ileal 
neobladder incorporating a serosal lined ileal antirefl ux technique. J Urol 159:1836-1842, 1998.)
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Figure 96-3 Ileal neobladder. A, A 60- to 70-cm ileal segment is folded in a W-shaped manner and opened at its antimesenteric border, 
except for a 5-cm portion that serves as the new bladder neck. B, The reservoir is accomplished by side-to-side anastomosis of the posterior 
walls before the anterior wall is folded over and closed. C, Ureteral reimplantation was initially performed by the LeDuc technique of 
creating a mucosal sulcus (arrow). D, Alternatively, the Abol-Enein technique of serosa lined extramural tunnels was established. Since 1996, 
ureterointestinal reimplantation is performed by a refl uxive ileoureteral end-to-side anastomosis into two 3- to 5-cm chimneys of ileum 
serving as afferent segments (not shown). (Modifi ed from Campbell’s Urology, 8th Edition, Saunders Philadelphia, 2002).
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Figure 96-4 Studer’s ileal neobladder with afferent tubular segment. A, A 60- to 65-cm segment of the terminal ileum is isolated about 
25 cm proximal to the ileocecal valve and folded into a U-shape. The distal 40 cm of the ileal segment are opened along the antimesenteric 
border. The proximal 25 cm are left intact for the isoperistaltic afferent limb. B, The medial borders of the U are anastomosed to each other 
by a single layer of running suture. The ureterointestinal anastomosis is performed by direct end-to-side anastomosis to the proximal portion 
of the afferent limb. C, The reservoir is folded and oversewn. D and E, A buttonhole is made at the caudal portion of the reservoir and 
anastomosed to the urethra. (Modifi ed from Perimenis P, Studer UE: Orthotopic continent urinary diversion an ileal low pressure neobladder 
with an afferent tubular segment: How I do it. Eur J Surg Oncol 30:454-459, 2004.)
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Figure 96-5 Simplifi ed orthotopic ileocecal pouch. A, The orthotopic ileocecal reservoir (orthotopic Mainz pouch) is created by a 10- to 
15-cm segment of cecum in continuity with 20- to 30-cm of the terminal ileum. The aboral 10 cm of the ileal segment is in continuity with 
the cecum, serving as the afferent loop. The ileocecal valve is left intact to prevent refl ux. B to E, A stapled side-to-side anastomosis of the 
oral 15 cm of the isolated ileal segment with the cecum is performed to achieve a spherical reservoir. 
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Figure 96-5, cont’d F, The opposing margins of the bowel are anastomosed to 
each other by a single row of running suture to close the pouch. Before it is 
rotated (arrow) in a manner that the afferent ileal segment is located in an 
upper right position. G, The ureters are reimplanted using an end-to-end 
anastomosis (Wallace) for the left ureter and end-to-side anastomosis (Nesbit) 
for the right ureter. A buttonhole is made at the caudal portion of the reservoir 
and anastomosed to the urethra.
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studies. The rate of daytime continence was 95%, and that of 
nighttime continence was 86%. Of the female patients, 12% were 
incontinent during the night. Total incontinence occurred in 2%. 
Stress incontinence was documented by urodynamic studies in 
3%, and it was related to negative urethral pressure transmission. 
Chronic urinary retention was seen in 16% of female patients. 
The lateral pouch–urethra angle, which was evaluated by voiding 
radiography, was between 90 and 160 degrees before and during 
voiding in females without voiding diffi culties. Voiding radiog-
raphy showed a smaller pouch–urethra angle of 61 to 103 degrees 
and concomitant posterior herniation of the anterior vaginal wall 
or pouchocele formation in female patients with signifi cant post-
voiding urinary retention. Treatment of voiding dysfunction 
included conversion into a continent cutaneous diversion in two 
women with total incontinence, pharmacotherapy with imipra-
mine when nocturnal incontinence was diagnosed, clean inter-
mittent self-catheterization in cases of chronic urinary retention, 
and pouch revision with correction of the posterior angle for 
signifi cant overfl ow incontinence with pouchocele. The investi-
gators conclude that chronic urinary retention in female patients 
with orthotopic urinary diversion is caused by a mechanical 
problem, not neurogenic factors. They concluded from their 
investigations that an autonomic nerve-sparing procedure, which 
compromises on the radicality of cystectomy, is not necessary for 
a satisfactory functional outcome.

Another study evaluated the long-term outcomes of 18 female 
patients with urethral substitution by the ileal neobladder.31 
Pouch-related complications occurred in two, including one with 
urethroileal stenosis and one with ureteroileal stenosis. Seventy 
percent of the patients were hypercontinent and emptied their 
neobladder by clean intermittent self-catheterization because of 
signifi cant residual urine or complete voiding incompetence. A 
difference in voiding pattern was not observed when comparing 
resection lines located at the proximal urethra and at the bladder 
neck.

Volkmer and colleagues32 investigated the impact of urinary 
diversion by orthotopic ileal neobladder on sexuality in 29 female 
patients (8 with benign and 21 with malignant diseases) by ques-
tionnaires. Infl uencing factors were age (<60 years), benign 
disease, partnership at surgery, and current partnership. Sexual-
ity was not infl uenced by the necessity of pouch catheterization, 
urinary stress incontinence, and hormonal therapy. The study 
authors concluded that orthotopic urinary diversion did not 
infl uence female sexuality postoperatively.

CONTINENT CUTANEOUS DIVERSION

A catheterizable cutaneous stoma represents an alternative con-
tinent urinary diversion that provides an intact body image. It 
can be offered to patients who experience radical cystectomy, 
including urethrectomy. Benign indications include irreparable 
loss of the sphincteric urethra and severe cases of interstitial cys-
titis. Careful patient selection for motivation, compliance, and 
manual dexterity to perform a self-catheterization is necessary 
to ensure success of the continent diversion in the long term. 
Exclusion criteria are inadequate manual dexterity, reduced 
intellectual capacity, or decreased motivation to perform 
self-catheterization.

Continent cutaneous urinary diversion is achieved by creation 
of a urinary reservoir, which is to be emptied by intermittent 

self-catheterization; preservation of the upper urinary tract; and 
provision of continence by a specifi c outlet. Several surgical tech-
niques use different bowel segments and different mechanisms 
to provide continence.

Kock Pouch

Kock developed the fi rst continent ileal reservoir using 60 to 70 
cm of ileum for pouch formation and construction of two nipple 
valves (Fig. 96-6).33 At the proximal and distal ends of the ileum, 
which is excluded from intestinal continuity for pouch forma-
tion, 10- to 12-cm of bowel segments are left intact for creation 
of the afferent and efferent nipple valves. The remaining 40 cm 
of ileum is incised antimesenterically, sutured side to side in a U-
shape, folded over, and closed to create a spherical pouch. For 
the fi nal position, the reservoir is rotated such that the posterior 
aspect is brought anteriorly. Staple fi xation of the intussusception 
nipple to itself and to the wall of the reservoir is crucial to secure 
the afferent anti-refl ux-valve and the efferent continence valve 
and to prevent nipple gliding or eversion. The ureters are 
implanted end to side into the afferent ileal limb.

Overall complication rates between 32% and 53% are reported 
in the literature.34-40 Early pouch-related complications at a rate 
of up to 25% include pouch rupture, pouch sepsis, pouch abscess, 
and pinhole fi stula at the efferent segment.34 Late complications 
are mostly associated with dysfunction of the efferent segment, 
including stoma incontinence (17% to 23%), nipple prolapse or 
nipple gliding (7% to 10%), stoma stenosis (0% to 10%), and 
calculus formation (8% to 15%). Complications of the afferent 
segment are less common and mostly related to strictures of the 
ureteral-intestinal anastomosis (2% to 5%), ureteral refl ux (2% 
to 13%), and afferent nipple stones (5.2%).40 Continence rates 
vary between 78% and 94%.

ILEOCECAL POUCH: MAINZ POUCH I

The Mainz pouch I procedure was established in 1983. It uses 10 
to 15 cm of cecum and ascending colon and two terminal ileal 
segments of equal length for reservoir construction (Fig. 96-7).10 
The surgical procedure comprises antimesenteric incision of 
ileum, cecum, and ascending colon and side-to-side anastomosis 
of the ascending colon with the terminal ileal loop and of the 
latter with the proximal ileal loop. The anterior wall of the pouch 
is closed by a single row of running sutures.

Both ureters are implanted in an anti-refl uxive manner into 
the large bowel using the submucosal tunnel technique described 
by Goodwin.41 The Abol-Enein technique was introduced for 
preoperatively dilated ureters.22 The technique entails fashioning 
two serosa-lined, extramural tunnels. The buttonhole technique 
implies oblique, end-to-side, refl uxive ureteral implantation.42

Originally, the continent outlet was created using 12 to 15 cm 
of terminal ileum, which is left intact and is intussuscepted iso-
peristaltically over a length of about 5 cm through the ileocecal 
valve and stapled to itself, the ileocecal valve, and the wall of the 
pouch (Fig. 96-8A to C). Since 1990, the submucosally embed-
ded, in situ appendix is used for construction of the continent 
outlet when possible (see Fig. 96-8D and E).43 The submucosal 
tunnel is created by seromuscular incision of the free tenia. The 
seromuscularis layer is closed over the embedded appendix. Sero-
muscular and full-thickness bowel-fl ap tubes were described in 
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1995 as alternative procedures for patients in whom the appendix 
was not available (Fig. 96-9).44

Most reported complications are related to the continent 
outlet. Calculus formation is more often reported for the stapled 
intussuscepted ileal nipple valve (3% to 5.5%).45,46 Major com-
plications such as nipple necrosis, nipple prolapse, and nipple 
gliding are seen in 3.8% to 6.6% of patients.45,46 Complications 
of the appendix stoma include necrosis of the appendix in 2.1% 
to 2.5% and stoma stenosis in 14.6% to 21% of patients.45-48 
Continence rates are between 98% and 100%.45,46,48 Anti-refl uxive 
ureteral implantation through the submucosal tunnel technique 
is associated with a 5.7% ureteral obstruction rate for preopera-
tively nondilated ureters and a 16% obstruction rate for pre-
operatively dilated systems at long-term follow-up.49 When direct 
ureterointestinal implantation was performed in 30 patients (i.e., 

10 patients with direct ureteral reimplantation and 20 patients 
with primary direct ureteral implantation), no deterioration of 
kidney function and no evidence of obstruction were seen at a 
median follow-up of 50.7 months.42 Refl ux occurred in one renal 
unit, without necessity for reintervention.

Transverse Colonic Pouch: Mainz Pouch III

The transverse colonic pouch (i.e., Mainz pouch III or the trans-
verse ascending or transverse descending pouch) was created for 
continent urinary diversion in patients who had prior pelvic irra-
diation (Fig. 96-10).50 About 20 cm of transverse colon and 
ascending or descending colon are used. The outlet is created by 
a full-thickness colonic tube of about 8 cm, 6 cm of which are 
embedded into a submucosal tunnel. The ureteral implantation 

60-70cm

A

50cm

B

C D
Figure 96-6 Kock pouch cutaneous diversion. A, A 60- to 70-cm segment of ileum is isolated approximately 50 cm above the ileocecal 
valve. The bowel is positioned in a U-shape. B, The ileum is incised along its antimesenteric border and sutured in a side-to-side manner into 
a U-shape. C, The nipple valves are fi xated by ileal intussusception with three rows of staples. The afferent valve serves as anti-refl ux 
mechanism to ureteral implantation, the efferent valve as continent outlet. D, Closure of the reservoir is performed by 2 inverting running 
sutures. (Modifi ed from Kock NG, Nilson AE, Nilsson LO, et al: Urinary diversion via a continent ileal reservoir: Clinical results in 12 patients. 
J Urol 128:469-475, 1982.)
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follows the Goodwin technique or the serosa-lined extramural 
tunnel technique. Eighteen percent of complications of the trans-
verse colonic pouch (i.e., Mainz III) are related to the efferent 
colonic outlet, with stoma incontinence occurring in 5% and 
stoma stenosis developing in 14%.50

Indiana Pouch

The Indiana pouch was developed 1984 as a modifi cation of the 
Gilchrist procedure (Fig. 96-11).51 An 8- to 10-cm segment of 
terminal ileum and 25- to 30-cm of cecum and ascending colon 
are isolated, and the large bowel is opened along the antimesen-

teric border. The distal end of the opened colon is folded down 
to the apex of the incision. The reservoir is closed with a single 
layer of sutures. For a reservoir constructed by mechanical sta-
pling, a 2- to 3-cm incision at the antimesenteric border of the 
cecum opposite the ileocecal valve is performed. The distal end 
of the colonic segment is folded down to the cecal incision, fi xed 
by holding sutures, cut open, and stapled between the holding 
sutures using the GIA stapler with absorbable staples until com-
plete detubularization of the colonic segment is achieved. The 
edges of the opposing colonic segments are closed by absorbable 
TA55 staples. Originally, ureteral implantation was performed in 
an anti-refl uxive manner through a submucosal tunnel. Cur-
rently, an end-to-side direct anastomosis is employed. The effer-
ent segment is constructed by tapering the terminal ileum, 
allowing easy passage of an 18-Fr catheter. A modifi cation 
encompasses embedding the tapered ileal segment into a submu-
cosal tunnel.52

Complication rates range between 10.8% and 52.0%.53-55 
Pouch-related complications are pouch rupture (2.5% to 3.2%) 
and calculus formation (3.7% to 10.5%). Complications of the 
efferent segment are stoma stenosis (3.7% to 15.2%) and stoma 
incontinence (1.2% to 28.2%). Obstruction of the ureteral anas-
tomosis is reported in up to 7.2%. Preoperative radiotherapy 
negatively infl uences the postoperative outcome.56 Ureteral 
obstruction was seen in 15% of patients with preoperative irra-
diation, compared with 4% without preoperative irradiation. 
Stoma incontinence developed in 4% of patients, all whom had 
undergone preoperative radiotherapy.

Right Colonic Reservoir with a Stapled Ileal Outlet

Davidsson and colleagues57 reported a right colonic reservoir 
with a stapled ileal (Lundiana) outlet in 1992. The reservoir is 
created by a 30-cm, right colonic segment and a 10-cm segment 
of the terminal ileum serving as the outlet. The colonic segment 
is opened along the anterior tenia down to the level of the ileoce-
cal valve. The incision is extended transversely to the base of the 
valve.

The edges of the cecal wall incision are grasped together with 
the ileocecal valve using a Babcock clamp. The ileal segment is 
tapered over a 10-Fr catheter with a TA55 stapler in a position 
that allows the edges of the cecal wall and part of the ileocecal 
valve to be incorporated. The staple line closes the cecum, tapers 
the valve on the catheter, and tethers the narrowed ileocecal valve 
to the cecal wall. The ureters are implanted in an anti-refl uxive 
manner following the LeDuc technique of creating a mucosal 
sulcus or the technique of making a submucosal tunnel before 
the reservoir is closed.

At a mean follow-up of 58 months, clinical outcome was 
investigated in 99 patients, who received a right colonic reservoir 
with the Lundiana outlet.58 Early pouch-related complications 
included partial pouch necrosis (1%), pouchovaginal fi stula 
(1%), ureteral implantation stenosis (1%), and acute pyelone-
phritis (2%). Late pouch-related complications were diagnosed 
in 25% of the patients, including calculus formation (10%), 
stomal stenosis (7%), ureteral implantation stenosis (5%), acute 
pyelonephritis (4%), and perforation of the pouch (3%).

Florida Pouch

In 1987, Lockhart59 described an alternative colonic reservoir 
(i.e., Florida pouch) that included the cecum, ascending colon, 

A

B
Figure 96-7 Cutaneous ileocecal pouch (MZ-pouch I). A 10- to 
15-cm segment of cecum and ascending colon and two terminal 
ileal segments of equal length are used for reservoir construction. 
The ileum, cecum, and ascending colon are incised 
antimesenterically. The posterior wall of the pouch is done by 
anastomosis of the ascending colon with the terminal ileal loop, 
and the latter with the proximal ileal loop by a single row of 
running sutures. The anterior wall of the pouch is also closed by a 
single row of running sutures. (Modifi ed from Hohenfellner R: 
Ausgewählte Urologische OP-Techniken, 2. Aufl age Stuttgart, New 
York, Thieme Verlag, 1997).
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C D
Figure 96-8 Intussuscepted ileal nipple and appendix stoma. A to C, The intussuscepted ileal nipple is created by using 12- to 15-cm of 
terminal ileum, which is left intact and is intussuscepted isoperistaltically over a length of about 5 cm through the ileocecal valve and stapled 
to itself, the ileocecal valve, and the wall of the pouch. D, The submucosally embedded in situ appendix is created by seromuscular incision 
of the free tenia. 
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E
Figure 96-8, cont’d E, The seromuscularis layer is closed over the 
embedded appendix. (Modifi ed from Hohenfellner R: Ausgewählte 
Urologische OP-Techniken, 2. Aufl age Stuttgart, New York, Thieme 
Verlag, 1997).

one third of the right transverse colon, and 10 to 12 cm of the 
terminal ileum for the outlet. The colon is folded in a U-shape, 
fully detubularized, and closed by a locking running suture. Ure-
teral implantation was originally performed using the LeDuc 
anti-refl uxive ureteroileal implantation (described earlier)21 or by 
the Goodwin technique (described earlier).41 It was later modi-
fi ed to a direct anastomosis of the ureters to the colon, avoiding 
an anti-refl uxive implantation.60 The terminal ileum is used as 
the efferent segment. The ileum is left attached to the reservoir 
and plicated with two parallel rows of sutures placed longitudi-
nally into the ileum and ileocecal valve.

Complication rates for ureter implantation were evaluated for 
the ureteral implantation technique (tunneled by LeDuc or 
Goodwin or nontunneled end-to-side anastomosis).60,61 Ureteral 
obstruction occurred in 13.3% with tunneled implantation and 
in 4.9% with end-to-side implantation of the ureters, but the rate 
of refl uxing units was higher in the latter group (7.0% versus 
3.3%). Complications of the efferent segment were stoma incon-
tinence in 3.0% to 6.7% and stoma stenosis in 4.0% to 10.0%.21 
Pouch stones were seen in 3.0% to 5.4% of patients.38,62

Ureterosigmoidostomy and Rectosigmoid Pouch: 
Mainz Pouch II

Intestinal urinary diversion by ureterosigmoidostomy was intro-
duced by Simon in 185263 and was followed by numerous modi-
fi cations of the anti-refl uxive ureterointestinal anastomosis.64-66 

The rectosigmoid pouch (i.e., Mainz pouch II) was established 
in 1990 (Fig. 96-12).67 It provides a low-pressure reservoir and 
decreases the risk for the upper urinary tract. The rectosigmoid 
functions as a urinary reservoir, and the anal sphincter functions 
as a continence mechanism. The procedure can be offered to 
female patients who require radical cystectomy including the 
urethra and to those with benign or malignant conditions who 
have irreparable loss of the sphincteric urethra. It provides con-
tinence without a stoma and the need for intermittent self-
catheterization.67-69 Women with an incompetent anal sphincter 
and dilatation of the upper urinary tract are not candidates for 
this procedure. A volume of 250 mL of saline should comfortably 
be accommodated for 2 hours in a preoperative test. Additional 
evaluation of the anal sphincter competence by anal pressure 
profi lometry is recommended.

For construction of the rectosigmoid pouch, about 20 to 25 
cm bowel are opened antimesenterically down to the peritoneal 
refl ection of the rectum and folded to an inverted U-shape. The 
posterior wall of the pouch is created by side-to-side anastomosis 
of the medial margins of the inverted U. Non-refl uxing uretero-
intestinal anastomosis is performed through a 4-cm submucosal 
tunnel. Alternatively, ureterointestinal reimplantation can be 
performed by a serosa-lined extramural tunnel, especially with 
preoperatively dilated ureters22 or by LeDuc’s implantation tech-
nique.21 Before closure, the back wall of the pouch is fi xed to the 
promontory to avoid displacement of the pouch and ureteral 
kinking. Closure is achieved by side-to-side anastomosis of the 
lateral margins of the inverted U.

Early complications occurring within 3 months after the 
surgery are reported in up to 10% of patients.67,68,70 Complica-
tions include mechanical or paralytic ileus, suture leakage, and 
dislocation of ureteric stents with development of urinoma, peri-
tonitis, or urinary fi stulas. Late complications comprise pyelone-
phritis in up to 6% of patients, ureteric implantation stenosis in 
1% to 7%, metabolic acidosis in up to 70%, and development of 
secondary tumors in up to 22%.67,68,70,71 Continence rates range 
between 95% and 100%.68

Volkmer and coworkers72 reported four pregnancies in three 
women after ureterosigmoidostomy. During pregnancy, monthly 
urologic examinations included renal ultrasound and resistance 
index; levels of serum electrolytes, urea, and creatinine; and 
blood gas analysis. Antibiotics and sodium-potassium-hydrogen 
citrate were administered prophylactically in all pregnant women. 
Delivery was achieved by cesarean section in three (one with 
preeclampsia at week 36) and vaginally in one.

CONCLUSIONS

A variety of surgical techniques and their modifi cations offer a 
broad spectrum of possible solutions to female patients when 
reconstruction of the lower urinary tract by bowel segments 
becomes necessary. Augmentation enterocystoplasty and ortho-
topic substitution to the trigone or bladder neck is reserved for 
women with benign diseases, such as low-capacity or low-
compliance bladders caused by neurogenic and non-neurogenic 
diseases or chronic infl ammation that is refractory to conserva-
tive treatment regimens. Women in whom radical cystectomy 
becomes necessary because of a malignant disease require total 
bladder substitution. Surgical techniques of ureterosigmoidos-
tomy or rectosigmoid pouch diversion provide continence 
through the anal sphincter. These techniques can be offered to 
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A B

C D
Figure 96-9 Full-thickness bowel fl ap. A and B, The full-thickness bowel fl ap tube is created by an inverted-U-shaped incision along the 
tenia libera of the cecum and tubularized. C, The tube is embedded into a submucosal tunnel at the tenia omentalis. D, The tunnel is 
fi nished by closing the lateral margins of the seromuscularis. (Modifi ed from Hohenfellner R: Ausgewählte Urologische OP-Techniken, 
2. Aufl age Stuttgart, New York, Thieme Verlag, 1997).
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A B

C D
Figure 96-10 Transverse colonic pouch diversion (Mainz pouch III). A, A 20-cm segment of transverse colon and ascending or descending 
colon are isolated. B, The outlet is created by a full-thickness colonic tube of about 8 cm. C, The colonic tube is embedded into a 
submucosal tunnel. D, The ureters are implanted by the Goodwin technique (shown) or by a extramural serosal tunnel. (Modifi ed from 
Leissner J, Black P, Fisch M, et al: Colon pouch (Mainz pouch III) for continent urinary diversion after pelvic irradiation. Urology 56:798-802, 
2000).
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A B C

D E F

G H
Figure 96-11 Indiana pouch. A, A 8- to 10-cm segment of terminal ileum and 25- to 30-cm of cecum and ascending colon are used for 
construction of the Indiana pouch, and they are opened along the antimesenteric border. B and C, The aboral end of the opened colon is 
folded down (arrow) to the apex of the incision and closed with a single layer of sutures. D, Ureteral implantation is performed through a 
T-shaped incision of the colonic tenia, leaving the mucosa intact. E, The ureteral orifi ce is established after mucosal incision. F and G, The 
spatulated ureter is anastomosed to the bowel mucosa by single sutures, and the seromuscularis is closed over it. H, The efferent segment is 
established by tapering the terminal ileum using absorbable GIA staples, leaving a caliber of ileum for passage of an 18-Fr catheter. The 
outlet is imbricated by sutures at the junction of ileum and cecum. (Modifi ed from Rowland RG: Present experience with the Indiana pouch. 
World J Urol 14:92-98, 1996.)
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patients with irreparable loss of the functional urethra or if ure-
threctomy is required in radical tumor surgery.

Continent cutaneous diversion with a catheterizable cutane-
ous stoma is a practicable and safe alternative when diversion 
or orthotopic urinary diversion to the urethra is not feasible 
or desired. To ensure success of continent cutaneous diver-
sion, careful patient selection is required for motivation, 
com pliance, and the manual dexterity necessary to perform 
selfcatheterization. Orthotopic bladder substitution to the 
urethra is simple to perform and can be offered to selected female 

patients. Intraoperatively, frozen sections of the distal urethral 
stump and surrounding tissues are sampled to ensure complete 
tumor excision. Sparing the autonomic nerves is questioned 
because of the possibility of compromising the radicality of 
tumor excision. Patients should be educated about postoperative 
functional problems, including incontinence and chronic urinary 
retention requiring clean, intermittent self-catheterization. 
Intermittent self-catheterization should be practiced preopera-
tively to ensure acceptance and compliance with the maneuver 
after surgery.

A B
Figure 96-12 A, Sigma rectum pouch (Mainz pouch II). A 20- to 25-cm segment of bowel is chosen and opened antimesenterically down 
to the peritoneal refl ection of the rectum and folded to an inverted U-shape. B, The posterior wall of the pouch is created by side-to-side 
anastomosis of the medial margins of the inverted U. Non-refl uxing ureterointestinal anastomosis is performed through a 4-cm submucosal 
tunnel. (Modifi ed from Fisch M, Wammack R, Hohenfellner R: The sigma-rectum pouch [Mainz pouch II]. In Hohenfellner R, Wammack R 
[eds]: Continent Urinary Diversion. Edinburgh, Churchill Livingstone, 1992, pp 165-166.)

References

 1. Tizzoni G, Foggi A: Die Wiederherstellung der Harnblase. Centralbl 
Chir 15:921-923, 1888.

 2. van Ophoven A, Oberpfenning F, Hertle L: Long-term results of 
trigone-preserving orthotopic substitution enterocystoplasty for 
interstitial cystitis. J Urol 167:603-607, 2002.

 3. Costello AJ, Crowe H, Agarwal D: Supratrigonal cystectomy and 
ileocystoplasty in management of interstitial cystitis. Aust N Z J Surg 
70:34-38, 2000.

 4. Chakravarti A, Ganta S, Somani B, Jones BS: Caecocystoplasty for 
intractable interstitial cystitis: Long term results. Eur Urol 46:114-
117, 2004.

 5. Awad SA, Al-Zahrani HM, Gajewski JB, Bourque-Kehoe AA: Long-
term results and complications of augmentation ileocystoplasty for 
idiopathic urge incontinence in women. Br J Urol 81:569-573, 
1998.

 6. Flood HD, Malhotra SJ, O’Connell HE, et al: Long-term results and 
complications using augmentation cystoplasty in reconstructive 
urology. Neurourol Urodyn 14:297-309, 1995.

 7. Goodwin WE, Winter CC, Barker WF: Cup-patch technique of ileo-
cystoplasty for bladder enlargement or partial substitution. Surg 
Gynecol Obstet 108:240-244, 1959.

 8. Goodwin WE, Winter CC: Technique of sigmoidocystoplasty. Surg 
Gynecol Obstet 108:370-372, 1959.

 9. Hanley HG: Ileocystoplasty: A clinical review. J Urol 82:317-320, 
1959.

10. Thüroff JW, Alken P, Riedmiller H, et al: The Mainz pouch (mixed 
augmentation ileum and cecum) for bladder augmentation and con-
tinent diversion. J Urol 136:17-26, 1986.

11. Deleveliotis A, Macris SG: Replacement of the bladder with an iso-
lated segment of sigmoid: Achievement of physiological urination 
in patients with carcinoma of the bladder. J Urol 85:564-568, 
1961.

12. Linn JF, Hohenfellner M, Roth S, et al: Treatment of interstitial 
cystitis: Comparison of subtrigonal and supratrigonal cystectomy 
combined with orthotopic bladder substitution. J Urol 159:774-778, 
1998.

Ch096-X2339.indd   991 2/4/2008   5:22:35 PM



992 Section 12 RECONSTRUCTION

13. Perimenis P, Burkhard FC, Kessler TM, et al: Ileal orthotopic bladder 
substitute combined with an afferent tubular segment: Long-term 
upper urinary tract changes and voiding pattern. Eur Urol 46:604-
609, 2004.

14. Stein JP, Ginsberg DA, Skinner DG: Indications and technique of 
the orthotopic neobladder in women. Urol Clin North Am 29:725-
734, 2002.

15. Stein JP, Cote RJ, Freeman JA, et al: Indications for lower urinary 
tract reconstruction in women after cystectomy for bladder cancer: 
A pathological review of female cystectomy specimens. J Urol 
154:1329-1333, 1995.

16. Stenzl A, Draxl H, Posch B, et al: The risk of urethral tumors in 
female bladder cancer: Can the urethra be used for orthotopic 
reconstruction of the lower urinary tract? J Urol 153:950-955, 
1995.

17. Colleselli K, Stenzl A, Eder R, et al: The female urethral sphincter: 
A morphological and topographical study. J Urol 160:49-54, 1998.

18. Ghoneim MA, Kock NG, Lycke G, El-Din ABS: An appliance-free 
sphincter-controlled bladder substitute: The urethral Kock pouch. 
J Urol 138:1150-1154, 1987.

19. Stein JP, Lieskovski G, Ginsberg DA, et al: The T-pouch: An ortho-
topic ileal neobladder incorporating a serosal lined ileal antirefl ux 
technique. J Urol 159:1836-1842, 1998.

20. Hautmann RE, Egghart G, Frohneberg D, Miller K: The ileal neo-
bladder. J Urol 139:39-42, 1988.

21. LeDuc A, Camey M, Teillac P: An original antirefl ux ureteroileal 
implantation technique: Long term follow-up. J Urol 137:1156-
1158, 1987.

22. Abol-Enein H, Ghoneim MA: A novel uretero-ileal re-implantation 
technique: The serous lined extramural tunnel. A preliminary report. 
J Urol 151:1193-1198, 1994.

23. Hautmann RE: The ileal neobladder: Atlas. Urol Clin North Am 
9:85, 2001.

24. Studer UE, Ackermann D, Casanova GA, Zingg EJ: Three years 
experience with an ileal low pressure bladder substitute. Br J Urol 
63:43-52, 1989.

25. El-Mekresh M, Franzaring L, Wöhr M, et al: Simplifi ed orthotopic 
ileocecal pouch (Mainz pouch) for bladder substitution. Aktuelle 
Urol 34:226-223, 2003.

26. Hautmann RE, De Petriconi R, Gottfried HW, et al: The ileal neo-
bladder: Complications and functional results in 363 patients after 
11 years of followup. J Urol 161:422-428, 1999.

27. Ghoneim MA, Shaaban AA, Mahran MR, Kock NG: Further experi-
ences with the urethral Kock pouch. J Urol 147:361-365, 1992.

28. Cancrini A, De Carli P, Fattahi H, et al: Orthotopic ileal neobladder 
in female patients after radical cystectomy: 2-year experience. J Urol 
153:956-958, 1995.

29. Stenzl A, Colleselli K, Poisel S, et al: Rationale and technique of nerve 
sparing radical cystectomy before an orthotopic neobladder proce-
dure in women. J Urol 154:2044-2049, 1995.

30. Ali-El-Dein B, El-Sobky E, Hohenfellner M, Ghoneim MA: Ortho-
topic bladder substitution in women: Functional evaluation. J Urol 
161:1875-1880, 1999.

31. Hautmann RE, Paiss T, De Petriconi R: The ileal neobladder in 
women: 9 years of experience with 18 patients. J Urol 155:76-81, 
1996.

32. Volkmer BG, Gschwend JE, Herkommer K, et al: Cystectomy and 
orthotopic ileal neobladder: The impact on female sexuality. J Urol 
172:2353-2357, 2004.

33. Kock NG, Nilson AR, Norlen L, et al: Urinary diversion via a conti-
nent ileum reservoir: Clinical experience. Scand J Urol Nephrol 
Suppl 49:23, 1978.

34. Soulie M, Seguin P, Martel P, et al: A modifi ed intussuscepted nipple 
in the Kock pouch urinary diversion: Assessment of perioperative 
complications and functional results. Br J Urol 90:397-402, 2002.

35. Jonsson O, Olofsson G, Lindholm E, Törnquist H: Long time experi-
ence with Kock ileal reservoir for continent urinary diversion. Eur 
Urol 40:632-640, 2001.

36. Skinner DG, Lieskovski G, Boyd S: Continent urinary diversion. 
J Urol 141:1323-1327, 1989.

37. Okada Y, Shichiri Y, Terai A, et al: Management of late complica-
tions of continent urinary diversion using the Kock pouch and the 
Indiana pouch procedures. Int J Urol 3:334-339, 1996.

38. Carr LK, Webster GD: Kock versus right colon continent urinary 
diversion: Comparison of outcome and reoperation rate. Urology 
48:711-714, 1996.

39. Bander NH: Initial results with slightly modifi ed Kock pouch. 
Urology 37:100-105, 1991.

40. Stein JP, Freeman JA, Esrig D, et al: Complications of the afferent 
antirefl ux valve mechanism in the Kock ileal reservoir. J Urol 
155:1579-1584, 1996.

41. Goodwin WE, Winter CC, Turner RD: Replacement of ureter by 
small intestine: Clinical application and results of the ileal ureter. 
J Urol 81:406-418, 1959.

42. Hohenfellner R, Black P, Leissner J, Allhoff EP: Refl uxing uretero-
intestinal anastomosis for continent cutaneous urinary diversion. 
J Urol 168:1013-1017, 2002.

43. Riedmiller H, Bürger R, Müller S, et al: Continent appendix stoma: 
A modifi cation of the Mainz pouch technique. J Urol 143:1115-
1116, 1990.

44. Lampel A, Hohenfellner M, Schultz-Lampel D, Thüroff JW: In situ 
tunneled bowel fl ap tubes: 2 new techniques of a continent outlet 
for Mainz pouch cutaneous diversion. J Urol 153:308-315, 1995.

45. Gerharz EW, Köhl U, Weingärtner K, et al: Complications related 
to different continence mechanisms in ileocecal reservoir. J Urol 
158:1709-1713, 1997.

46. Fichtner J, Fisch M, Hohenfellner R: Appendiceal continence mech-
anisms in continent urinary diversion. World J Urol 14:105-107, 
1996.

47. Lampel A, Fisch M, Stein R, et al: Continent diversion with the 
Mainz pouch. World J Urol 14:85-91, 1996.

48. Gerharz EW, Köhl UN, Melekos MD, et al: Ten years experience 
with the submucosally embedded in situ appendix in continent 
urinary diversion. Eur Urol 40:625-631, 2001.

49. Stein R, Pfi tzenmaier J, Behringer M, et al: The long-term results 
(5-16 years) of Mainz pouch I technique at a single institution. 
J Urol Suppl 165:88, 2001.

50. Leissner J, Black P, Fisch M, et al: Colon pouch (Mainz pouch III) 
for continent urinary diversion after pelvic irradiation. Urology 
56:798-802, 2000.

51. Rowland RG, Mitchell ME, Bihrle R, et al: Indiana continent urinary 
reservoir. J Urol 137:1136-1139, 1987.

52. Chanturaia Z, Pertia A, Managadze G, et al: Right colonic reservoir 
with submucosally embedded tapered ileum—Tifl is pouch. Urol Int 
59:113-118, 1997.

53. Rowland RG, Present experiences with the Indiana pouch. World J 
Urol 14:92-98, 1996.

54. Holmes DG, Trasher JB, Park GY, et al: Long term complications 
related to the modifi ed Indiana pouch. Urology 60:603-606, 2002.

55. Aria Y, Kawakita M, Terachi T, et al: Long-term followup of the 
Kock and Indiana pouch procedures. J Urol 150:51-55, 1993.

56. Wilson TG, Moreno JG, Weinberg A, Ahlering TE: Late complica-
tions of the modifi ed Indiana pouch. J Urol 151:331-334, 1994.

57. Davidsson T, Barker SB, Mansson W: Tapering of intussuscepted 
ileal nipple valve or ileocecal valve to correct secondary incontinence 
in patients with urinary reservoir. J Urol 147:144-146, 1992.

58. Mansson W, Davidsson T, Könyves J, et al: Continent urinary 
tract reconstruction—The Lund experience. BJU Int 92:271-276, 
2003.

59. Lockhart JL: Remodeled right colon: An alternative urinary reser-
voir. J Urol 138:730-734, 1987.

60. Helal M, Pow-Sang J, Sanford E, et al: Direct (non tunneled) ure-
terocolonic reimplantation in association with continent reservoirs. 
J Urol 150:835-837, 1993.

61. Lockhart JL, Pow-Sang JM, Persky L, et al: A continent colonic 
urinary reservoir: The Florida pouch. J Urol 144:864-867, 1990.

Ch096-X2339.indd   992 1/31/2008   3:07:37 PM



 Chapter 96 USE OF BOWEL IN LOWER URINARY TRACT RECONSTRUCTION IN WOMEN 993

62. Webster C, Bukkapatnam R, Seigne JD, et al: Continent colonic 
urinary reservoir (Florida pouch): Long term surgical complications 
(greater than 11 years). J Urol 169:174-176, 2003.

63. Simon J: Ectropia vesica (absence of the anterior walls of the bladder 
and pubic abdominal parities): Operations for directing the orifi ces 
of the ureters into the rectum; temporary success; subsequent death; 
autopsy. Lancet 2:568, 1852.

64. Goodwin WE Harris AP, Kaufmann JJ, et al: Open transcolonic 
uretero-intestinal anastomosis: A new approach. Surg Gynecol 
Obstet 97:295-298, 1953.

65. Hohenfellner R, Planz C, Wulff HD, et al: Die transsigmoidale Ure-
terosigmoidostomie (Sigma-Rectum-Blase): Operationstechnik und 
Gesamtkaliumbestimmung. Urologe 6:275-281, 1967.

66. Leadbetter WF: Consideration of problems incident to performance 
of ureteroenterostomy: Report of a technique. J Urol 65:818-825, 
1951.

67. Fisch M, Wammack R, Müller SC, Hohenfellner R: The Mainz 
pouch II. Eur Urol 25:7-15, 1994.

68. D’Elia G, Pahernik S, Fisch M, et al: Mainz pouch II technique: 10 
years’ experience. BJU Int 93:1037-1042, 2004.

69. Bastian PJ, Albers P, Hanitzsch H, et al: Health-related quality-of-
life following modifi ed ureterosigmoidostomy (Mainz pouch II) as 
continent urinary diversion. Eur Urol 46:591-598, 2004.

70. Bastian PJ, Albers P, Hanitzsch H, et al: The modifi ed uretero-
sigmoidostomy (Mainz pouch II) as a continent form of urinary 
diversion. Urologe A 43:982-988, 2004.

71. Gilja I, Kovacic M, Radej M, et al: The sigmoidorectal pouch (Mainz 
pouch II). Eur Urol 29:210-215, 1996.

72. Volkmer BG, Seidl EM, Gschwend JE, et al: Pregnancy in women 
with ureterosigmoidostomy. Urology 60:979-982, 2002.

Ch096-X2339.indd   993 1/31/2008   3:07:37 PM



Chapter 97

TRANSVAGINAL CLOSURE OF THE 
BLADDER NECK IN THE TREATMENT OF 
URINARY INCONTINENCE
R. Duane Cespedes

The treatment of urinary complications in the female patient 
with advanced neurologic disease is a challenging problem. 
Unlike their male counterparts, reliable urinary collection devices 
do not exist, limiting the available options. Most of these patients 
are treated with a long-term indwelling Foley catheter, which 
frequently causes severe complications, including a small and 
contracted bladder, recurrent infections, bladder stones, and a 
destroyed urethra. The long-term indwelling catheter and Foley 
balloon may produce urethral erosion and bladder neck pressure 
necrosis, resulting in spontaneous urethral expulsion with bladder 
spasms. In many cases, after the problems of detrusor compliance 
and bladder storage have been addressed, the patient is left with 
a fi xed, open, and severely damaged urethra. Many options have 
been proposed for treatment of the destroyed urethra, including 
transvaginal closure, transabdominal closure, combined trans-
vaginal and transabdominal approaches, a tight pubovaginal 
sling, or an artifi cial urinary sphincter. For milder cases with a 
partially intact urethra, a sling procedure can adequately close the 
bladder neck of most incontinent patients, but for the more 
severe cases, a bladder neck closure and suprapubic diversion are 
often necessary. Bladder neck closure methods remain the therapy 
of last resort, but they must occasionally be used because not all 
patients can be successfully managed with minimally invasive 
therapies.

HISTORICAL PERSPECTIVE

For urethras that are not totally destroyed, a pubovaginal sling 
has been used successfully to close the urethra. Chancellor and 
associates1 used a combined “tight” autologous pubovaginal sling 
and enterocystoplasty in 10 female patients with urethras 
destroyed by long-term Foley use. At 24 months, the investigators 
reported excellent results with minimal incontinence or other 
complications. They remarked that at least 1 cm of normal 
urethra was required for proper functioning of the sling and that 
the sling must be pulled tighter than normal. Mesh may not be 
applicable in this circumstance because the sling is purposely 
pulled very tight, possibly leading to a catastrophic erosion. 
Overall, this method is appealing because it reduces the fi stula 
risk, allows a relief valve if the suprapubic diversion becomes 
obstructed, and allows alternative catheter access if needed.

There are few published reports on the techniques and out-
comes of transvaginal bladder neck closure in female patients. 
Reid and colleagues2 described fi ve female patients (three proce-
dures were performed transabdominally, and two were per-
formed transvaginally) with an overall 80% cure rate. Fenely3 

reported 24 female patients with neurologic disease who under-
went transvaginal bladder neck closure and suprapubic tube 
placement. A vesicovaginal fi stula developed in four patients, 
resulting in persistent incontinence. Zimmern and colleagues4 
described six female patients with closure of the bladder neck. At 
21 months of follow-up, no fi stulas or cases of incontinence had 
occurred. In 1994, Levy and associates5 reported a 40% success 
rate using a transvaginal bladder neck closure. They subsequently 
modifi ed their approach by using a combined transvaginal-
transabdominal approach and reported a 100% success rate at a 
mean of 16 months’ follow-up for their subsequent 10 patients. 
Shpall and Ginsberg6 reported 39 patients who underwent a com-
bined transabdominal bladder neck closure and continent cuta-
neous diversion. At a mean of 37 months, six patients (15%) had 
developed fi stulas, and four patients were successfully repaired.

As illustrated by this historical perspective, the risk of compli-
cations, specifi cally a vesicovaginal fi stula, is real, and they are 
diffi cult to repair. A bladder neck closure is much different from 
simple closure of the bladder wall, and the risk of a fi stula should 
not be underestimated. Several principles should be understood 
before performing a bladder neck closure. The bladder neck is 
usually hyperactive in patients with neurologic disease because 
most of them have detrusor hyperrefl exia, and every voiding 
refl ex includes active opening of the bladder neck. Active opening 
and closing of the bladder neck therefore forcibly attempts to 
destroy the bladder neck closure. To reduce this risk, postopera-
tive suppression of the voiding refl ex using prolonged, continu-
ous catheter drainage (3 weeks) and liberal use of anticholinergics 
is imperative.

For a fi stula to form, leakage must occur. The repair must be 
watertight from the beginning, and this requires a precise mucosal 
closure using a running suture, with multiple additional layers 
above it to reinforce the strength of the repair. The urethral 
mucosa sutures lines and the vaginal epithelial suture lines should 
not overlap the bladder neck closure. For added protection, a 
drain should be placed through an abdominal incision.

INDICATIONS FOR THE PROCEDURE

A transvaginal bladder neck closure is an uncommon surgical 
procedure. The main indication is for patients with a neurogenic 
bladder who have a urethra destroyed by prolonged Foley cathe-
ter drainage. The usual clinical scenario is a progressive increase 
in leakage around the catheter, necessitating progressively larger 
catheters and more fl uid in the Foley balloon. This eventually 
results in a wide, patulous, and severely damaged urethra. 

994
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Management of these patients often requires transvaginal closure 
of the bladder neck and simultaneous urinary diversion using a 
continent catheterizable augmentation, incontinent ileovesicos-
tomy, or suprapubic catheter.

Other possible indications for a bladder neck closure include 
a urethra destroyed by disease or injury, such as a urethral diver-
ticulum, recurrent urethrovaginal fi stula after surgical proce-
dures, and severe urethral trauma.

PREOPERATIVE EVALUATION

Pelvic examination of the urethra usually reveals an enlarged, 
shortened, patulous urethra with overt visualization of the 
bladder neck or bladder itself in severe cases. Cystoscopy is per-
formed to confi rm the absence of other pathology in the bladder, 
such as foreign bodies, stones, cancer, or diverticula, which may 
accompany long-term Foley catheter drainage. Evaluation of the 
upper urinary tracts is indicated to assess for stones, hydrone-
phrosis, or ureteral obstruction.

The choices for urinary diversion must be comprehensively 
discussed with the patient and family. If a continent diversion 
will be performed in conjunction with bladder neck closure, the 
patient must demonstrate suffi cient manual dexterity to perform 
self-catheterization. If the patient has a reliable caregiver, this 
may be suffi cient, although this does introduce additional risk for 
complications because a high-pressure system may develop if 
catheterizations are delayed.

In many cases, an incontinent ileovesicostomy to the skin 
(“chimney”) is the safest long-term option because it reliably 
creates a low-pressure system and largely avoids the infl amma-
tory and infectious complications of an indwelling catheter. This 
method also provides an easy, inexpensive, and reliable bag-on-
stoma situation for caregivers. Two different methods for per-
forming an incontinent ileovesicostomy diversion have been 
described.7,8 When performing a diversion that entails opening 
of the bladder, it is preferable in some situations to close the 
bladder neck transabdominally. Khoury and colleagues9 have 
reported an effective method of transabdominal closure.

Suprapubic catheter drainage is perhaps the most commonly 
used diversion because it is initially the least invasive, but it is not 
without complications. Although a suprapubic tube minimizes 
the urethral complications and allows the use of larger catheters, 
the problems with bladder infl ammation, infection, bladder 
fi brosis, stone formation, and upper tract deterioration can still 
occur. In many cases, a suprapubic tube is used temporarily until 
the defi nitive diversion can be performed. Suprapubic tube place-
ment is facilitated by using a transurethral Lowsley retractor to 
tent up the anterior bladder wall to the rectus and subsequently 
pull the Foley down into the bladder.10 The urine should be rou-
tinely cultured and broad-spectrum antibiotics, matched to the 
culture, used before surgery.

SURGICAL TECHNIQUE

The patient is placed in the dorsal lithotomy position and then 
prepared and draped to allow access to the lower abdomen and 
vagina. If a suprapubic tube will be used postoperatively, a large 
(20- to 24-Fr) tube is placed fi rst using a Lowsley retractor to 
elevate the bladder to the anterior abdominal wall. Normal saline 
is injected into the vaginal wall to develop a subepithelial plane 

around the urethra and to develop a mucosal fl ap for coverage. 
A circumscribing incision is made around the urethral opening, 
and an inverted-U-shaped incision is made in the anterior vaginal 
wall below the urethra (Fig. 97-1). The vaginal fl ap is created by 
sharp dissection in the anterior vaginal wall, separating the 
epithelium from the underlying fascia. The dissection is carried 
laterally and superiorly around the open bladder neck (Fig. 97-2). 
The dissection is continued deeper around the bladder neck, 
freeing the bladder from its attachments to the symphysis pubis 
and lateral pelvic side wall. This invariably requires entering the 
retropubic space by detaching the urethropelvic ligaments on 
either side of the bladder neck and the pubourethral ligaments 
superior to the urethra. If the urethra is more than about 1 cm 
long, the distal portion should be resected to ensure that it can 
be folded in without leaving any exposed mucosa. Indigo carmine 
is injected to ensure identifi cation of the ureteral orifi ces to 
prevent injury during bladder neck closure.

The bladder neck is closed in three layers. The fi rst two layers 
are vertically closed, and the third layer is closed horizontally. 
The mucosal layer is precisely closed with a running 3-0 poly-
glycolic acid suture to ensure a watertight closure. If any tension 
exists on this or a subsequent suture line, further dissection is 
required to ensure that it is tension free. The muscular layer is 
then closed over the mucosa with a running 2-0 polyglycolic acid 
suture, incorporating the urethral muscle and distal bladder neck 
region (Fig. 97-3). The bladder neck and anterior bladder wall 
should be closed horizontally (to prevent overlapping suture 
lines) over the previous layers using interrupted 1-0 polyglycolic 
acid sutures. At this point, the bladder neck closure should be 
elevated somewhat back into the retropubic space behind the 
pubic symphysis (Fig. 97-4). A Martius fl ap may be placed at this 
time to advance another layer over the repair, although it is rarely 

Figure 97-1 After injection of normal saline into the anterior 
vaginal wall, an incision is made around the urethral opening to 
create the vaginal wall fl ap.
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needed unless the patient has poor tissue or has been irradiated.11 
A retropubic drain is usually placed and advanced out through a 
suprapubic incision. The vaginal wall fl ap is advanced over the 
entire bladder neck closure, ensuring that it covers the original 
urethral opening (Fig. 97-5).

POSTOPERATIVE CARE AND COMPLICATIONS

A vaginal pack is placed in the vagina for tamponade purposes 
and to place pressure on the tissue layers to facilitate adhesion 
between them. I usually leave the pack in place for 24 hours. The 
drain is removed when drainage is less than 50 mL per day. The 
suprapubic tube is carefully secured and irrigated routinely until 
all hematuria subsides. Antibiotics are used postoperatively for 
2 weeks during the healing period. After 3 weeks, a cystogram 
is performed to ensure the bladder neck is completely closed.

The most signifi cant complication of transvaginal bladder 
neck closure is postoperative vesicovaginal fi stula. This may 
occur early or late in the healing period. Several steps can be 
taken to prevent the development of fi stulas: using several water-
tight closure layers; positioning the bladder neck high in the 
retropubic space; minimizing suture overlap; avoidance of 
postoperative bladder spasms with anticholinergics; using a drain 
such that inadvertent urine leakage does not fi stulize to the 
vagina; use of a Martius fl ap for irradiated or poor tissue; and 
ensuring low-pressure drainage during the healing process. If a 
fi stula does form despite these measures, a secondary repair may 
be performed after the infl ammation has subsided, which is 

Figure 97-2 The urethral meatus is dissected free, and the vaginal 
wall fl ap is created.

Figure 97-3 The bladder neck wall musculature is vertically closed 
in a running fashion after the mucosal layer has a watertight 
closure.

Figure 97-4 The fi nal muscular layer is closed in a horizontal 
fashion and rotated superiorly behind the pubis.
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approximately 3 months. In some cases, a pedicled graft may be 
required to bring good tissue into the area, or an abdominal 
approach can be used to allow an omental interposition fl ap to 
cover the repair.

CONCLUSIONS

Bladder neck closure is an uncommon procedure and is typically 
used in patients with urethras destroyed by long-term Foley 
usage. A successful closure can be performed by using the prin-
ciples of watertight, non-overlapping suture lines and by ensur-
ing low-pressure drainage during healing. There are many choices 
for urinary diversion, and these should be discussed with the 
patient, keeping the long-term goals in mind.
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Figure 97-5 The vaginal epithelium is advanced over the entire 
defect and closed with a running suture.
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Chapter 98

TISSUE ENGINEERING FOR 
RECONSTRUCTION OF THE URINARY 
TRACT AND TREATMENT OF STRESS 
URINARY INCONTINENCE
Daniel Eberli and Anthony Atala

Urinary incontinence is associated with impairment of quality of 
life, social isolation, and depressive symptoms.1 A conservative 
estimate is that urinary incontinence affects approximately 20% 
of women. However, the prevalence may be as high as 50% 
among older women, with a peak at 47 years old.2-4 In the United 
States the estimated annual direct cost of caring for patients with 
urinary incontinence is more than $16 billion.5

In general, treatment plans are usually directed toward the 
specifi c type of urinary incontinence, and the treatment option 
with the lowest risk for adverse complications is usually offered. 
Lifestyle intervention, pelvic fl oor muscle training, vaginal devices 
(i.e., pessaries), and pharmacologic treatments are usually con-
sidered before surgical intervention.1

Surgical options include endoscopic injection of bulking 
agents, colposuspension (e.g., Burch procedure), sling opera-
tions, traditional transvaginal needle suspension, and tension-
free vaginal tape. However, many of the current surgical treatment 
options only offer short-term relief of urinary incontinence, and 
the overall success of these therapies is limited by the complica-
tions, including infection, graft erosion, bladder and bowel 
perforation, prolonged catheterization, and vascular injury.2 
The shortcomings of current therapies have led to the application 
of regenerative medicine and tissue engineering to the fi eld of 
urinary incontinence.

Regenerative medicine encompasses various areas of technol-
ogy, such as tissue engineering, stem cells, and cloning. Tissue 
engineering, one of the major components of regenerative medi-
cine, follows the principles of cell transplantation, materials 
science, and engineering toward the development of biologic 
substitutes that can restore and maintain normal function. Tissue 
engineering strategies generally fall into two categories: the use 
of acellular matrices, which depend on the body’s natural ability 
to regenerate for proper orientation and direction of new tissue 
growth, and the use of matrices with cells. Acellular tissue 
matrices are usually prepared by manufacturing artifi cial scaf-
folds or by removing cellular components from tissues by 
mechanical and chemical manipulation to produce collagen-rich 
matrices.6-9 These matrices tend to slowly degrade on implanta-
tion and are generally replaced by the extracellular matrix (ECM) 
proteins that are secreted by the ingrowing cells. Cells can also 
be used for therapy by injection alone or with carriers such as 
hydrogels.

When cells are used for tissue engineering, a small piece of 
donor tissue is dissociated into individual cells. These cells are 

implanted directly into the host or are expanded in culture, 
attached to a support matrix, and then reimplanted into the host 
after expansion. The source of donor tissue can be heterologous, 
allogeneic, or autologous (Table 98-1). Ideally, structural and 
functional tissue replacement will occur with minimal complica-
tions. The preferred cells to use are autologous cells. For this 
method, a biopsy of tissue is obtained from the host, the cells are 
dissociated and expanded in culture, and the expanded cells are 
implanted into the same host.9-12 The use of autologous cells, 
although it may cause an infl ammatory response, avoids rejec-
tion, and the deleterious side effects of immunosuppressive 
medications can be avoided.

Most strategies for tissue engineering depend on a sample of 
autologous cells from the diseased organ of the host. However, 
for many patients with extensive end-stage organ failure, a tissue 
biopsy may not yield enough normal cells for expansion and 
transplantation. In other instances, primary autologous human 
cells cannot be expanded from a particular organ, such as the 
pancreas. In these situations, stem cells are envisioned as being 
an alternative source of cells from which the desired tissue 
can be derived. Stem cells can be derived from discarded 
human embryos (i.e., human embryonic stem cells), from fetal 
tissue, or from adult sources (e.g., bone marrow, fat, skin). 
Therapeutic cloning has also played a role in the development of 
the fi eld of regenerative medicine. Therapeutic cloning, which 
has also been called nuclear transplantation and nuclear transfer, 
involves the introduction of a nucleus from a donor cell into 
an enucleated oocyte to generate an embryo with a genetic 
makeup identical to that of the donor. Stem cells can be derived 
from this source, which may have the potential to be used 
therapeutically.

Major advances have been achieved within the past decade. 
Regenerative medicine may extend the treatment options for 
urinary incontinence. However, like every new fi eld, regenerative 
medicine and tissue engineering are expensive. Several of the 
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Table 98-1 Origin of Tissue

Source of Donor Tissue Defi nition

Autologous Same individual
Homologous (allogeneic) Same species, different individual
Heterologous Different species (bovine)
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clinical trials involving bioengineered products have been placed 
on hold because of the costs involved with the specifi c technol-
ogy. With a bioengineered product, costs are usually high because 
of the biologic nature of the therapies involved. As with any 
therapy, the costs allowed by the medical health care system for 
a specifi c technology must be limited. The costs of bioengineered 
products must be lowered for them to have an impact clinically. 
This issue is being addressed for many tissue-engineered tech-
nologies. As the technologies advance over time and the volume 
of the application is considered, costs will naturally decrease.

NATIVE CELLS

One of the limitations of applying cell-based regenerative medi-
cine techniques to organ replacement has been the inherent 
diffi culty of growing specifi c cell types in large quantities. By 
studying the privileged sites for committed precursor cells in 
specifi c organs and by exploring the conditions that promote 
differentiation, researchers may be able to overcome the obstacles 
that limit cell expansion in vitro. For example, urothelial cells 
have been grown in an institutional setting in the past, but only 
with limited expansion. Several protocols developed over the past 
2 decades identifi ed the undifferentiated cells and kept them 
undifferentiated during their growth phase.13-16 Using these 
methods of cell culture, it is possible to expand a urothelial strain 
from a single specimen that initially covered a surface area of 
1 cm2 to one covering a surface area of 4202 m2 (the equivalent 
of one football fi eld) within 8 weeks.13

These studies indicated that it should be possible to collect 
autologous bladder cells from human patients, expand them in 
culture, and return them to the donor in suffi cient quantities for 
reconstructive purposes.13,15-20 Major advances have been achieved 
within the past decade on the possible expansion of a variety of 
primary human cells, with specifi c techniques that make the use 
of autologous cells possible for clinical application.

ANGIOGENIC FACTORS

The engineering of large organs requires a vascular network of 
arteries, veins, and capillaries to deliver nutrients to each cell. 
One possible method of vascularization is the use of gene delivery 
of angiogenic agents such as vascular endothelial growth factor 
(VEGF) with the implantation of vascular endothelial cells to 
enhance neovascularization of engineered tissues. Skeletal myo-
blasts from adult mice were cultured and transfected with an 
adenovirus encoding VEGF, and these cells were combined with 
human vascular endothelial cells.21 The mixtures of cells were 
injected subcutaneously in nude mice, and the engineered tissues 
were retrieved up to 8 weeks after implantation. The transfected 
cells formed muscle with neovascularization, as determined by 
histology and immunohistochemical probing, with maintenance 
of their muscle volume, whereas engineered muscle of nontrans-
fected cells had a signifi cantly smaller mass of cells, with loss of 
muscle volume over time, less neovascularization, and no surviv-
ing endothelial cells. These results indicate that a combination of 
VEGF and endothelial cells may be useful for inducing neovas-
cularization and volume preservation in engineered tissue. The 
use of angiogenic factors may support cell-based therapy in 
patients with postirradiation incontinence or patients with large 
fi brotic degeneration of the urinary sphincter.

BIOMATERIALS

For cell-based tissue engineering, the expanded cells are seeded 
onto a scaffold synthesized with the appropriate biomaterial. In 
tissue engineering, biomaterials replicate the biologic and 
mechanical function of the native ECM found in tissues in the 
body by serving as an artifi cial ECM. Biomaterials provide a 
three-dimensional space for the cells to form into new tissues 
with appropriate structure and function, and they allow the 
delivery of cells and appropriate bioactive factors (e.g., cell-
adhesion peptides, growth factors) to desired sites in the body.22 
Because most mammalian cell types are anchorage dependent 
and will die if no cell-adhesion substrate is available, biomaterials 
provide a cell-adhesion substrate that can deliver cells to specifi c 
sites in the body with high loading effi ciency. Biomaterials can 
provide mechanical support against in vivo forces such that the 
predefi ned three-dimensional structure is maintained during 
tissue development. Bioactive signaling agents, such as cell-
adhesion peptides and growth factors, can be loaded along with 
cells to help regulate cellular function.

The ideal biomaterial should be biodegradable and bioresorb-
able to support the replacement of normal tissue without infl am-
mation. Incompatible materials are destined for an infl ammatory 
or foreign body response that eventually leads to rejection and 
necrosis. Degradation products, if produced, should be removed 
from the body by means of metabolic pathways at a rate that 
keeps the concentration of these degradation products in the 
tissues at a tolerable level.23 The biomaterial should also provide 
an environment in which appropriate regulation of cell behavior 
(i.e., adhesion, proliferation, migration, and differentiation) can 
occur such that functional tissue can form. Cell behavior in the 
newly formed tissue is regulated by many interactions of the cells 
with their microenvironment, including interactions with cell-
adhesion ligands24 and with soluble growth factors.25

Biomaterials provide temporary mechanical support while the 
cells undergo spatial tissue reorganization. The properly chosen 
biomaterial should allow the engineered tissue to maintain suf-
fi cient mechanical integrity to support itself in early develop-
ment, and in late development, it should have begun degradation 
so that it does not hinder further tissue growth.22 Three classes 
of biomaterials have been used for engineering tissues (Table 
98-2): naturally derived materials (e.g., collagen and alginate), 
acellular tissue matrices (e.g., bladder submucosa, small intesti-
nal submucosa), and synthetic polymers such as polyglycolic acid 
(PGA), polylactic acid (PLA), and poly(lactic-co-glycolic acid) 
(PLGA). These classes of biomaterials have been tested in terms 
of their biocompatibility.26,27 Naturally derived materials and 
acellular tissue matrices have the potential advantage of biologic 
recognition. However, synthetic polymers can be produced on a 
large scale with controlled properties of strength, degradation 
rate, and microstructure.

Table 98-2 Classes of Biomaterials

Class Example

Naturally Derived Materials Collagen and Alginate

Acellular tissue matrices Bladder submucosa or small 
intestinal submucosa

Synthetic polymers Polyglycolic acid (PGA), 
polylactic acid (PLA), and 
poly(lactic-co-glycolic acid) 
(PLGA)
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Naturally Derived Materials

Collagen is the most abundant and ubiquitous structural protein 
in the body, and it can be readily purifi ed from animal and 
human tissues with an enzyme treatment and salt or acid extrac-
tion.28 Collagen implants degrade through a sequential attack by 
lysosomal enzymes. The in vivo resorption rate can be regulated 
by controlling the density of the implant and the extent of inter-
molecular cross-linking. The lower the density, the greater the 
interstitial space and the larger the pores for cell infi ltration, 
leading to a higher rate of implant degradation. Collagen con-
tains cell-adhesion domain sequences (e.g., RGD) that may assist 
to retain the phenotype and activity of many types of cells, includ-
ing fi broblasts29 and chondrocytes.30

Alginate, a polysaccharide isolated from seaweed, has been used 
as an injectable cell-delivery vehicle31 and a cell-immobilization 
matrix32 because of its gentle gelling properties in the presence 
of divalent ions such as calcium. Alginate is relatively biocompa-
tible, and it is approved by the U.S. Food and Drug Administra-
tion (FDA) for human use as material to dress wounds. Alginate 
is a family of copolymers of d-mannuronate and l-guluronate. 
The physical and mechanical properties of alginate gel are strongly 
correlated with the proportion and length of polyguluronate block 
in the alginate chains.31

Acellular Tissue Matrices

Acellular tissue matrices are collagen-rich matrices prepared by 
removing cellular components from tissues. The matrices are 
often prepared by mechanical and chemical manipulation of a 
segment of tissue.6-9 The matrices slowly degrade on implanta-
tion, and they are replaced and remodeled by ECM proteins 
synthesized and secreted by transplanted or ingrowing cells.

Synthetic Polymers

Polyesters of naturally occurring α-hydroxy acids, including 
PGA, PLA, and PLGA, are widely used in tissue engineering. 
These polymers have gained FDA approval for human use in a 
variety of applications, including sutures.33 The ester bonds in 
these polymers are hydrolytically labile, and the polymers degrade 
by nonenzymatic hydrolysis. The degradation products of PGA, 
PLA, and PLGA are nontoxic natural metabolites and are eventu-
ally eliminated from the body in the form of carbon dioxide and 
water.33 The degradation rate of these polymers can be tailored 
from several weeks to several years by altering crystalinity, initial 
molecular weight, and the copolymer ratio of lactic to glycolic 
acid. Because these polymers are thermoplastics, they can be 
easily formed into a three-dimensional scaffold with a desired 
microstructure, gross shape, and dimension by various methods, 
including molding, extrusion,34 solvent casting,35 phase-
separation techniques, and gas-foaming techniques.36 Many 
applications in tissue engineering require a scaffold with high 
porosity and ratio of surface area to volume. Other biodegrad-
able synthetic polymers, including poly-anhydrides and poly-
ortho-esters, can be used to fabricate scaffolds for tissue 
engineering with controlled properties.37

TISSUE ENGINEERING OF SPECIFIC STRUCTURES

Investigators around the world, including those at our institu-
tion, have been working toward the development of several cell 

types and tissues and organs for clinical application. In the fol-
lowing sections, we describe the engineering of tissues that may 
have an impact on the reconstructive strategies for urinary 
incontinence.

Urethra

The urethra consists of layers of longitudinal and circular smooth 
muscle. Weakening of the urethral muscle wall by compression 
damage during delivery or trauma can result in incontinence.2 
Various biomaterials without cells, such as PGA and acellular 
collagen-based matrices from small intestine and bladder, have 
been used in animal models for the regeneration of urethral 
tissue.6,38-42 Some of these biomaterials, such as acellular collagen 
matrices derived from bladder submucosa, have also been seeded 
with autologous cells for urethral reconstruction. Our institution 
has been able to replace tubularized urethral segments with cell-
seeded collagen matrices.

Acellular collagen matrices derived from bladder submucosa 
by our institution have been used experimentally and clinically. 
In animal studies, segments of the urethra were resected and 
replaced with acellular matrix grafts in an onlay fashion. Histo-
logic examination showed complete epithelialization and pro-
gressive vessel and muscle infi ltration, and the animals were able 
to void through the neo-urethras.6 These results were confi rmed 
in a clinical study of patients with hypospadias and urethral 
stricture disease.43 Decellularized cadaveric bladder submucosa 
was used as an onlay matrix for urethral repair in patients with 
stricture disease and hypospadias. Patent, functional neo-
urethras were confi rmed in these patients, with up to 7 years of 
follow-up. The use of an off-the-shelf matrix appears to be 
benefi cial for patients with abnormal urethral conditions, and it 
obviates the need for obtaining autologous grafts, decreasing 
operative time and eliminating donor site morbidity.

These techniques are not applicable for tubularized urethral 
repairs. The collagen matrices are able to replace urethral seg-
ments only when used in an onlay fashion. However, if a tubular-
ized repair is needed, the collagen matrices should be seeded with 
autologous cells to avoid the risk of stricture formation and poor 
tissue development.44,45 Tubularized collagen matrices seeded 
with autologous cells can be used successfully for urethra 
replacement.

Bladder

Gastrointestinal or colon segments are commonly used as tissues 
for bladder replacement or repair. However, both tissues are 
designed to absorb specifi c solutes, whereas bladder tissue func-
tions as a barrier to prevent resorption of waste products. Because 
of the problems encountered with the use of gastrointestinal seg-
ments, numerous investigators have attempted using alternative 
materials and tissues for bladder replacement or repair.

The success of cell transplantation strategies for bladder 
reconstruction depends on the ability to use donor tissue effi -
ciently and to provide the right conditions for long-term survival, 
differentiation, and growth. Urothelial and muscle cells can be 
expanded in vitro, seeded onto polymer scaffolds, and allowed to 
attach and form sheets of cells.46 These principles were applied in 
the creation of tissue-engineered bladders in an animal model 
that required a subtotal cystectomy with subsequent replacement 
with a tissue-engineered organ in beagle dogs.47 Urothelial and 
muscle cells were separately expanded from an autologous 
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bladder biopsy and seeded onto a bladder-shaped biodegradable 
polymer scaffold. The results from this study showed that it is 
possible to tissue engineer bladders that are anatomically and 
functionally normal. Clinical trials for the application of this 
technology are being conducted.

Vagina

Several pathologic conditions, including congenital malforma-
tions and malignancy, can adversely affect normal vaginal devel-
opment or anatomy. According to the hammock hypothesis, the 
vagina provides a fi rm backdrop for the urethra to rest against 
when the intra-abdominal pressure increases, preventing urinary 
leakage.

Vaginal reconstruction has been challenging because of the 
paucity of available native tissue. The feasibility of engineering 
vaginal tissue in vivo has been investigated.48 Vaginal epithelial 
and smooth muscle cells of female rabbits were harvested, 
grown, and expanded in culture. These cells were seeded onto 
biodegradable polymer scaffolds, and the cell-seeded constructs 
were then implanted into nude mice for up to 6 weeks. Immu-
nocytochemical, histologic, and Western blot analyses confi rmed 
the presence of vaginal tissue phenotypes. Electrical fi eld stimula-
tion studies in the tissue-engineered constructs showed similar 
functional properties to those of normal vaginal tissue. When 
these constructs were used for autologous total vaginal replace-
ment, patent vaginal structures were confi rmed in the tissue-
engineered specimens, whereas the non–cell-seeded structures 
were stenotic.49

Uterus

Congenital malformations of the uterus may have profound 
implications clinically. Patients with cloacal exstrophy and inter-
sex disorders may not have suffi cient uterine tissue for future 
reproduction. We investigated the possibility of engineering 
functional uterine tissue using autologous cells.50 Autologous 
rabbit uterine smooth muscle and epithelial cells were harvested 
and then grown and expanded in culture. These cells were seeded 
onto preconfi gured uterine-shaped biodegradable polymer scaf-
folds, which were used for subtotal uterine tissue replacement 
in the corresponding autologous animals. On retrieval 6 months 
after implantation, histological, immunocytochemical, and 
Western blot analyses confi rmed the presence of normal uterine 
tissue components. Biomechanical analyses and organ bath 
studies showed that the functional characteristics of these tissues 
were similar to those of normal uterine tissue. Breeding studies 
using these engineered uteri are being performed.

Additional Treatment Options

Bulking Agents
Injectable bulking agents can be endoscopically placed in the 
treatment of urinary stress incontinence. The advantages in treat-
ing urinary incontinence with this minimally invasive approach 
include the simplicity of a quick outpatient procedure and the 
low morbidity associated with it. Several investigators are seeking 
alternative implant materials that would be safe for human 
use.51

The ideal substance for the endoscopic treatment of inconti-
nence should be injectable, nonantigenic, nonmigratory, volume 

stable, and safe for human use. Toward this goal, long-term 
studies were conducted to determine the effect of injectable 
chondrocytes in vivo.52 It was initially determined that alginate, 
a liquid solution of gluronic and mannuronic acid, embedded 
with chondrocytes could serve as a synthetic substrate for the 
injectable delivery and maintenance of cartilage architecture in 
vivo. Alginate undergoes hydrolytic biodegradation, and its deg-
radation time can be varied depending on the concentration of 
each of the polysaccharides. The use of autologous cartilage for 
the treatment of stress urinary incontinence in humans would 
satisfy all the requirements for an ideal injectable substance.

Chondrocytes derived from an ear biopsy can be readily grown 
and expanded in culture. Neocartilage formation can be achieved 
in vitro and in vivo using chondrocytes cultured on synthetic 
biodegradable polymers. In these experiments, the cartilage 
matrix replaced the alginate as the polysaccharide polymer 
underwent biodegradation. This system was adapted for the 
treatment of vesicoureteral refl ux in a porcine model.53

Patients with urinary incontinence were treated endoscopi-
cally with injected chondrocytes at three different medical centers. 
Phase I trials showed an approximate success rate of 80% at 
follow-up 3 and 12 months postoperatively.54 These studies 
showed that chondrocytes can be easily harvested and combined 
with alginate in vitro, the suspension can be easily injected cys-
toscopically, and the elastic cartilage tissue formed is able to 
correct urinary stress incontinence.

Restoration of Functional Urinary Sphincter Muscle
The pelvic diaphragm prevents urinary incontinence by provid-
ing resting urethral tone by means of slow-twitch fi bers and rapid 
refectory contraction by means of fast-twitch fi bers if the abdom-
inal pressure rises. The external striated urethral sphincter is 
mostly responsible for preventing stress urinary incontinence. 
The use of injectable cultured myoblasts (i.e., muscle precursor 
cells) for the treatment of stress urinary incontinence has been 
investigated, and it has the potential to become the fi rst treatment 
to restore sphincter muscle function.55,56 Labeled myoblasts were 
directly injected into the proximal urethra and lateral bladder 
walls of nude mice with a microsyringe in an open surgical 
procedure. Tissue harvested up to 35 days after injection con-
tained the labeled myoblasts and had evidence of differentiation 
of the labeled myoblasts into regenerative myofi bers. The study 
authors reported that a signifi cant portion of the injected myo-
blast population persisted in vivo. Myoblasts were further inves-
tigated using sciatic nerve–transected rats, which showed a 
signifi cant improvement of the fast-twitch muscle contraction 
amplitude 2 weeks after myoblast injection.57 The study authors 
report a minimal infl ammation response with a low number of 
CD4-activated lymphocytes at the injection site, confi rming the 
immunologic acceptance of the autologous cells. A subsequent 
study showed a signifi cant improvement in leak point pressure 
when the sciatic nerve–transected rats where treated with myo-
blast injections.58

The fact that myoblasts (Fig. 98-1) can be labeled, survive after 
injection, and begin the process of myogenic differentiation 
further supports the feasibility of using cultured cells of muscular 
origin as an injectable bioimplant. The use of injectable muscle 
precursor cells has also been investigated for use in the treatment 
of urinary incontinence due to irreversible urethral sphincter 
injury or maldevelopment. Muscle precursor cells are the quies-
cent satellite cells found in each myofi ber that proliferate to form 
myoblasts and eventually form myotubes and new muscle tissue. 
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Intrinsic muscle precursor cells have previously been shown to 
play an active role in the regeneration of injured striated urethral 
sphincter.59 In a subsequent study, autologous muscle precursor 
cells were injected into a rat model of urethral sphincter injury, 
and replacement of mature myotubes and restoration of func-
tional motor units were confi rmed in the regenerating sphinc-
teric muscle tissue (Fig. 98-2).60 The urethral sphincter contraction 
force was measured 5 and 30 days after injection and showed a 
signifi cant improvement for the group with the muscle precursor 
cell injection (Fig. 98-3). This is the fi rst demonstration of the 
replacement of sphincter muscle tissue and its innervation by the 
injection of muscle precursor cells. The innervation is crucial for 
muscle contraction, for activation of the satellite cells,61 and for 
the maturation of the regenerated myotubes.62

Preclinical trials for the application of this technology are 
being conducted in large animals. Sphincter-derived muscle cells 
have been used for the treatment of urinary incontinence in a pig 
model.63 The damaged sphincter was visualized by transurethral 
ultrasound, and the muscle precursor cells and fi broblasts were 
injected into the damaged zone. Our institution is performing a 
preclinical study in dogs. Animals that received a muscle precur-
sor cell injection after damage to the sphincter showed a signifi -
cant improvement in leak point and sphincter pressure compared 
with controls.

In summary, these results are promising, and the fi rst clinical 
trials are within reach. Muscle precursor cells may be a minimally 
invasive solution for urinary incontinence in patients with irre-
versible urinary sphincter muscle insuffi ciency.

Figure 98-1 Characterization of the muscle precursor cells (i.e., satellite cells) obtained using the myofi ber explant culture technique. 
A, Aspect of a single myofi ber of the fl exor brevis muscle immediately after isolation. B, After 2 days in culture, satellite cells are detached 
from the native myofi bers. C, Immunofl uorescence staining showed that the activated satellite cells emerging from the myofi bers were 
desmin positive (red, Texas red stain). The nuclei are counterstained (blue) with 4’,6-diamidino-2-phenylindole (DAPI). D, On day 7, satellite 
cells had proliferated around the native myofi bers (arrows) and started to fuse into myotubes. E, On day 15, mature myotubes expressing 
α-actinin-2 were present. F, The muscle precursor cells expressing β-galactosidase formed myotubes (blue) with the X-Gal staining on day 
15 (magnifi cation ×100). (Courtesy of Anthony Atala, MD, Wake Forest Institute for Regenerative Medicine, Winston Salem, NC.)
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ALTERNATE CELL SOURCES: STEM CELLS AND 
NUCLEAR TRANSFER

Human embryonic stem cells exhibit two remarkable properties: 
the ability to proliferate in an undifferentiated but pluripotent 
state (i.e., self-renewal) and the ability to differentiate into many 
specialized cell types.64 They can be isolated by immunosurgery 

from the inner cell mass of the embryo during the blastocyst stage 
(5 days after fertilization), and they are usually grown on feeder 
layers consisting of mouse embryonic fi broblasts or human 
feeder cells.65 Later reports showed that these cells could be grown 
without the use of a feeder layer,66 thereby avoiding exposure of 
the human cells to mouse viruses and proteins. These cells have 
demonstrated longevity in culture by maintaining their undif-
ferentiated state for at least 80 passages when grown using current 
protocols.67,68 

Human embryonic stem cells have been shown to differentiate 
into cells from all three embryonic germ layers in vitro. Skin and 
neurons have been formed, indicating ectodermal differentia-
tion.69-72 Blood, cardiac cells, cartilage, endothelial cells, and 
muscle have been formed, indicating mesodermal differentia-
tion.73-75 Pancreatic cells have been formed, indicating endoder-
mal differentiation.76 As further evidence of their pluripotency, 
embryonic stem cells can form embryoid bodies, which are cell 
aggregations that contain all three embryonic germ layers while 
in culture, and they can form teratomas in vivo.77

Although there has been tremendous interest in the fi eld of 
nuclear cloning since the birth of Dolly in 1997, the fi rst success-
ful nuclear transfer was reported more than 50 years ago by 
Briggs and King.78 Cloned frogs, which were the fi rst vertebrates 
derived from nuclear transfer, were subsequently reported by 
Gurdon in 1962,79 but the nuclei were derived from nonadult 
sources. Since 2000, tremendous advances in nuclear cloning 
technology have been reported, indicating the relative immatu-
rity of the fi eld. Dolly was not the fi rst cloned mammal to be 
produced from adult cells; live lambs were produced in 1996 
using nuclear transfer and differentiated epithelial cells derived 
from embryonic discs.80 The signifi cance of Dolly was that she 
was the fi rst mammal to be derived from an adult somatic cell 
using nuclear transfer.81 Since then, animals from several species, 
including cattle,82 goats,83,84 mice,85 and pigs,86-89 have been grown 
using nuclear transfer technology.

Two types of nuclear cloning—reproductive cloning and 
therapeutic cloning—have been described, and a better under-
standing of the differences between the two types may help to 

Figure 98-2 Muscle formation after injection of muscle precursor cells (MPCs). Aspect of the urethral sphincter stained with X-Gal solution 
on day 5 (A) and day 30 (B) after autograft of β-galactosidase–expressing MPCs. On day 5, numerous β-galactosidase–expressing cells were 
found in the injured side. On day 30, they had migrated toward each boundary of the injured side and had formed myotubes. (Courtesy of 
Anthony Atala, MD, Wake Forest Institute for Regenerative Medicine, Winston Salem, NC.)

Figure 98-3 Comparison of urethral sphincter contraction force 
within each group at different times. The urine leak point pressure 
was measured with (p2) and without (p1) electrical stimulation of 
the striated urethral sphincter. The graph shows the difference 
(p2 − p1 in cm H2O), refl ecting the maximal bladder pressure that 
the urethral sphincter can sustain. Signifi cant differences between 
normal and injured sphincters were seen at all times (P = .0001) 
and between injured groups with and without injection of muscle 
precursor cells on day 30 (P = .0028). The difference between the 
two injured groups was not signifi cant on day 5 (P = .3817). 
(Courtesy of Anthony Atala, MD, Wake Forest Institute for 
Regenerative Medicine, Winston Salem, NC.)
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alleviate some of the controversy that surrounds these tech-
nologies,90,91 Banned in most countries for human applications, 
reproductive cloning is used to generate an embryo that has genetic 
material identical to that of its cell source. This embryo can be 
implanted into a uterus to give rise to an infant that is a clone of 
the donor. Therapeutic cloning is used to generate early-stage 
embryos that are explanted in culture to produce embryonic stem 
cell lines whose genetic material is identical to that of its source. 
These autologous stem cells have the potential to become almost 
any type of cell in the adult body and are therefore useful in tissue 
and organ replacement applications.92 Therapeutic cloning, 
which has also been called somatic cell nuclear transfer, may 
provide an alternative source of transplantable cells.

According to data from the Centers for Disease Control and 
Prevention (CDC), an estimated 3000 Americans die every day 
of diseases that could have been treated with stem cell–derived 
tissues.93 With current allogeneic tissue transplantation proto-
cols, rejection is a frequent complication because of immuno-
logic incompatibility, and immunosuppressive drugs are usually 
administered to treat or prevent graft-versus-host disease.92 
The use of transplantable tissue and organs derived from thera-
peutic cloning may enable avoidance of immune responses that 
typically are associated with transplantation of non-autologous 
tissues.94

Although promising, somatic cell nuclear transfer technology 
has certain limitations that require further improvements 
before therapeutic cloning can be applied widely in replacement 
therapy. The effi ciency of the overall cloning process is low. 
Most embryos derived from animal cloning do not survive after 
implantation.95-97 In practical terms, many nuclear transfers must 
be performed to produce one live offspring for animal cloning 
applications. The potential for cloned embryos to grow into live 
offspring is between 0.5% to 18% for sheep, pigs, and mice.98 
However, greater success (80%) has been reported in cattle,99 
which in part may refl ect the availability of advanced bovine sup-
porting technologies, such as in vitro embryo production and 
embryo transfer, which have been developed for this species for 
agricultural purposes. To improve cloning effi ciency, further 
improvements are required in the many complex steps of nuclear 
transfer, such as enucleation and reconstruction, activation of 
oocytes, and cell cycle synchronization between donor cells and 
recipient oocytes.100

Common abnormalities have been found in newborn clones, 
including enlarged size with an enlarged placenta (i.e., large-
offspring syndrome),101 respiratory distress, and defects of the 
kidney, liver, heart, and brain.102 They are also affected by 
obesity103 and premature death.104 These problems may be related 
to the epigenetics of the cloned cells, which involve reversible 
modifi cations of the DNA or chromatin, whereas the original 
DNA (genetic) sequences remain intact. Faulty epigenetic 
reprogramming in clones, in which the DNA methylation 
patterns, histone modifi cations, and overall chromatin structure 
of the somatic nuclei are not being reprogrammed to an embry-
onic pattern of expression, may explain these abnormalities.97 
Reactivation of key embryonic genes at the blastocyst stage is 
usually not present in embryos cloned from somatic cells, 
whereas embryos cloned from embryos consistently express 
early embryonic genes.105,106 Proper epigenetic reprogramming 
to an embryonic state may help to improve the cloning effi ciency 
and reduce the incidence of abnormal cloned cells.

Nuclear transfer has the potential to be used for functional 
reconstruction of the urinary sphincter, especially when muscle 

biopsies are not suitable or will not yield a suffi cient amount 
of precursor cells. Decline of tissue regenerative potential is a 
hallmark of ageing, and several studies have shown the decline 
in muscle precursor cells with age.107,108 Because most patients 
with stress urinary incontinence are elderly women, nuclear 
transfer may offer a tool to overcome the donor problem.

We applied the principles of tissue engineering and ther-
apeutic cloning in an effort to produce genetically identical 
skeletal muscle tissue in a large animal model, the cow (Bos 
taurus).109 Bovine skin fi broblasts from adult Holstein steers 
were obtained by ear notch, and single donor cells were isolated 
and microinjected into the perivitelline space of donor enucle-
ated oocytes (i.e., nuclear transfer). The resulting blastocysts 
were implanted into progestin-synchronized recipients to allow 
further in vivo growth. After 12 weeks, cloned cells were har-
vested, expanded in vitro, and seeded onto biodegradable 
scaffolds. The constructs, which consisted of the cloned muscle 
cells and the scaffolds, were then implanted into the subcutane-
ous space of the same steer from which the cells were cloned to 
allow tissue growth, and they were retrieved 12 weeks after 
implantation. The cloned skeletal explants showed spatially ori-
entated tissue bundles with elongated multinuclear muscle fi bers. 
The skeletal muscle was further identifi ed by immunohistochem-
istry staining that was positive for sarcomeric tropomyosin and 
by Western blot using antibodies against desmin and myosin. 
Histologic analysis found extensive vascularization and little 
infl ammation.

Because previous studies have shown that bovine clones 
harbor the oocyte mitochondrial DNA,110-112 the donor egg’s 
mitochondrial DNA (mtDNA) was thought to be a potential 
source of immunologic incompatibility. Differences in mtDNA-
encoded proteins expressed by cloned cells may stimulate a T-cell 
response specifi c for mtDNA-encoded minor histocompatibility 
antigens when the cloned cells are implanted back into the origi-
nal nuclear donor.113 We used nucleotide sequencing of the 
mtDNA genomes of the clone and fi broblast nuclear donor to 
identify potential antigens in the muscle constructs. Only two 
amino acid substitutions distinguished the clone and the nuclear 
donor, and as a result, a maximum of two minor histocompati-
bility antigens could be defi ned. Given the lack of knowledge 
regarding peptide-binding motifs for bovine major histocompat-
ibility complex class I molecules, there is no reliable method to 
predict the impact of these amino acid substitutions on bovine 
histocompatibility.

Oocyte-derived mtDNA was thought to be a potential 
source of immunologic incompatibility in the cloned renal cells. 
Maternally transmitted minor histocompatibility antigens in 
mice have been shown to stimulate skin allograft rejection in 
vivo and cytotoxic T-lymphocyte expansion in vitro113 that 
could prevent the use of these cloned constructs in patients 
with chronic rejection of major histocompatibility matched 
human renal transplants,114,115 We tested for a possible T-cell 
response to the cloned skeletal muscle using delayed-type hyper-
sensitivity testing in vivo and Elispot analysis of interferon-
γ– secreting T cells in vitro. Both analyses revealed that the cloned 
muscle cells showed no evidence of a T-cell response, suggesting 
that rejection will not necessarily occur in the presence of oocyte-
derived mtDNA. This fi nding may represent a step forward in 
overcoming the histocompatibility problem of stem cell 
therapy.116

These studies demonstrated that cells derived from nuclear 
transfer can be successfully harvested, expanded in culture, and 
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transplanted in vivo with the use of biodegradable scaffolds on 
which the single suspended cells can organize into tissue struc-
tures that are genetically identical to that of the host. These 
studies were the fi rst demonstration of the use of therapeutic 
cloning for regeneration of tissues in vivo.

CONCLUSIONS

Regenerative medicine techniques are being employed experi-
mentally for virtually every type of tissue and organ in the human 

body. Because regenerative medicine incorporates the fi elds of 
tissue engineering, cell biology, nuclear transfer, and materials 
science, personnel who have mastered the techniques of cell 
harvest, culture, expansion, transplantation, and polymer design 
are essential for the successful application of these technologies. 
Various tissues are at different stages of development, with some 
already being used clinically, a few in preclinical trials, and some 
in the discovery stage. Recent progress suggests that engineered 
tissues may have expanded clinical applicability in the future and 
may represent a viable therapeutic option for those who require 
tissue replacement or repair.
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Chapter 99

VAGINOPLASTY—CONSTRUCTION OF 
NEOVAGINA
Malcolm A. Lesavoy

Reconstruction of the female perineum is indicated for congeni-
tal absence of the vagina, lymphedema, vaginal defects, previous 
ablative surgery for various perineal malignancies, relief of pain 
after radiation therapy, and repair of labial hypertrophy. Vaginal 
reconstruction has become a standard procedure performed by 
plastic surgeons, gynecologists, and urologists. The most common 
indication for vaginal reconstruction is congenital absence of the 
vagina.

In general, the results of vaginal reconstruction are satisfac-
tory. However, problems may include inadequate genital wound 
coverage because of foreshortened graft or fl ap harvest, fecal 
contamination if preoperative bowel preparation has not been 
adequate, adjacent urethral injuries during dissection of the new 
vaginal pocket, and diffi cult immobilization of the patient in the 
postoperative period.

Counseller1 reported that congenital absence of the vagina 
occurs in approximately 1 of every 4000 births and that these 
abnormalities usually coexist with uterus and urinary tract abnor-
malities. Usually, the ovaries are not affected, and the secondary 
sex characteristics develop normally. Embryologically, because 
the cervix and vagina initially form a solid unit, the lack of cavita-
tion and cell death needed to form a vagina is the reason for 
vaginal agenesis.1 However, the hormonal factors that stimulate 
cavitation are unknown.

Patients with labial hypertrophy undergo labioplasty for func-
tional, aesthetic, and social reasons. Hypertrophy of the labia 
minor or labia majora may be congenital or acquired. Patients 
with this condition may experience infl ammation, poor hygiene, 
and self-consciousness during sexual activity and when wearing 
tight pants. Reduction of the labia minora or labia majora is a 
relatively minor outpatient procedure that yields satisfactory 
results for many patients.

VAGINAL RECONSTRUCTION

History

In 1573, a student of Vesalius, Realdus Colombus, fi rst reported 
vaginal agenesis, and it was not until 1872 that Heppner described 
vaginal reconstruction using the labia.2 However, the landmark 
report for vaginal reconstruction is credited to Abbe in 1898.3 In 
one patient, Abbe described dissecting a canal and lining it with 
split-thickness skin grafts.

These skin grafts were placed over a rubber stent packed with 
gauze. After 10 days, the stent was removed, and the skin grafts 
were completely vascularized. The patient was asked to wear a 
vaginal conformer postoperatively, and evidently, intercourse 
was possible. However, Abbe’s report was lost for almost 40 years, 
until McIndoe4 popularized the Abbe technique by lining the new 

vaginal canal with partial-thickness skin grafts. McIndoe reported 
an impressive array of 63 repairs,5 and in 1948, Counseller 
reported 70.1 Other methods of vaginal reconstruction have been 
attempted, but most have had undesirable effects, especially 
when segments of the gastrointestinal tract have been used for 
lining the new vaginal canal. In 1953, Conway and Stark6 described 
use of the rectum; earlier, Sneguireff,7 Popow,8 and Schubert9 had 
described the same thing. In 1904, Baldwin10 even described 
using a loop of ileum. However, obvious diffi culties with bowel 
transposition such as necrosis, infection, and abscess formation 
occurred. If the procedure was successful, the secretions arising 
from the bowel lining were mostly inappropriate and unwanted. 
The added morbidity of an intra-abdominal procedure, various 
bowel anastomoses, the possibility of vascular compromise, and 
undesired mucosal secretions account for the lack of popularity 
of these procedures.

The Frank procedure, a nonoperative technique, has been 
successful in some instances of incomplete vaginal atresia. In 
1927, Frank and Geist11 demonstrated the use of intermittent 
pressure at the perineal dimple between the anus and the urethra 
in the normal location of the vagina. This pressure is applied 
until the patient feels mild discomfort by a series of graduated 
obturators in the form of increasing sizes of test tubes. The pres-
sure is relieved and then reapplied. The skin is inwardly stretched 
in the same way that a skin expander works with an outward 
force. This process continues for weeks until the largest dilator 
can be introduced within the neovagina and worn comfortably. 
This procedure requires a very compliant and persistent patient 
and an anatomy that is consistent with incomplete vaginal 
agenesis. The skin lining the new vagina is cutaneous squamous 
epithelium, and it must be lubricated externally to allow 
intercourse.

Surgical Techniques

Abbe-McIndoe Procedure
Over the years, the Abbe-McIndoe procedure evolved to become 
the easiest and most successful method of vaginal reconstruction, 
avoiding the risks and disadvantages of laparotomy (Figs. 99-1 
and 99-2). The procedure must be performed under general or 
spinal anesthesia. A Y-shaped incision is made along the median 
raphe between the urethra and the anus. A catheter is placed in 
the urethra, and dissection is carried cephaloposteriorly. This 
dissection can be done relatively bluntly, and safety is ensured by 
keeping a gloved fi nger in the rectum for tactile ease of dissection. 
The Y incision allows three cutaneous fl aps to be enfolded into 
the vaginal canal so that circumferential scar contraction can be 
avoided. The depth of dissection should be somewhat exagger-
ated and is in the range of 10 to 14 cm in the adult. The surgeon 
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must overcorrect somewhat because of the expected subsequent 
contraction (Fig. 99-3).

After the vaginal canal has been bluntly dissected, a partial-
thickness skin graft is harvested from the buttock-hip area. The 
surgeon must keep in mind the subsequent scar that will ensue 
from this partial-thickness skin graft and therefore should avoid 
harvesting the graft from an area low on the thigh. The skin graft 
can be taken with any type of dermatome, and two or three sheets 
of skin may be needed to achieve a total dimension of approxi-
mately 14 × 7 cm.

Several techniques have been developed to apply the skin graft 
to the vaginal canal. Historically, candle wax, carved balsa wood, 
gauze packing, syringe casing, dental wax, and hard plastic con-
formers have been used. The Heyer-Schulte Company has pro-
duced a soft, pliable, and expandable vaginal conformer that 
works very well. This stent has a central semirigid foam core and 
a surrounding silicone envelope that can be expanded with air or 
saline (Fig. 99-4). There is a central drain site through the core 
of the stent. After the graft has been harvested, the vaginal stent 
should be infl ated with air and lubricated with mineral oil.

The skin graft sheets are sutured to each other and placed over 
the stent with the raw dermal sides out (Fig. 99-5). The epidermal 
side of the skin is adjacent to the stent. Subsequently, hemostasis 
is checked in the neovaginal canal, and the stent and overlying 
skin grafts are eased into the canal (Fig. 99-6). It may be necessary 
to defl ate the vaginal stent while slowly rotating and pushing the 
stent and skin graft into the vaginal canal, but after the stent is 

seated to the depth of the dissection, it should again be infl ated 
to spread out the skin graft, ensure direct apposition to the raw 
walls, and provide an excellent bolster for the ensuing neovascu-
larization of the skin graft.

The fl aps from the Y incision are sutured to the superfi cial 
ends of the skin graft in a tacking fashion with absorbable sutures. 
Fluff gauze is then packed around the perineum under compres-
sion, and the labia majora are sutured to each other to ensure 
that the stent does not slide out of the canal.

Postoperatively, the patient remains in bed for a minimum of 
5 days and is medically constipated (a lower bowel preparation 
is required preoperatively). On the fi fth or sixth postoperative 
day, the patient is sedated in bed, and the labial sutures are 
removed. The skin graft can then be checked by aspirating the 
outer lumen of the Heyer-Schulte vaginal stent and defl ating it, 
gently removing the stent, and leaving the skin graft intact within 
the vaginal vault. If there is any diffi culty with this maneuver, 
mineral oil can be injected between the stent and the skin graft 
using a soft rubber catheter. This lubricates the interface between 
the stent and the skin graft so that disruption and shearing of the 
skin graft are avoided when the stent is removed. The perineum 
can be cleansed, and the stent can be washed and replaced imme-
diately. Subsequently, a perineal binder can be applied, and the 

Figure 99-1 Congenital vaginal aplasia with an enlarged urethral 
meatus below the clitoris. (From Lesavoy MA, Carter EJ: Vaginal 
reconstruction. In Raz S [ed]: Female Urology, 2nd ed. Philadelphia, 
WB Saunders, 1996, pp 605-616.)

Figure 99-2 Sutures holding the labia majora. (From Lesavoy MA, 
Carter EJ: Vaginal reconstruction. In Raz S [ed]: Female Urology, 
2nd ed. Philadelphia, WB Saunders, 1996, pp 605-616.)
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patient can be allowed to ambulate; the constipating medicine is 
then discontinued.

The vaginal stent is checked every other day, and the patient 
is usually discharged on the seventh or eighth postoperative day. 
The patient should be fully aware of the mechanics of the stent 
so that she can remove, wash, and reintroduce the stent daily 
while at home.

After vaginal reconstruction, a conformer must be worn for a 
minimum of 6 months postoperatively. If this is not done, con-
traction of the vaginal vault will ensue. After 3 or 4 months, as 

the skin graft matures, vaginal intercourse should be encouraged. 
This procedure should not be done unless intercourse is antici-
pated. Intercourse provides an excellent obturator and con-
former. After 6 months, the conformer can be eliminated during 
the day but should be worn at night. If the patient is active 

Figure 99-3 Catheter in the urethra and dissection of the 
neovaginal canal. (From Lesavoy MA, Carter EJ: Vaginal 
reconstruction. In Raz S [ed]: Female Urology, 2nd ed. Philadelphia, 
WB Saunders, 1996, pp 605-616.)

Figure 99-4 Heyer-Schulte infl atable vaginal stent. (From Lesavoy 
MA, Carter EJ: Vaginal reconstruction. In Raz S [ed]: Female 
Urology, 2nd ed. Philadelphia, WB Saunders, 1996, pp 605-616.)

Figure 99-5 Split-thickness skin graft sutured around the vaginal 
stent, with the epithelial side inward next to the stent and the raw 
side out. (From Lesavoy MA, Carter EJ: Vaginal reconstruction. In 
Raz S [ed]: Female Urology, 2nd ed. Philadelphia, WB Saunders, 
1996, pp 605-616.)

Figure 99-6 Vaginal stent with the skin graft invaginated into 
the neovaginal canal. (From Lesavoy MA, Carter EJ: Vaginal 
reconstruction. In Raz S [ed]: Female Urology, 2nd ed. Philadelphia, 
WB Saunders, 1996, pp 605-616.)
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sexually and has intercourse two to three times per week, the 
conformer can be eliminated. However, if there is a time when 
intercourse is not anticipated for weeks or months, the con-
former should be worn at night (Figs. 99-7 to 99-10). Because the 
skin grafts do not have the same properties as normal vaginal 
mucosa and do not have secretory abilities, most patients require 
the application of lubricants before intercourse.30,31

Full-Thickness Skin Grafts
Full-thickness skin grafts are important for certain types of 
vaginal reconstruction, such as for vaginal aplasia, vaginal steno-
sis, intersex conditions, and iatrogenic disease. One advantage of 
these grafts is that they allow reconstruction at an earlier age (any 
time after puberty), providing psychological reassurance as the 
child develops that she is normal. They also reduce postoperative 
stenting time and minimize vaginal stenosis by decreasing post-
operative vaginal contraction. They improve the cosmesis of the 
donor site, and a full-thickness skin graft grows with the body 
proportionately.12,13 Inguinal donor sites are used for full-
thickness skin grafts, and the donor site closure occurs 
primarily.

Flaps
Vulvobulbocavernosus Myocutaneous Flap
The vulvobulbocavernosus myocutaneous fl ap was described by 
Knapstein and colleagues14 in 1990. This fl ap is based on the skin 
fat and underlying vulvobulbocavernosus erectile muscle tissue, 
and it is useful because of the low axis of the fl ap. It is not easily 
used for transfer into the upper pelvis, but it is best for recon-
struction of the vagina after a pelvic exenteration that removes 
the perineal body and the anus (i.e., a lower pelvic defect). This 

Figure 99-7 A photograph taken 3 months postoperatively shows 
the normal-looking vulva and the size of the speculum that can be 
inserted into the vagina. (From Lesavoy MA, Carter EJ: Vaginal 
reconstruction. In Raz S [ed]: Female Urology, 2nd ed. Philadelphia, 
WB Saunders, 1996, pp 605-616.)

Figure 99-8 Discrepancy in the skin graft color of the neovagina. 
(From Lesavoy MA, Carter EJ: Vaginal reconstruction. In Raz S [ed]: 
Female Urology, 2nd ed. Philadelphia, WB Saunders, 1996, 
pp 605-616.)

Figure 99-9 Depth of the neovagina as seen through the plastic 
speculum. (From Lesavoy MA, Carter EJ: Vaginal reconstruction. In 
Raz S [ed]: Female Urology, 2nd ed. Philadelphia, WB Saunders, 
1996, pp 605-616.)
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is a relatively new procedure and should be considered for 
patients with anterior or total exenteration with low rectal 
anastomosis.

The vulvobulbocavernosus myocutaneous fl ap usually is not 
large enough to form a complete vaginal canal. The anterior 
edges of the fl ap are sewn together to form the anterior margins 
of the newly formed vaginal cylinder. Its disadvantage is the 
retention of vulvar hair, which results in vaginal discharge and a 
strong odor. The blood and nerve supply comes from the 
pudendals.15

Gracilis Myocutaneous Flaps
The gracilis muscle is the most common fl ap used after pelvic 
exenteration for vaginal reconstruction.l6,17 After pelvic exentera-
tion. an abdominoperineal resection, or vaginal irradiation (Fig. 
99-11), the patient is usually left with a large vaginal defect. Use 
of a gracilis island myocutaneous fl ap can enhance vaginal recon-
struction. It also provides adequate vaginal length and is an 
expendable muscle for the most part.

The gracilis myocutaneous fl ap provides suffi cient bulk to fi ll 
the empty pelvic space and simultaneously brings its own blood 
supply, leading to a softness and pliability not achievable with 
skin graft techniques. The disadvantage of the gracilis may include 
a loss of approximately 10% to 20% of the fl ap due to vascular 
compromise of the fl ap resulting from potential tension of its 
small-caliber vascular pedicle when transposed into the pelvic 
defect. Residual scarring on the legs is commonly a source of 
minor complaints.18-20

The principle of employing muscle with its overlying skin, 
vascularized by the muscular perforators, has been well docu-
mented in the plastic and reconstructive surgical literature by 
Owens (1955),21 Bakamjian (1963),22 Hueston and McConchie 
(1968),23 and McCraw and colleagues (1976).24 McCraw and 
associates were the fi rst to describe the principle of the skin island 
over the muscle unit, and this principle is applicable to vaginal 
reconstruction. McCraw’s paper on vaginal reconstruction was 
one of the landmark works in the plastic surgery literature, and 
the fi ndings revived the use of myocutaneous fl aps.

The operation begins with the patient in the lithotomy 
position (Fig. 99-12). Unilateral or bilateral island gracilis 

myocutaneous fl aps are harvested (Fig. 99-13) based on their 
superior neurovascular pedicles (Fig. 99-14). The fl ap can then 
be tunneled (Fig. 99-15) under intact perineal skin (Fig. 99-16) 
and invaginated into the neovaginal canal. A conformer is 
not needed, and the donor sites are closed in a linear fashion 
with primary approximation along the medial thigh area (see 
Fig. 99-15).

Figure 99-10 Donor site on the right buttock. (From Lesavoy MA, 
Carter EJ: Vaginal reconstruction. In Raz S [ed]: Female Urology, 
2nd ed. Philadelphia, WB Saunders, 1996, pp 605-616.)

Figure 99-11 A patient with radiation vaginitis had severe pain, 
drainage, fi brosis, and contraction. (From Lesavoy MA, Carter EJ: 
Vaginal reconstruction. In Raz S [ed]: Female Urology, 2nd ed. 
Philadelphia, WB Saunders, 1996, pp 605-616.)

Figure 99-12 After excision of radiation-damaged tissue and a pack 
in the vaginal vault, a 13 × 8 cm gracilis myocutaneous island fl ap 
is outlined on the left medial thigh. (From Lesavoy MA, Carter EJ: 
Vaginal reconstruction. In Raz S [ed]: Female Urology, 2nd ed. 
Philadelphia, WB Saunders, 1996, pp 605-616.)
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A unilateral gracilis myocutaneous fl ap may be used for radia-
tion contracture and pain of the vaginal vault (see Figs. 99-11 to 
99-17) Sensibility of the skin of the gracilis myocutaneous island 
is maintained through the sensory branches of the obturator 
nerve as described by Lesavoy and colleagues.25 However, sensi-
tivity of the transposed skin is not the same as that of a normal 
vagina. Sensitivity to pressure is excellent, but tactile sensitivity 
is diminished.26 Sexual sensitivity is mostly cerebral.

Rectus Abdominis Myocutaneous Flap
Because of its success in breast reconstruction, the rectus abdom-
inis myocutaneous fl ap can also be used for vaginal reconstruc-
tion. Its primary arterial blood supply is the inferior epigastric 
vessels. Two island fl aps can be harvested: the horizontally ori-
ented lower abdominal myocutaneous fl ap27 or the vertically ori-
ented upper abdominal myocutaneous fl ap.28 The transverse and 
vertical rectus abdominis myocutaneous fl aps, because of the 
extended length of their vascular pedicels, allow a high arc of 
rotation. The axis is determined by the vascular supply, and the 
fl ap is transferred intra-abdominally through the posterior rectus 

Figure 99-13 The gracilis muscle and island skin fl ap are isolated. 
(From Lesavoy MA, Carter EJ: Vaginal reconstruction. In Raz S [ed]: 
Female Urology, 2nd ed. Philadelphia, WB Saunders, 1996, 
pp 605-616.)

Figure 99-14 The undersurface of the gracilis myocutaneous island 
fl ap and its neurovascular bundle. (From Lesavoy MA, Carter EJ: 
Vaginal reconstruction. In Raz S [ed]: Female Urology, 2nd ed. 
Philadelphia, WB Saunders, 1996, pp 605-616.)

Figure 99-15 The fl ap is set into the vaginal defect. The donor site 
is closed primarily.

Figure 99-16 The myocutaneous island fl ap is transferred to 
subcutaneously to be inset. (From Lesavoy MA, Carter EJ: Vaginal 
reconstruction. In Raz S [ed]: Female Urology, 2nd ed. Philadelphia, 
WB Saunders, 1996, pp 605-616.)
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sheath. This need for laparotomy is a negative aspect of this 
procedure. A vertically oriented fl ap may be preferred when it is 
necessary to maintain an intact lower abdominal rectus muscle 
for exit sites of stomas on the contralateral side.

Among the many advantages of this fl ap are a very reliable 
blood supply19 and the ability to resurface a defect with a single 
fl ap. This fl ap also provides ease of mobilization without tension 
and is associated with a low incidence of vascular compromise.18,29 
In a series of 22 patients, there was little tissue loss and an accept-
able donor site, and return to sexual activity was possible for 80% 
of patients.28

After completion of the exenteration procedure, attention is 
directed toward harvesting the myocutaneous fl ap from the 
abdomen. Centered just to the left or right of the umbilicus, a 
transverse rectus abdominal myocutaneous (TRAM) fl ap is har-
vested measuring approximately 9 cm long by 12 cm wide. The 
fl ap should include skin, subcutaneous tissue, a strip of anterior 
rectus sheath, and the rectus muscle itself (see Fig. 99-17). The 
initial incision should commence at the lateral apex of the TRAM 
(which corresponds to the anterior axillary line) and should 
extend medially to include all of the abovementioned fl ap com-
ponents. The rectus muscle is identifi ed and carefully dissected 
laterally to the region of the deep inferior epigastric perforating 
vessels, with identifi cation of the inferior epigastric vascular 
pedicle at its origin on the external iliac vessels. This ensures 
adequate fl ap mobilization when the fl ap is isolated. At this point, 
the superior and inferior margins of the rectus muscle are divided 
(Fig. 99-18). A vaginal tube is formed from the fl ap by means of 
continuous and interrupted sutures to approximate the superior 
and inferior margins of skin and muscle with the raw side out 
(Fig. 99-19).

The manually formed vaginal cone is then mobilized and 
transferred through the posterior rectus sheath after a laparot-

omy incision is made through the peritoneum at the origin of 
the deep inferior epigastric vessels into the pelvis to reach the 
vaginal defect (Fig. 99-20). The lateral-most portion of the fl ap 
becomes the apex of the vagina. Care must be taken when placing 
the fl ap to ensure that no tension is placed on the vascular pedicle. 
The neovagina is then attached to the introitus with interrupted 

Discard

Discard

9 cm
12 cm

Figure 99-17 Harvesting of right rectus abdominis myocutaneous 
fl ap for vaginal reconstruction.

Figure 99-18 The fl ap is mobilized and formed into a tube. (From 
Lesavoy MA, Carter EJ: Vaginal reconstruction. In Raz S [ed]: 
Female Urology, 2nd ed. Philadelphia, WB Saunders, 1996, 
pp 605-616.)

Figure 99-19 The mobilized myocutaneous fl ap is sutured together 
to form a blind tube of suffi cient length and diameter to serve as a 
functional vagina. It is then transferred through the posterior rectus 
sheath to reach the vaginal defect. (From Lesavoy MA, Carter EJ: 
Vaginal reconstruction. In Raz S [ed]: Female Urology, 2nd ed. 
Philadelphia, WB Saunders, 1996, pp 605-616.)
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sutures (Fig. 99-21).15,18 An estrogen cream is spread on the mold, 
which is placed in the vagina and sutured in place.18 On day 5, 
the mold is removed, and a vaginal dilator is worn three times 
per week for 3 months in conjunction with the application of 
estrogen cream.18

The initial procedure is concluded with primary closure of the 
fascial defect with interrupted or continuous permanent sutures. 
The closure of subcutaneous tissue after a horizontal (TRAM) 
harvest is best achieved with the patient in a 30-degree, semi-
Fowler position to assist with approximation. A subcutaneous 
drain is placed beneath the mobilized skin fl aps and is external-
ized through a separate incision.

It is advisable postoperatively to maintain strict bed rest for 
48 hours. The hips are fl exed 30 degrees to decrease abdominal 
wall fascial tension at the repair site. The vertical rectus abdomi-
nis myocutaneous (VRAM) fl ap has all the advantages of the 
TRAM fl ap, but it leaves a single para-midline scar at closure 
rather than the additional horizontal lateral scar.

Intestinal Flaps
Other methods of vaginal reconstruction, such as fl aps of small 
intestine, ascending colon, sigmoid colon, and sigmoid and lower 
rectum, are briefl y described because they have been used with 
various degrees of success for vaginal reconstruction. The patient 
requires hospitalization 2 days before the operation to allow time 
to prepare and sterilize the bowel adequately.

With the patient in the lithotomy position, a vaginal tract is 
dissected from the perineum into the peritoneum, and the tract 
is widened laterally. When hemostasis is satisfactory, the vaginal 

tract is packed and the abdomen opened. The sigmoid usually is 
mobile enough to allow a satisfactory vascular pedicle to be devel-
oped. With proper planning, an adequate length of intestine (12 
to 15 cm) can be isolated, an oblique end-to-end anastomosis is 
performed, and the bowel segment is drawn through the vaginal 
tract. The patient is returned to a lithotomy position. The end of 
the bowel is incised on an angle to gain additional room, and it 
is then attached to the introitus.

Advantages of the intestinal neovagina include the absence of 
a need for frequent dilatation or stent wearing. However, the 
disadvantages include excessive mucus formation, especially 
when the small intestine is used, and a mortality rate between 1% 
and 2%.12

Summary of Vaginal Reconstruction

Vaginal reconstruction can be an uncomplicated and straightfor-
ward procedure when attention to detail is maintained.30,31 The 
Abbe-McIndoe procedure of lining the neovaginal canal with 
split-thickness skin grafts has become the standard. Use of the 
infl atable Heyer-Schulte vaginal stent provides comfort for the 
patient and ease for the surgeon in maintaining skin graft 
approximation.

For large vaginal and perineal defects, myocutaneous fl aps 
such as the gracilis island fl ap have been extremely useful for 
correction of radiation-damaged tissue to the perineum and for 
the reconstruction of large ablative defects. Minimal morbidity 
and scarring ensue because the donor site can be closed 
primarily.

The gracilis has suffi cient bulk to fi ll the pelvis, decreasing 
the incidence of herniation or obstruction. It also provides 
vaginal length, is an expendable muscle, and generally is out 
of the irradiated fi eld. Limitations may be its 10% to 20% 
incidence of vascular compromise due to the vessel’s small caliber, 
which results in tension as the fl ap is moved into the pelvic 
defect.

The TRAM fl ap is used to form a functional vagina. Its advan-
tage over the gracilis is its variable vascular pedicle caliber and 

A/A’

B/B’

A’

A

B

B’

Figure 99-20 View after a laparotomy incision is made through the 
peritoneum at the origin of the deep inferior epigastric vessels into 
the pelvis to reach the vaginal defect. (From Lesavoy MA, Carter 
EJ: Vaginal reconstruction. In Raz S [ed]: Female Urology, 2nd ed. 
Philadelphia, WB Saunders, 1996, pp 605-616.)

Figure 99-21 The myocutaneous fl ap is transposed into the pelvis 
and sutured to the perineal (introital) incision.
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length. Its reliable blood supply and potentially long vascular 
pedicle provide fl ap versatility, with a resulting low incidence of 
vascular compromise. This fl ap augments the surgical options 
available for pelvic and vaginal reconstruction.

An absolute contraindication to rectus harvest is a history of 
vascular disruption of the inferior epigastric vessels. Obesity may 
be a relative contraindication because the thick subcutaneous 
tissue prohibits fl ap fl exibility and mobilization into the pelvic 
space.

There is a wide range of procedures from which to choose for 
the correction of congenital absence of the vagina. Unfortunately, 
no consensus has been reached about which is best. Each patient 
must be evaluated on an individual basis.

For the success of all types of vaginal reconstruction, a compli-
ant patient is a necessity. The patient must wear a vaginal obtura-
tor for a minimum of 3 to 6 months postoperatively and is 
encouraged to use intercourse as an obturator. Vaginal recon-
struction can be a gratifying procedure that enhances the func-
tional and emotional well-being of these patients. Reconstruction 
can be successful in patients with congenital or ablative vaginal 
absence, and it can be a functional and emotional advantage for 

A

all concerned. Attention to detail and support are necessary for 
all patients.

LABIAL REDUCTION: LABIOPLASTY

Congenital, traumatic, or neoplastic deformities can affect the 
labia minora and labia majora in some women. Congenital or 
traumatic hypertrophy of the labia minora has been an increasing 
concern to some women, and the defect can be relatively easily 
corrected. The labia minora that protrude beyond the confi nes 
of the labia majora can be functionally and aesthetically unsatis-
factory, and some women may experience irritation from 
clothing during athletic exercise, cosmetic or functional inter-
ference with sexual intercourse, and embarrassment and self-
consciousness with tight undergarments.32,33

Surgical indications for reduction of the labia minora are for 
patient satisfaction with functional and aesthetic characteristics. 
The surgical procedure for reduction of the labia minora is rela-
tively straightforward and can be performed on an outpatient 
basis.34,35

B
Figure 99-22 A, Preoperative view of a large and patulous labia minora exhibiting symptoms of irritation from sports, clothing, and 
aggressive sexual activity. B, Intraoperative retraction of the labia minora.
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C D
Figure 99-22, cont’d C, Immediate postoperative indications of asymmetric resection and closure of labia minora. D, Postoperative result.

The surgical contour should be explicitly discussed with the 
patient before surgery, and the excision should avoid eversion of 
mucosal surfaces so that the superfi cial squamous epithelium is 
turned inward. In this way, the scars are inconspicuous, and 
mucosal irritation from eversion does not occur. Infi ltration with 
local anesthetic and epinephrine can reduce postoperative pain, 
intraoperative bleeding, and postoperative bruising, but it should 
be done in conjunction with general anesthesia. The protuberant 

area is excised, and the remaining edge is sutured with absorbable 
material (Figs. 99-22 to 99-25).

Surgical reduction of the labia minora often improves the 
physical comfort and psychological aspects of hypertrophy. If the 
hypertrophied labia interfered emotionally and physically with 
intercourse, the sexual satisfaction of these patients will be 
improved. Patients undergoing labia minora reduction usually 
are pleased with the aesthetic and functional results.
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A

B

C

D
Figure 99-23 A, Preoperative hypertrophy of the labia minora. B, Intraoperative retraction of the labia minora. C, Intraoperative markings of 
resection of bilateral labia minora. D, The right labium minus has been resected; the left labium minus has not yet been resected. 
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E

F
Figure 99-23, cont’d E, Resected tissue of the labia minora. F, Postoperative result.
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A B

B

A

C
Figure 99-24 A, Hemangioma of the left labium majus and suprapubic area with areas of previous biopsies. B, Markings for excision of 
bilateral labia majora hemangioma. C, Postoperative result.

Figure 99-25 A to E, Six days after labia minora reduction, the tissue shows minimal swelling.
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Cervical spondylosis, voiding dysfunction and, 176–177
Cervicitis

Chlamydia, 872–873
Neisseria gonorrhoeae, 872

Cesarean section, urinary incontinence and, 536
Childbirth. See also Pregnancy

anal sphincter injury and, 534, 537
bladder neck descent and, 102–103, 102f
instrument-assisted, 536
levator ani injury and, 114–117, 115f, 116f, 534–535
pelvic organ prolapse and, 117, 121, 530, 534–536, 537–

538, 553, 584
pudendal nerve injury and, 304, 306
urinary incontinence and, 70, 303–305, 535

electromyography in, 125–126
videourodynamic study in, 394, 394f

urinary retention and, 538
vesical neck position after, 535
voiding dysfunction and, 538

Children
acquired voiding dysfunction in, 80
nocturnal enuresis in, 244, 251

Chlamydia infection, 872–873
Chondrocytes, autologous, injection of, 357, 1001
CHRM genes, 234
Chronic obstructive pulmonary disease, pelvic organ 

prolapse and, 530
Cigarette smoking

overactive bladder and, 213–214
pelvic organ prolapse and, 530
urinary incontinence and, 216

Cimetidine, in interstitial cystitis, 927
Cingulate gyrus, anterior, in urinary tract function, 36f, 37
Cisapride, in irritable bowel syndrome, 768
Clenbuterol, 49

in overactive bladder, 248–249
Clindamycin

in desquamative vaginitis, 864
in vaginosis, 862

Clitoral nerve, electrophysiologic evaluation of, 131
Clitoris, 858, 860f

age-related changes in, 510, 511f
pain about, 519, 521

Cloaca
abnormalities of, 5
development of, 3, 3f, 4f

Cloning, 1003–1004
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Clotrimazole, in candidiasis, 863
Coccygeus muscle, 860
Cognitive impairment, urinary tract disorders and, 948t, 

949
Cold water testing, 39–40
Colectomy, in constipation, 766
Collagen

bladder, 305
endopelvic fascia, 552
estrogen effects on, 60
in pelvic organ prolapse, 531, 552
porcine, 655–657, 657t
synthesis of, 305
urethral injection of, 351–352, 353t, 357

Collagen skin test, 348–349, 349f
Collagenosis, 19f, 20, 20f
Colliculus, inferior, in voiding, 33–34, 35f, 36f
Colon, operative injury to, 488
Colon transit study

in constipation, 766
in defecatory dysfunction, 762

Colonoscopy, in defecatory dysfunction, 763
Coloperineal fi stula, 873
Colostomy, in fecal incontinence, 765
Colovaginal fi stula, 873
Colpocystodefecography, in pelvic organ prolapse, 

564–565
Colpocystoproctography, vs. magnetic resonance imaging, 

583
Colpocystourethrography, in pelvic organ prolapse, 580
Colpocystourethropexy, 385–389

failure of, 389
precautions for, 388, 389f
principles of, 385–387, 385f, 386f
sutures for, 387–388, 387f, 388f
technique of, 387–388, 387f, 388f

Colporrhaphy
anterior, 642–647. See also Cystocele, anterior 

colporrhaphy for
urethrovaginal fi stula and, 779

posterior, 731–732, 732f, 734, 734t
complications of, 735
results of, 734, 734t

Colposuspension. See Burch colposuspension; 
Colpocystourethropexy

Computed tomography, 87f, 88f, 89f, 90–91
in pelvic organ prolapse, 571, 580
in perineal hernia, 745
in urinary tract infection, 849

Conduit diversion, in interstitial cystitis, 930, 931t
Congenital adrenal hyperplasia, animal model of, 10
Connexin-43, in neurogenic detrusor overactivity, 206
Constipation, 765–766, 765t, 767f

electrodiagnostic testing in, 127
pelvic organ prolapse and, 530
voiding dysfunction and, 215–216

Construct validity, of questionnaire, 148
Content validity, of questionnaire, 148
CONTILIFE questionnaire, 149t, 152
Continent urinary diversion, 983–987

bladder neck closure and, 995
vs. enterocystoplasty, 296
Florida pouch for, 985, 987
Indiana pouch for, 985, 988f
in interstitial cystitis, 931t, 932
Kock pouch for, 983, 984f
Mainz pouch I for, 983–984, 985f, 986f–987f, 988f
Mainz pouch II for, 987, 991f
Mainz pouch III for, 984–985, 989f
right colonic reservoir with stapled ileal outlet for, 985
video urodynamics in, 142

Conus medullaris lesions, electrodiagnostic testing in, 127, 
128f

Conveen Continence Guard, 606
Convergent validity, of questionnaire, 148
Corticosteroids, in lichen planus, 866
Corticotrophin releasing hormone, 39
Corticotropin-releasing factor, chronic pelvic pain and, 

895, 896f
Cortisol

daily production of, 896, 897t
salivary, 895
serum, 897, 898f

Creutzfeldt-Jakob disease, transmission of, 401, 611
Criterion validity, of questionnaire, 148

Cromakalim, in detrusor overactivity, 242
Culture, in urinary tract infection, 848–849
Cup-patch technique, for bladder augmentation, 973, 

974f–975f
Cyclosporine, in interstitial cystitis, 927
Cyst(s)

Bartholin’s gland, 521, 867, 877t, 879–880
canal of Nuck, 877t, 880
ciliated, 877t, 884
dermoid, 877t, 884
epidermal, 882
follicular, pigmented, 877t, 884
Gartner’s duct, 835, 877t, 878
gas-fi lled, 883
inclusion, 877t, 882
Müllerian, 877t, 878
periurethral, 94f
Skene’s duct, 834–835, 834f, 877t, 879, 880f
urethral, 880–882, 882f. See also Urethral diverticula
vaginal, 94–95, 95f, 835, 877–880, 877t

Cystectomy
in interstitial cystitis, 930–932, 931t
reconstruction after. See Continent urinary diversion; 

Orthotopic bladder
Cystitis. See also Urinary tract infection

acute (uncomplicated), 850–851, 851b, 851t
interstitial, 513, 916, 916b. See also Painful bladder 

syndrome; Pelvic pain, chronic
androgen defi ciency and, 897–901, 898f, 898t, 899t, 

900t
antiproliferative factor in, 921
biomarkers in, 921, 922–923
classifi cation of, 892–893
cystoscopy in, 922, 929, 930
diagnosis of, 921–923
epidemiology of, 917–919, 918t
etiology of, 921
feline, 895
fi nancial impact of, 919–920, 919t, 920t
genetic factors in, 921
hypothalamic-pituitary-adrenal axis in, 894–897, 

894f, 896f, 897f, 898f
hypothalamic-pituitary-gonadal axis in, 897–901, 

898f, 898t, 899t, 900t
neuroendocrine factors in, 892–901, 892f, 893f
nonbladder symptoms and, 920–921, 920t
pathophysiology of, 921
potassium sensitivity testing in, 923, 923t
questionnaires in, 923
serum cortisol in, 897, 898f
sympathoneural output in, 893–894, 893f
treatment of, 924–932, 924t, 926t, 928t

behavioral therapy in, 924–925
botulinum toxin in, 262
capsaicin in, 258–259
conduit diversion in, 930, 931t
continent diversion in, 931t, 932
diet in, 925
hydrodistention in, 929–930
intravesical, 927–928
neuromodulation in, 267, 929
pain management in, 932
pharmacologic, 925–927, 926t
physical therapy in, 928–929, 928t
resiniferatoxin in, 259
stress management in, 925
supratrigonal cystectomy in, 930, 931t
surgery in, 929–932, 931t
total cystectomy in, 930, 931t, 932

urodynamics in, 922
vs. vulvovaginal candidiasis, 863

Cystocele. See also Pelvic organ prolapse
anatomy of, 636–637, 636f, 695f
anterior colporrhaphy for, 642–647

anatomy for, 642–643, 642f, 643f, 644f
bladder injury with, 646
complications of, 646
evaluation of, 643–644
outcomes of, 645, 646t
sexual function after, 646
technique of, 644–645, 645f
ureter injury with, 646
urethral injury with, 646

biomaterial repair for, 655–659
bovine pericardium in, 658–659

Cystocele (Continued)
human dermis in, 658, 658t
porcine dermis in, 655–657, 657t
porcine small intestine in, 657–658
technique in, 659

cadaveric fascial sling repair for, 629–634
care after, 632–633
evaluation for, 629–630, 629t, 630t
patient preparation for, 630
results of, 633–634, 633f, 634f
technique of, 630–632, 630f, 631f, 632f, 633f

diagnosis of, 637, 637f
in elderly patient, 964
etiology of, 635, 636f
goalpost procedure for, 369, 370f
historical perspective on, 635
imaging of, 571, 572f
magnetic resonance imaging in, 571, 572f

dynamic, 581–582, 582f
pathoanatomy of, 547, 547f, 548f
pathophysiology of, 547, 547f, 548f, 551–553
prolene mesh repair for, 662–670

biomechanical properties in, 663–665, 664f, 665f
complications of, 665, 666t
evidence-based recommendations in, 667–668
healing process after, 663, 663f
techniques of, 666–667, 666f
transobturator, 667, 668f, 669f, 670f, 670t

transabdominal paravaginal repair for, 636–640, 638f, 639f
anatomy for, 636–637, 636f
complications of, 640
examination for, 637, 637f
laparoscopic, 638–640

transvaginal paravaginal repair for, 649–653
anatomy for, 649–650
care after, 653
evaluation for, 651–652
imaging for, 651–652
pathophysiology and, 650
results of, 653
technique of, 652–653

ultrasonography of, 103, 104f, 117, 117f
urinary tract symptoms with, 624
vaginal packing in, 626
voiding dysfunction and, 183, 184t

Cystography, 86
for colpocystourethropexy, 385–386, 385f, 386f
in elderly patient, 943

Cystometric biofeedback therapy, in overactive bladder, 
220–221, 221f

Cystometrography, 134–136, 134f, 135f
ambulatory, 142–143
capacity on, 135
compliance on, 135, 135f
in cystocele, 652
in detrusor overactivity, 135–136
in elderly patient, 965, 966f
sensation on, 135

Cystometry, in pelvic organ prolapse, 588–589, 590f
Cystoplasty, augmentation. See Bladder augmentation
Cystoscopy

in interstitial cystitis, 922, 929, 930
in overactive bladder, 201
in perineal hernia, 745
postoperative, 179f, 180
in urinary fi stula, 83
in vesicovaginal fi stula, 795

Cystotomy, inadvertent
with vaginal hysterectomy, 715
with vaginal surgery, 753

Cystourethrography. See also Voiding cystourethrography
in cystocele, 651
in myelomeningocele, 391, 392f
in perineal hernia, 745
in spinal cord injury, 391, 391f

Cystourethroscopy, in urethral diverticula, 830
Cytrix Soft Tissue Repair Matrix, 656

D
Daily activities, for biofeedback, 317, 317f
Darifenacin

in overactive bladder, 236–237
in urge urinary incontinence, 237

INDEX-X2339.indd   1025 1/31/2008   3:04:15 PM



1026 INDEX

Defecating proctogram, 762
Defecation, 761

dysfunction of, 761–770. See also Fecal incontinence
anatomy of, 761
barium enema in, 763
colon transit study in, 762
colonoscopy in, 763
defecating proctogram in, 762
diagnosis of, 761–765
dynamic magnetic resonance imaging in, 762
enema evaluation in, 761
manometry in, 761–762
patient history in, 761
physical examination in, 761
physiology testing in, 761–762
pudendal nerve terminal latency in, 762
ultrasonography in, 762, 762f

posterior vaginal wall prolapse and, 733–734, 735
rectocele and, 731

Defecography
in pelvic organ prolapse, 561–562, 564, 565f, 566f, 567f
in rectocele, 574–575, 575f, 576f

Defecoperitoneography, in enterocele, 574
Dehydroepiandrosterone, 897t, 898–899
Dehydroepiandrosterone sulfate, 517, 896–897, 897t

defi ciency of, 898–899
in sexual dysfunction, 518

Delorme procedure, 770
Denys-Drash syndrome, 9
Deoxyribonucleic acid, mitochondrial, 1004–1005
Depression

urinary incontinence and, 71
voiding dysfunction and, 209–210

Dermatitis, vulvar, 867–868
Dermis

human, 658, 658t
porcine. See Xenograft

Descending perineum syndrome, 747–748
Desipramine

in bladder overactivity, 243
in vestibular pain, 870

Desmopressin acetate, in nocturnal enuresis, 251
Detrusor arefl exia, 168, 168t
Detrusor hyperactivity with impaired contractility 

syndrome, 189
Detrusor Instability Score, 149–150
Detrusor leak point pressure, 136, 136f

vs. abdominal leak point pressure, 137
in myelodysplasia, 392
in pelvic organ prolapse, 589

Detrusor muscle. See also Bladder
α-adrenoceptors of, 48
β-adrenoceptors of, 48–49
age-related changes in, 21
anatomy of, 301
autonomous activity of, 205, 205f
basal acetylcholine release from, 48
calcium ion channel of, 49–50
cell coupling in, 15
contractility of, 15, 20

impaired, 17, 18f, 189. See also Detrusor overactivity
contractions of, 205, 205f
coordinator compartment of, 14–15
degeneration pattern of, 17, 18f
electrical properties of, 205–206, 205t
estrogen effects on, 53–54, 60
generator compartment of, 14
global contractions of, 205, 205f
innervation of, 14, 178
interstitial cells of, 205
ion channels of, 49–50
modulator compartment of, 14
morphology of, in overactive bladder, 206, 206t
muscarinic receptors of, 47–48, 48f
myohypertrophy pattern of, 19–20, 19f, 20f
overactivity of. See Detrusor overactivity
pathology of, 15, 17–21, 18f, 19f, 20f, 21f
phasic contractions of, 205, 205f
potassium channel of, 50
purinergic receptors of, 49
receptors of. See Receptor(s)
ultrastructure of, 13–15, 13f, 19f, 20f, 21f

Detrusor myomectomy, 290–292
care after, 291
vs. enterocystoplasty, 292

Detrusor myomectomy (Continued)
outcomes of, 291–292
patient preparation for, 290
patient selection for, 290
technique of, 290–291, 290f, 291f

Detrusor overactivity. See also Overactive bladder
classifi cation of, 78, 78t, 201
cystometrography in, 135–136
defi nition of, 77–78, 169, 170, 197, 198f
dysjunction pattern in, 17, 19f
electrodiagnostic testing in, 126
hyperelastosis in, 21, 21f
idiopathic, 78, 169, 201
menstrual cycle and, 60
mixed urinary incontinence and, 478
myohypertrophy pattern in, 17, 19–20, 19f, 20f
neurogenic, 78, 78t, 201

connexin-43 in, 206
defi nition of, 169
in multiple sclerosis, 175, 175f
in Parkinson’s disease, 176
pathophysiology of, 209
stroke and, 176
treatment of

botulinum toxin in, 260–261
capsaicin in, 259
cromakalim in, 242
darifenacin in, 236–237
dicyclonine hydrochloride in, 240
levcromakalim in, 242
oxybutynin in, 238–239
resiniferatoxin in, 259–260

pathogenesis of, 17, 19, 19f
pelvic organ prolapse and, 588–589, 590f
phasic, 201
terminal, 201
treatment of

baclofen in, 245
botulinum toxin in, 244–245, 260–261
capsaicin in, 245–247, 251
cromakalim in, 242
darifenacin in, 236–237
fl avoxate hydrochloride in, 240
fl urbiprofen in, 243
imipramine in, 244
nitric oxide in, 245
oxybutynin in, 238–240
resiniferatoxin in, 259–260
scopolamine in, 235
terbutaline in, 243
thiphenamil hydrochloride in, 245
trospium in, 240

Detrusor pressure. See Cystometrography
Detrusor–external sphincter dyssynergia, 80, 187

vs. acquired voiding dysfunction, 80
botulinum toxin in, 261
defi nition of, 169
detrusor leak point pressure in, 136
electromyography in, 142
multiple sclerosis and, 175–176
spinal cord injury and, 174, 174f
video urodynamics in, 141

Dextranomer/hyaluronic acid copolymer injection, 354, 
355t

Diabetes insipidus, nocturnal enuresis in, 251
Diabetes mellitus

autonomic neuropathy in, 166–167
urinary tract infection in, 854

Diaphragm
pelvic, 549
urogenital, 547–548

Diaphragm (contraceptive)
in urinary incontinence, 606
urinary tract infection and, 848

Diarrhea, enterocystoplasty and, 295
Dicyclomine hydrochloride, in detrusor overactivity, 240
Diet

constipation and, 766
irritable bowel syndrome and, 767
overactive bladder and, 214–216

Dihydrotestosterone, embryologic function of, 6, 7f
Diltiazem, in overactive bladder, 241
Dimethyl sulfoxide, intravesical, 245
Dimethylsulfoxide (DMSO), in interstitial cystitis, 927
Diphenoxylate hydrochloride, in fecal incontinence, 763

Discriminant validity, of questionnaire, 148
Distal urethral polypropylene sling, 430–433

outcomes of, 431, 433
technique of, 430–431, 431f, 432f, 433f

Diuretics, urinary incontinence and, 942
Diverticula. See Urethral diverticula
Dopamine, in sexual function, 518
Dopamine receptor antagonists, experimental, 38
Doxazosin

bladder blood fl ow and, 48
bladder contraction and, 38

Doxepin, in overactive bladder, 244
Drug(s). See also Neuromodulation, pharmacologic; 

Uropharmacology and specifi c drugs and drug classes
lichen planus with, 513
urinary incontinence and, 949, 950t
urinary retention and, 949, 950t

Duloxetine, in stress urinary incontinence, 39, 249
Durasphere injection, 354–355, 356t, 498–499
Dysfunctional voiding, 169. See also Voiding dysfunction
Dyspareunia, 507, 519–520, 858t, 869–870, 871

chronic pelvic pain and, 871–872
dermatologic conditions and, 513

Dysuria, enterocystoplasty and, 295

E
Economic factors, in urinary incontinence, 71, 944
Eczema, vulvar, 867–868
Ehlers-Danlos syndrome, pelvic organ prolapse and, 531
Elasticity, tissue, 553
Elastin, of endoplevic fascia, 552
Elderly patient

abdominal leak point pressures in, 964–965
age-related urinary tract changes in, 948–958, 948t
bacteriuria in, 949–951, 950t
bladder compliance in, 965–966
bladder outlet obstruction in, 967, 968, 968f
cystocele in, 964
cystometrography in, 965, 966f
detrusor instability in, 965, 966f
lower urinary tract symptoms in, 944, 945f
nocturia in, 944
overactive bladder syndrome in, 944–945
pelvic organ prolapse in, 964
sphincteric electromyography in, 968–969
urethral pressure profi le in, 963–964
urinary incontinence in, 60–61, 939–944, 948t, 951–958

absorbent products for, 943, 953–954
acute, 951, 952t
behavioral interventions for, 956–957, 956t
biofeedback for, 956t, 957
bladder training for, 956t, 957
caregiver-dependent interventions for, 956t, 957
catheterization for, 957–958, 958t
diuretic use and, 942
drug treatment of, 954–956, 955t
drugs and, 949, 950t
epidemiology of, 939–942, 939t, 940f, 941t, 951, 

951t
estrogen and, 956
ethnicity and, 941
evaluation of, 953, 953b, 954t
functional, 952–953
immobility and, 942
in institutions, 941
Kegel exercises for, 956–957, 956t
management of, 953–958
medical correlates of, 942
neurologic factors in, 942, 948t, 949
overfl ow, 952, 955t, 956
patient management of, 943
persistent, 951–953, 952t
prevalence of, 939–941, 939t, 940f, 951, 951t
prevention of, 943–949
prompted voiding in, 956t, 957
psychological factors in, 942
race and, 941
remission of, 941–942
reversible, 951, 952t
socioeconomic factors in, 944
stress, 951, 955–956, 955t, 957
supportive measures in, 954
surgery for, 943, 957
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Elderly patient (Continued)
urge, 952, 955, 955t
urodynamic studies in, 943

urinary retention in, 950t, 952, 952t
urinary tract infection in, 60, 949–951, 950t
urodynamic studies in, 961–969

clinical value of, 961–962
laboratory for, 962

voiding dysfunction in, 944–945, 948t
voiding frequency in, 944
voiding pressure fl ow studies in, 966–968, 967f, 968f, 

969f
Electrical stimulation. See also Neuromodulation

in chronic pelvic pain, 910–911
contraindications to, 226–227
home vs. offi ce, 228
in mixed urinary incontinence, 479
in overactive bladder, 225–229, 226f, 227f
in stress urinary incontinence, 318–322
in urge incontinence, 225, 227

Electrodiagnostic testing, 125–131. See also 
Electromyography

in cauda equina lesions, 127, 128f
in chronic constipation, 127
clinical application of, 125, 125b
in conus medullaris lesions, 127
in detrusor overactivity, 126
for diagnostic exclusion, 129
in fecal incontinence, 127
in multiple system atrophy, 128
in myopathy, 128
in Parkinson’s disease, 128
patient assessment before, 125, 125b
in postpartum incontinence, 125–126
in pudendal nerve lesions, 127–128
in sacral plexus lesions, 127–128
in sexual dysfunction, 127
in urinary retention, 126–127, 126f

Electromyography, 129–130, 130f
in cauda equina lesions, 127, 128f
in constipation, 127
in detrusor–external sphincter dyssynergia, 142
of external anal sphincter, 129–130
in fecal incontinence, 127
in idiopathic urinary retention, 189–190
kinesiologic, 130
in labor-related pudendal nerve injury, 534
in Parkinson’s disease, 128
in pelvic fl oor muscle biofeedback training, 313–314
in postpartum urinary incontinence, 125–126
sphincter, 142

in elderly patient, 968–969
in pelvic organ prolapse, 592
in postpartum urinary incontinence, 126
in urinary retention, 126, 126f

in urinary retention, 126, 126f
Embryo, genitourinary development in, 3–8, 3f, 4f, 6f, 7f
Emperonium, in overactive bladder, 238
Endometrioma, 96, 97f
Endometriosis, 87f, 95, 97f, 877t, 882
Endopelvic fascia, 542, 547, 549f

composition of, 552
levator ani interaction with, 550–551
vaginal prolapse and, 553

Enema, in defecatory dysfunction, 761
Enterocele, 81, 695f. See also Pelvic organ prolapse

defecoperitoneography in, 574
dynamic magnetic resonance imaging in, 581–582, 

582f
magnetic resonance imaging in, 571, 573–574, 573f, 

574f
dynamic, 581–582, 582f

pulsion (true), 81
treatment of, 684–687

laparoscopic sacral colpopexy in, 719–723, 721f, 
722f

mesh procedure in, 685–686, 685f, 686f
transvaginal sacrouterine fi xation in, 684–685
voiding dysfunction after, 183–184

ultrasonography in, 573–574
Enterocystoplasty, 293–295, 293f, 294f, 973, 974f–975f

complications of, 294–295
vs. continent urinary diversion, 296
vs. detrusor myomectomy, 292
seromuscular, 295

Enuresis, 77
nocturnal, 77, 79, 79t

in children, 244, 251
in diabetes insipidus, 251

Ephedrine chloride, in stress urinary incontinence, 247
Episiotomy, 304
Epispadias, 5
Erectile dysfunction, 509, 510f
Erythromycin, in Chlamydia infection, 873
Estrogen

bladder function and, 53–54, 59–60, 949, 956
cellular proliferation and, 59–60
collagen effects of, 60
depletion of, 60–61
detrusor effects of, 60
urethral effects of, 60
vaginal, 512, 607

urinary tract infection and, 848
Estrogen receptors, 59

brain, 60
estrogen effects on, 512, 552–553

Estrogen therapy, 900
in fecal incontinence, 60
in ischemic heart disease, 61–62
in recurrent urinary tract infection, 60, 63, 64t, 70, 848
in sexual dysfunction, 518
in stress urinary incontinence, 62, 62t, 249–250
in urge urinary incontinence, 63, 63f
in urinary incontinence, 61–62, 62t
in urogenital atrophy, 64–65, 65t

Ethylene vinyl alcohol copolymer injection, 356–357
Exercise

pelvic fl oor (Kegel). See Pelvic fl oor muscle exercises
pelvic organ prolapse and, 530–531
urinary incontinence and, 70, 216–218

Extracorporeal electromagnetic stimulation, 319–320, 320f

F
Famciclovir, in herpes simplex virus infection, 864
Fat, autologous, periurethral injection of, 352, 354t
Fecal incontinence, 763–765

childbirth and, 534, 537
electrodiagnostic testing in, 127
electromyography in, 127
estrogen therapy in, 60
pathophysiology of, 763, 763t
posterior vaginal wall prolapse and, 731, 735
treatment of, 763–765, 763f

Femoral nerve, intraoperative injury to, 488
Fetus, hypothalamic-pituitary-adrenal axis in, 895–896, 

896f
Fever, postoperative, with vaginal surgery, 754–755
Fiber, dietary, in constipation, 766
Fibroblast growth factor 10, in genitourinary 

abnormalities, 8
Fistula. See Rectovaginal fi stula; Ureterovaginal fi stula; 

Urethrovaginal fi stula; Vesicovaginal fi stula
Flavoxate hydrochloride

in detrusor overactivity, 240
in overactive bladder, 238

Florida pouch, 985, 987
Fluconazole, in candidiasis, 863
Fluid intake

charting of, 199–200
daily, 214
in overactive bladder, 214

Fluid output, charting of, 199–200
Flunarizine, in overactive bladder, 241
Fluoroquinolones, in urinary tract infection, 849t, 850, 

851b
Fluoroscopy, 86–89

in cystocele, 685
in pelvic organ prolapse, 564–565, 565f

Flurbiprofen, in detrusor overactivity, 243
Foley catheter, urethral dysfunction with, 392–393, 393f
Folliculitis, 867
Foreign body injury, vaginal, 868
FOS, 31, 32f
Four-corner bladder neck suspension, 364–365, 365f
Fowler’s syndrome. See Urinary retention, idiopathic
Frank procedure, 1008
Frequency-volume chart, 219
Funneling, urethral, 103, 103f

G
Gabapentin, in vestibular pain, 870
Gait, 82
Ganglion cells, 27
Gartner’s duct cyst, 835, 877t, 878, 879f

imaging of, 94–95, 95f, 109, 109f
Gaudenz Incontinence Questionnaire, 150
Genital pain, 507, 513–514, 514f. See also Vulvodynia

treatment of, 519–521, 520f
Genitalia. See also Vagina; Vulva

abnormalities of, 5–8
age-related changes in, 506f, 510–511, 511f
embryology of, 5, 7f

Genitourinary system. See also specifi c components
abnormal development of, 5–8

molecular mechanisms of, 8–10
development of, 3–8, 3f, 4f, 6f, 7f

Glial cell–derived neurotrophic factor
in genitourinary abnormalities, 8
in spinal cord injury, 209

Glucocorticoids, response to, 894, 894f
Glutamate, 37–38
Glutamic acid, 37–38
Glutaraldehyde cross-linked collagen injection, 351–352, 

353t, 498
Gluteal skin fl ap, in vesicovaginal fi stula, 799
Glycopyrrolate, in overactive bladder, 235
Goalpost procedure, 369, 370f
Gonads. See also Ovary (ovaries); Testis (testes)

abnormalities of, 5–8
dysgenesis of, 8
embryology of, 5, 6f
mixed dysgenesis of, 8

Gonorrhea, 872
Gore-Tex mesh, 613, 614f, 614t, 664, 664f, 665t
Gracilis fl ap

in vaginal reconstruction, 1012–1013, 1012f, 1013f, 
1014f

in vesicovaginal fi stula, 800
Graciloplasty, in fecal incontinence, 765
Groutz-Blaivas anti-incontinence surgery response score, 

154b, 155

H
H-line, in pelvic organ prolapse, 581–582, 581f
Hald-Bradley classifi cation, 166–167, 167b
Hammock theory, 165, 302
Hand-foot-genital syndrome, 9
Hand function, spinal cord injury and, 173
Health-related quality of life, in outcomes assessment, 147
Hematoma

free vaginal wall sling and, 383
posterior sling repair and, 693
retroperitoneal, 109, 110f
vaginal, 109, 110f
vaginal hysterectomy and, 716–717

Hematuria, enterocystoplasty and, 295
Hemorrhage, with vaginal surgery, 751–752
Heparin, in interstitial cystitis, 927–928
Hermaphroditism, 6, 7–8
Herpes simplex virus infection, 864
Hidradenoma, 877t, 884
Hinman’s syndrome, 80, 142
Homeobox genes, 9
Hormone replacement therapy, 61–62, 62t. See also 

Estrogen therapy
pelvic organ prolapse and, 530

Hot peppers, 258, 258t. See also Capsaicin
HOXA gene, 9
HOXD gene, 9
Human immunodefi ciency virus infection, 401, 611
Human papillomavirus infection, 864–865
Hydrocele, 877t, 880
Hydrodistention, bladder, 929–930
Hydronephrosis

ambulatory urodynamics in, 143
magnetic resonance imaging in, 92

Hydroureteronephrosis, 583, 583f
11-Hydroxylase defi ciency, 6
21-Hydroxylase defi ciency, 6
17β-Hydroxysteroid dehydrogenases, dysfunction of, 

899–900
5-Hydroxytryptamine, 38
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Hydroxyzine, in interstitial cystitis, 927
Hymen, 858–859, 860f

evaluation of, 861
rigid, 869
trauma to, 868

Hyoscyamine, in overactive bladder, 235
Hyoscyamine sulphate, in overactive bladder, 235
Hyperelastosis, 21, 21f
Hypersensitivity disorders

bladder, 258–259
with bulking agent injection, 348–349, 349f
genitourinary, 512, 520

Hypocortisolism, in chronic pelvic pain, 895
Hypogastric plexus, 178, 886–887, 887f
Hypothalamic-pituitary-adrenal axis, in stress response 

system, 894–897, 894f, 896f, 896t, 897f
Hypothalamic-pituitary-gonadal axis, in stress response 

system, 897–901, 898t, 899t, 900f
Hypothalamus, in urinary tract function, 33f, 36
Hysterectomy

abdominal sarcocolpopexy and, 620
laparoscopic, 181
pelvic organ prolapse and, 530, 531f, 625
vaginal, 707–713

bleeding with, 752
complete procidentia and, 713
complications of, 715–717
contraindications to, 708
diffi cult, 713–714, 714f, 715f
indications for, 707–708
leiomyomatous uterus and, 714, 716f, 717f
narrow introitus and, 713
obliterated cul-de-sac of Douglas and, 713–714
obliterated vesicouterine fold and, 713, 715f
oophorectomy with, 710, 712f
technique of, 708–710, 708f, 709f, 710f, 711f
vaginal vault suspension after, 710–713, 712f, 713f

vesicovaginal fi stula after, 754
voiding dysfunction after, 70–71, 180–181, 184t

Hysterosonography, 95

I
Idoxifene, pelvic organ prolapse and, 552
Ileocecal pouch, 976, 981f–982f, 983
Ileostomy, in fecal incontinence, 765
Ileum, for orthotopic bladder, 975–976, 977f–980f
Iliococcygeus fascia colpopexy, 687
Iliococcygeus muscle, 302, 549–550, 550f, 550t, 551f
Iliococcygeus suspension, 680
Iliohypogastric nerve injury, 756
Ilioinguinal nerve injury, 488, 756
Imaging. See Computed tomography; Magnetic resonance 

imaging; Ultrasonography
Imipramine

in bladder overactivity, 243, 244
in detrusor overactivity, 243
in pediatric nocturnal enuresis, 244

Implacer device, 350, 350f
Inclusion cyst, 877t, 882
Incontinence. See Fecal incontinence; Urinary 

incontinence
Incontinence Impact Questionnaire, 149t, 151–152, 339
Incontinence Impact Questionnaire–Revised, 149t
Incontinence Impact Questionnaire–Short Form, 149t
Incontinence Quality-of-Life Questionnaire, 149t, 152
Incontinence Stress Questionnaire for Patients, 149t, 152
Indiana pouch, 985, 988f
Infection. See also Urinary tract infection

Candida, 862–863
Chlamydia, 872–873
clitoral, 519
herpes simplex virus, 864
human immunodefi ciency virus, 401, 611
human papillomavirus, 864–865
prion, 611
sexually transmitted, 863, 864–865, 872
Trichomonas, 863
urethral diverticula and, 827
vaginal, 861–865
with vaginal surgery, 754–755
viral, 864–865

Infracoccygeal sacropexy. See Posterior IVS procedure
Interferon-α, in vestibular pain, 870

Internal reliability, of questionnaire, 148
International Consultation on Incontinence 

Questionnaire, 149t, 151, 199, 199b
International Continence Society (ICS)

Pelvic Organ Prolapse Quantifi cation system of, 80, 81f, 
81t

voiding dysfunction classifi cation system of, 168–169
International Continence Society (ICS) standardization 

report, 77
International Society for the Study of Women’s Sexual 

Health, 506
Interneurons, spinal, 30–31
InterStim device, for pudendal nerve stimulation, 284, 

285–287, 285f, 286f
Interstitial cystitis. See Cystitis, interstitial
Interstitium, vesicourethral, 14
Intra-abdominal pressure

continence and, 163–164, 307
erect posture and, 316–317, 317f
levator ani contraction with, 316
pelvic fl oor muscle support and, 316–317

Intraurethral devices, in stress incontinence, 322
Intravenous pyelography, 86, 87f, 88, 88f

in vesicovaginal fi stula, 795
Intravenous urography, 88

in ureterovaginal fi stula, 821, 822f
in urethral diverticula, 833

Intravesical pressure. See Cystometrography
Intrinsic sphincter defi ciency, 78, 306. See also Stress 

urinary incontinence
defi nition of, 328
diagnosis of, 406
etiology of, 406
treatment of, 328–329
Valsalva leak point pressure in, 306, 328

Ion channels, 49–50
Irritable bowel syndrome, 766–768, 768t
Ivalon sponge repair, 769
IVS mesh, 614f. See also Posterior IVS procedure

ultrasonography of, 106, 108, 109f

J
JO1870, in murine bladder overactivity, 245
Joint hypermobility, pelvic organ prolapse and, 531

K
Kegel exercises. See Pelvic fl oor muscle exercises
Kelly plication, anterior colporrhaphy with, 646–647
Kidneys

embryology of, 4–5
imaging of, 88, 89f
tubular ectasia of, 87f

King’s Health Questionnaire, 149t, 152
Knack method, 105–106, 310, 316
Kock pouch, 983, 984f
KOH wet mount, 863
KSP-cadherin, in genitourinary abnormalities, 9

L
Labia majora, 857, 860f

surgical reduction of, 1020f
Labia minora, 857–858, 860f

surgical reduction of, 1016–1021, 1016f–1017f, 1018f–
1019f, 1020f–1021f

Labia minora pedicle graft, in urethral reconstruction, 
785, 789, 790f

Labioplasty, 1016–1021, 1016f–1017f, 1018f–1019f, 
1020f–1021f

Labor. See Childbirth
β-Lactams, in urinary tract infection, 849t, 850
Lapides classifi cation, 167–168, 167b
Latzko operation

in rectovaginal fi stula, 819
in vesicovaginal fi stula, 797

Laxatives, 766
Leak point pressure

abdominal, 136–137, 136f, 964–965
detrusor, 136, 136f, 137

in myelodysplasia, 392
in pelvic organ prolapse, 589

Leak point pressure (Continued)
Valsalva

bulking agent effect on, 348
in intrinsic sphincter defi ciency, 306, 328
in pelvic organ prolapse, 589

Leicester Impact Scale, 149t, 152–153
Leiomyoma, 96f, 714, 716f, 717f, 834, 834f. See also 

Hysterectomy, vaginal
Leukoplakia, 866
Levator ani, 302

anatomy of, 549–550, 550t, 551f, 859–860
bilateral avulsion of, 115–117, 116f
contraction of, 104–106, 105f
fi bers of, 303
innervation of, 551
labor-related injury to, 534–535
magnetic resonance imaging of, 553
myography of, 579
refl ex contraction (knack) of, 105–106, 310, 316
ultrasonography of, 104–106, 105f, 114–117, 115f, 116f
unilateral avulsion of, 114–117, 115f, 116f

Levator hiatus, 114, 115f
Levcromakalim, in detrusor overactivity, 242
Levodopa, urodynamic effects of, 176
Levofl oxacin, in Chlamydia infection, 873
Levormeloxifene, pelvic organ prolapse and, 552
Lichen planus, 513
Lichen sclerosus, 513, 513f, 865
Lichen simplex chronicus, 866
Lidofl azine, in overactive bladder, 241
Loperamide hydrochloride, in fecal incontinence, 763

M
Macroplastique

injection of, 350, 350f, 352, 354, 354f, 355t
vs. porcine dermal collagen, 357
ultrasonography of, 106, 109f, 120, 120f

Magnetic resonance angiography, 95
Magnetic resonance imaging, 91–92, 92f

in Bartholin’s duct cyst, 880, 881f
of bladder, 92–94, 93f
in cervical cancer, 92f, 93f
in cystocele, 571, 572f, 652
in defecatory dysfunction, 762
dynamic

in defecatory dysfunction, 762
in pelvic organ prolapse, 580–584, 581f, 582f, 583f, 

652
in endometrioma, 96, 97f
in endometriosis, 95
in enterocele, 571, 573–574, 573f, 574f
in Gartner’s duct cyst, 95f, 878, 879f
in idiopathic urinary retention, 190
of kidneys, 88
in labor-related levator ani injury, 534–535
of levator ani, 553
of ovary, 96
of pelvic fl oor, 94
in pelvic organ prolapse, 568–570, 569f, 570f, 570t
in perineal hernia, 745
in periurethral cyst, 94f
in pyosalpinx, 97–98
in rectocele, 575, 576f
sacral neuromodulation procedures and, 273
in Skene’s duct cyst, 880f
in stress urinary incontinence, 306
three-dimensional, in pelvic organ prolapse, 570, 570f
in urethral diverticula, 828f, 881–882, 883f
in urinary tract infection, 849
in uterine prolapse, 575, 577f
of uterus, 95, 96f
in vaginal cyst, 878, 878f

Mainz pouch
orthotopic, 976, 981f–982f, 983
type I, 983–984, 985f, 986f–987f, 988f
type II, 987, 991f
type III, 984–985, 989f

Male, urethra of, 51–52, 165
Marlex, 613, 614t, 664, 664f, 665t
Martius fl ap, 494

in urethral reconstruction, 783, 784f, 789
in vesicovaginal fi stula, 798, 799f

Maximal urethral closure pressure, 138, 138f
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Maximum voided volume, 199
Mayer-Rokitansky-Küster-Hauser syndrome, 8
Medical history, in urinary incontinence, 82
Medulla, in urinary tract function, 33f, 36–37
Menometrorrhagia, 90f, 91f
Menstrual cycle, urodynamic changes with, 60
Mersilene, 613, 614t, 664, 665t, 666t
Mesh procedures. See Synthetic mesh procedures
Mesoderm, 664
Mesonephric duct, 3f, 664
Mesonephros, 4
Metabolic acidosis, enterocystoplasty and, 295
Metanephros, 4
Methantheline, in overactive bladder, 235
Metronidazole

in trichomoniasis, 863
in vaginosis, 862

Microballoon implantation, 356, 356f
Micturition, 32–37, 163–164, 163t

androgen and, 60
brain imaging in, 36f, 37
estrogen and, 60
excitatory neurotransmitters in, 37–38
functional brain imaging in, 37
historical studies of, 12
inhibitory neurotransmitters in, 38
medullary centers in, 36–37
midurethral anchoring point in, 422, 424f
mixed excitatory and inhibitory neurotransmitters in, 

38–39
neurotransmitters in, 37–39
pontine micturition center in, 34–35, 34f
radiography of, 695–696, 697f
spinal pathway in, 28–30, 29f, 32t, 35, 207, 207f
spinobulbospinal refl ex pathway in, 32t, 33–34, 33f, 34f
spinohypothalamic pathway in, 33f, 36
storage refl exes in, 32t, 33, 34f
suprapontine control in, 35–37
voiding refl exes in, 32t, 33–37, 34f

Micturitional urethral pressure profi lometry, 141
Mid-distal urethral slings, 430. See also Distal urethral 

polypropylene sling
Middle cerebral artery, experimental occlusion of, 39
Midodrine, in stress urinary incontinence, 247–248, 248
Midurethral sling, 421–429

bladder perforation and, 427
bleeding and, 427
clinical simulation of, 422–423, 425f, 426f
complications of, 426–428
delivery instrument diffi culty with, 426
external urethral ligament shortening in, 425
hammock tightening in, 425
historical perspective on, 421
in intrinsic urethral defi ciency, 329
midline vaginal approach to, 424–425, 427f
paraurethral approach to, 425, 427f
rectus sheath scarring and, 427
results of, 424
retention after, 493, 494f
retropubic fi brosis and, 426
subpubic approach to, 428–429, 428f
suprapubic approach to, 426
tape infection after, 427–428, 428f
tape lysis after, 493, 494f
tape obstruction after, 427
tape rejection after, 427
transobturator approach to, 425, 453–456, 453f

anatomy of, 454
anesthesia for, 454–455
complications of, 456
contraindications to, 454
cough test for, 455
incisions for, 455
in intrinsic urethral defi ciency, 329
in mixed urinary incontinence, 480
needle passage for, 455
outcomes of, 456

urinary tract injury with, 753
Military training, incontinence and, 217–218
Mind-body therapy, in chronic pelvic pain, 909
Mixed urinary incontinence, 477–483

defi nition of, 69–70, 77, 477
detrusor overactivity and, 478
epidemiology of, 477
etiology of, 477–478

Mixed urinary incontinence (Continued)
micturition refl ex in, 478
obesity and, 214
panic disorder and, 210
severity of, 477
treatment of, 479–483

anticholinergics in, 479
behavioral therapy in, 479–480
surgical, 330, 480–483

urethral obstruction after, 480
urge urinary incontinence after, 480–483
voiding dysfunction after, 480–483

urge component of, 481–482
urodynamic evaluation of, 479

Motor unit potential, 129, 130f
Mucocele, vaginal wall sling and, 369
Müllerian cyst, 877t, 878
Müllerian-inhibiting substance. See Anti-müllerian 

hormone
Müller’s tubercle, 3
Multiple sclerosis

bulbocavernosus refl ex testing in, 128f
detrusor overactivity in, 175, 175f
detrusor–external sphincter dyssynergia in, 175–176
renal insuffi ciency in, 176
urinary retention in, 187
voiding dysfunction in, 172, 175–176, 175f

capsaicin in, 259
oxybutynin in, 238

Multiple system atrophy, 128, 176
Muscarinic receptors, 234–235

detrusor, 47–48, 48f
urethral, 52

Muscle cells, 13–14, 13f
hypertrophy of, 17, 19–20, 19f, 20f
regeneration of, 16, 21
transjunctional degeneration of, 16

Musculotropic relaxants, 233t, 238–241
Myalgia, 871
Myelodysplasia, detrusor leak point pressure in, 392
Myelomeningocele, 238, 391, 392f
Myoblasts, autologous, injection of, 357, 1001–1002, 

1002f, 1003f
Myofi broblast, in urothelial-afferent communication, 30
Myopathy, electrodiagnostic testing in, 128

N
National Overactive Bladder Evaluation Program, 198
Needle suspension procedures, 362–372

advantages vs. disadvantages of, 371–372, 372t
anterior vaginal wall, 365–367, 366f, 367f, 368f
failure of, 372
four-corner bladder neck, 364–365, 365f
historical perspective on, 362–364, 363f, 363t, 364t, 

610
results of, 371–372, 371t, 610

Neobladder. See Orthotopic bladder
Neonate, cold water test in, 40
Nephrectomy, in ureterovaginal fi stula, 824
Nephric duct, 3, 4f
Nephrons, embryology of, 4–5
Nerve. See specifi c nerves
Nerve block

in pudendal neuropathy, 871, 912
in vestibular pain, 870

Nerve conduction study, 130–131
Nerve growth factor

in bladder outlet obstruction, 209
in C-fi ber bladder refl exes, 40
in spinal cord injury, 209

Neurectomy, 16
Neurogenic voiding dysfunction, 15–16, 172–177

ambulatory urodynamics in, 143
autonomous, 167b, 168
cerebrovascular accident and, 172, 176
cervical spondylosis and, 176–177
Lapides classifi cation of, 167–168, 167b
lower motor neuron lesion and, 16, 165–166, 166b
motor (motor paralytic bladder), 167, 167b
multiple sclerosis and, 172, 175–176, 175f, 267
multiple system atrophy and, 176
neurologic examination in, 173
Parkinson’s disease and, 172, 176

Neurogenic voiding dysfunction (Continued)
patient history in, 172
physical examination in, 172–173
refl ex, 167b, 168
sacral neuromodulation in, 267
sensory, 167, 167b
spinal cord injury and, 173–175, 173t, 174f
treatment of, 332
uninhibited, 167–168, 167b
upper motor neuron lesion and, 16, 165–166, 166b
video urodynamics in, 141

Neurologic examination
in neurogenic voiding dysfunction, 173
in overactive bladder, 200
in posterior vaginal wall prolapse, 731

Neuroma, vulvar, 869
Neuromodulation

in chronic pelvic pain, 910–911
in interstitial cystitis, 929
pharmacologic, 257–263, 258f, 258t, 262f. See also 

Botulinum toxin; Capsaicin; Resiniferatoxin
bladder innervation and, 257
mechanism of action of, 257–258, 258f
results of, 258–260
urothelial anatomy and, 257

posterior tibial nerve, 277–282. See also Posterior tibial 
nerve stimulation

pudendal nerve, 284–288. See also Pudendal nerve 
stimulation

sacral, 266–275. See also Sacral neuromodulation
Neuropeptide Y, 27t, 28
Neuroplasticity, bladder, 208–209, 208f
Neurotransmitters, 26–28, 27t, 29f

excitatory, 37–38
inhibitory, 38
in micturition, 37–39
mixed excitatory and inhibitory, 38–39
in sexual function, 518
in stress response system, 894

Nifedipine, 50
in overactive bladder, 233t, 241, 242

Nitric oxide
in detrusor overactivity, 245
micturition and, 38
in stress response system, 894
urethral function and, 27–28, 52–53, 53f

Nitric oxide synthase, 38
Nitrofurantoin, in urinary tract infection, 849t, 850
NK2 receptor antagonists, 38
Nocturia, 199

bumetanide in, 251
defi nition of, 197
in elderly patient, 944

Nocturnal enuresis, 77, 79, 79t
in diabetes insipidus, 251
imipramine in, 244
pediatric, 244, 251

Nonsteroidal anti-infl ammatory drugs, in interstitial 
cystitis, 927

Norepinephrine, 38
bladder effects of, 28

Norfenefrine, in stress urinary incontinence, 247
Nucleus gigantocellularis reticularis, in urinary tract 

function, 33f, 36–37
Nucleus raphe magnus, in urinary tract function, 33f, 

36–37
Nutrition. See also Diet

overactive bladder and, 215

O
Obesity

anti-incontinence surgery and, 332
mixed urinary incontinence and, 214
pelvic organ prolapse and, 530
stress urinary incontinence and, 214
urinary incontinence and, 70, 216

Obturator foramen, 454
Obturator nerve, 454

injury to, 488, 756
Omental interposition, in vesicovaginal fi stula, 798
Onuf’s nucleus, 50–51, 51f

degeneration of, 128, 176
Oophorectomy, 710, 712f, 900
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Orgasmic disorder, 507
Orthotopic bladder, 975–983

ileocecum for, 976, 981f–982f, 983
ileum for, 975–976, 977f–980f
Mainz pouch for, 976, 981f–982f, 983
stress incontinence after, 394, 395f
voiding dysfunction with, 184, 184t

Osteitis pubis
anti-incontinence surgery and, 491–492
transvaginal bone anchors and, 458

Osteomyelitis
anti-incontinence surgery and, 491–492
transvaginal bone anchors and, 458

Outcomes assessment, 147–155
combined measures for, 154–155, 154b
health-related quality of life in, 147
for pelvic organ prolapse, 338–346. See also Pelvic 

organ prolapse, outcome assessment for
questionnaires for, 147–154, 149t–150t

Ovary (ovaries)
embryology of, 5, 6f
imaging of, 95–96
polycystic disease of, 190
removal of, 710, 712f, 900

Overactive bladder, 197–202. See also Detrusor 
overactivity

bowel function and, 215–216
caffeine intake and, 214–215
defi nition of, 80, 170, 197, 198f, 204
diet and, 215
in elderly patient, 944–945
epidemiology of, 197–198, 199t, 204
evaluation of, 198–201

endoscopy in, 201
fl uid input/output charts in, 199–200
imaging in, 200–201
patient history in, 198–199
physical examination in, 200
postvoid residual urine in, 200
quality-of-life assessment in, 200
questionnaires for, 199, 199b
urinalysis in, 200
urodynamics in, 201

pathophysiology of, 204–210, 204f
adenosine triphosphate in, 206–207, 207f
blood fl ow in, 207
detrusor morphology in, 206, 206t
detrusor muscle in, 205–206, 205f, 205t, 206f, 206t
infl ammation in, 209
localized bladder wall distortions in, 206, 206f
nervous system in, 207–209, 207f, 208f
neuroplasticity and, 208–209, 208f
obstruction in, 209
psychological factors in, 209–210
urothelium in, 206–207, 207f

treatment of, 213–229
α-adrenergic agonists in, 247–248
β-adrenergic agonists in, 233t, 243, 248–249
β-adrenergic antagonists in, 248–249
anticholinergic agents in, 233t, 234–238
biofeedback therapy in, 220–225, 221f, 222f, 223f, 

224f
bladder retraining in, 218, 219–220
botulinum toxin in, 233t, 244–245, 260–263
calcium antagonists in, 233t, 241–242
cystometric biofeedback therapy in, 220–221, 221f
desmopressin acetate in, 251
diet in, 214–216
duloxetine in, 249
electrical stimulation in, 225–229, 226f, 227f
estrogens in, 249–250
fi tness activities and, 216–218
fl uid management in, 214
lifestyle interventions in, 213–218
musculotropic relaxants in, 233t, 238–241
oxybutynin in, 236
pelvic fl oor muscle biofeedback therapy in, 221–223, 

222f, 223f, 224f
pelvic fl oor muscle exercises in, 219–220, 219f
pharmacologic, 233–251, 233t. See also specifi c drugs
pharmacologic neuromodulation in, 257–263, 258f, 

258t, 262f
posterior tibial nerve stimulation in, 277–282, 279t
potassium channel openers in, 233t, 242
prostaglandin inhibitors in, 233t, 242–243

Overactive bladder (Continued)
sacral neuromodulation in, 266–275. See also Sacral 

neuromodulation
smoking cessation in, 213–214
solifenacin in, 237–238
terodiline in, 241–242
tolterodine in, 236
tricyclic antidepressants in, 233t, 243–244
trospium in, 241
vanilloids in, 233t, 245–247, 257–260. See also 

Capsaicin; Resiniferatoxin
weight reduction in, 214

Overactive Bladder Questionnaire, 149t, 152
Overfl ow incontinence, 78. See also Bladder outlet 

obstruction
Oxalate, vulvar pain and, 869
Oxybutynin

in detrusor overactivity, 238–240
intravesical instillation of, 239–240
in overactive bladder, 236, 238–240
side effects of, 238
transdermal, 240

P
Pad tests, 82
Paget’s disease, 866–867
Pain, 79–80

after anti-incontinence surgery, 489
after free vaginal wall sling, 383
bladder. See Cystitis, interstitial; Painful bladder 

syndrome; Pelvic pain, chronic
genital, 507, 513–514, 514f, 519–521, 520f. See also 

Vaginal pain; Vulvodynia
perineal, 80
referred, 888–889
urethral, 80
visceral, 888–889
visual analogue scale for, 344, 344f

Painful bladder syndrome, 80, 916–933. See also Cystitis, 
interstitial; Pelvic pain, chronic

diagnosis of, 921–923, 923t
epidemiology of, 917–921
etiology of, 921
pathophysiology of, 921
terminology of, 916
treatment of, 924–932, 924t, 926t, 928t

behavioral therapy in, 924–925
diet in, 925
hydrodistention in, 929–930
intravesical, 927–928
neuromodulation in, 929
pharmacologic, 925–927, 926t
physical therapy in, 928–929, 928t
surgery in, 929–932, 931t

Panic disorder, voiding dysfunction and, 210
Paradoxical relaxation therapy, 909–910
Paramesonephric (müllerian) duct, development of, 3–4
Parasympathetic nerves, sacral, 26–28, 26f, 27t, 30
Paravaginal defects, 109, 695f
Paravaginal fascia, 117
Parity. See also Childbirth

stress urinary incontinence and, 530
Parkinson’s disease

animal models for, 39
detrusor overactivity in, 39, 176
electrodiagnostic testing in, 128
electromyography in, 128
voiding dysfunction in, 172, 176

Patient history
in defecation dysfunction, 761
in neurogenic voiding dysfunction, 172
in overactive bladder, 198–199
in pelvic organ prolapse, 556–557
in urethrovaginal fi stula, 775
in urinary incontinence, 81–82
in urinary tract infection, 848
in vaginal pain, 860
in vesicovaginal fi stula, 794

PAX genes, in genitourinary abnormalities, 9
Pelvic diaphragm, 549
Pelvic examination, 82

in overactive bladder, 200
in pelvic organ prolapse, 83, 557–558

Pelvic examination (Continued)
in sexual dysfunction, 516
in urinary fi stula, 83

Pelvic fl oor, 542–551, 543f, 544f
anterior compartment of, 545–547, 546f, 547f, 548f, 

549f
apical segment of, 545, 545f, 546f
functional anatomy of, 542–545, 544f
innervation of, 551
muscles of, 549–551, 550t, 551f, 859–860
perineal membrane of, 547–548, 549f
posterior compartment of, 548, 550f

Pelvic Floor Distress Inventory, 339, 340f–341f, 342t, 344, 
346f

Pelvic Floor Impact Questionnaire, 339, 342f, 342t, 344, 
345f

Pelvic fl oor muscle exercises, 310–313
adherence to, 311
biofeedback with, 314–316. See also Biofeedback 

therapy
clinical studies of, 312–313
in fecal incontinence, 764
fl ick contraction, 315
hold contraction, 315
intensive contraction, 315
knack technique of, 310, 316
mechanism of action of, 312
in overactive bladder, 29–220, 219f
in stress urinary incontinence, 304–305
technique of, 311–312
in urinary incontinence, 956–957, 956t
vaginal cones with, 322

Pelvic fracture, urethral dysfunction with, 393–394, 394f
Pelvic infl ammatory disease, 96–98, 98f
Pelvic organ prolapse, 71–72, 81f, 81t, 336–347, 882–883. 

See also Cystocele; Enterocele; Rectocele; Uterine 
prolapse; Vaginal wall prolapse

abdominal leak point pressure and, 137
age and, 529–530
bladder outlet obstruction with, 188
bowel dysfunction and, 344, 530
childbirth and, 117, 534–536, 537–538, 553, 584
chronic obstructive pulmonary disease and, 530
cigarette smoking and, 530
classifi cation of, 558–559, 558f, 559f, 560f, 560t, 561f, 

706–707, 707f, 707t
clinical manifestations of, 71–72, 82, 536–538
collagen breakdown in, 531, 552
cystometry in, 588–589, 590f
defi nition of, 71, 80–81, 81f, 81t, 556
detrusor leak point pressure in, 589
detrusor overactivity and, 588–589, 590f
diagnosis of, 705–706, 869

bladder emptying testing in, 560–561
colpocystodefecography in, 564–565
colpocystourethrography in, 580
computed tomography in, 571, 580
defecation testing in, 561–562
defecography in, 564, 566f, 567f
dynamic magnetic resonance imaging in, 580–584, 

581f, 582f, 583f
dynamic proctography in, 580
fl uoroscopy in, 564–565, 565f
levator myography in, 579
magnetic resonance imaging in, 568–570, 569f, 570f, 

570t
patient history in, 556–557
pelvic examination in, 83
physical examination in, 557–558, 706
Scopette technique in, 626
split speculum in, 626
tests in, 559–562
ultrasonography in, 565–566, 568, 580
urinary evaluation in, 587. See also Pelvic organ 

prolapse, urodynamic study in
urodynamic study in, 587–592, 588f, 591f, 592f
videourodynamic study in, 142, 592–595, 592f, 593f, 

595f–600f
voiding cystourethrography in, 579–580, 579f

epidemiology of, 71–72, 527–531, 527f, 529f, 529t, 531f, 
556

genetics and, 531
H-line measurement in, 581–582, 581f
historical perspective on, 699–700
hysterectomy and, 530, 531f, 625
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Pelvic organ prolapse (Continued)
incidence of, 528
laparoscopic sacral colpopexy for, 719–723, 721f, 722f
leak point pressure in, 589
lifestyle and, 530–531
magnetic resonance imaging in, 568–570, 569f, 570f, 

570t
dynamic, 580–584, 581f, 582f, 583f

menopause and, 530
nonsurgical treatment of, 603–605. See also Pessary
obesity and, 530
occult stress urinary incontinence and, 586, 600, 625–

627, 626t
outcome assessment for, 338–346

Incontinence Impact Questionnaire for, 339
pain scales for, 344, 344f
Pelvic Floor Distress Inventory for, 339, 340f–341f, 

342t, 344, 346f
Pelvic Floor Impact Questionnaire for, 339, 342f, 

342t, 344, 345f
Pelvic Organ Prolapse/Urinary Incontinence Sexual 

Questionnaire for, 344, 346f
Prolapse Quality of Life questionnaire for, 339, 343f, 

344
Sexual History Form-12 for, 344
Urogenital Distress Inventory for, 339
visual analogue scales for, 344, 344f

pain with, 344, 868–869
pathophysiology of, 534–535, 551–553, 650, 699, 705

biomechanics of, 553
childbirth and, 534–535, 553
collagen in, 531, 552
elastin in, 552
hormone receptors in, 552–553
levator ani in, 553
nerve injury and, 553
smooth muscle in, 552

Pelvic Organ Prolapse Questionnaire descriptive 
system for, 336–338, 337f, 558–559, 558f, 559f, 
560f, 560t

Pelvic Organ Prolapse Questionnaire staging system for, 
338, 338f, 339f, 559, 560t

physical activity and, 530–531
pregnancy and, 533–535, 536–537
pressure-fl ow study in, 591–592, 592f
prevalence of, 528
psychosocial impact of, 72
pudendal nerve injury and, 553
quantifi cation of, 80, 81f, 81t, 336–338, 337f, 338f, 527, 

558–559, 558f, 559f, 560f, 560t
race and, 530
risk factors for, 528–531, 535–536
sexual dysfunction and, 344, 557
staging of, 338, 338f, 339f, 559, 560t, 707, 707t
stress urinary incontinence and, 586, 594, 594t, 595f–

600f, 600
surgical glove analogy of, 542, 543f
surgical history and, 530
ultrasonography of, 106, 106f, 107f, 108f, 109f, 117, 

117f, 118f
urethral pressure profi le in, 589, 591, 591f
urge urinary incontinence and, 586
urinary fl ow rate study in, 587–588, 588f
urinary tract symptoms with, 624–625
urodynamic study in, 587–592

cystometry on, 588–589
electromyography with, 592
fl ow rate on, 587–588, 588f
leak point pressure on, 589
pressure-fl ow study on, 591–592, 592f
urethral pressure profi le on, 589, 591, 591f

Pelvic Organ Prolapse Questionnaire/Quantifi cation 
System, 556

descriptive system of, 336–338, 337f, 558–559, 558f, 
559f, 560f, 560t

staging system of, 338, 338f, 339f, 559, 560t
Pelvic Organ Prolapse/Urinary Incontinence Sexual 

Questionnaire, 344, 346f
Pelvic pain, 79

chronic, 871–872, 885–889. See also Cystitis, interstitial
defi nitions of, 885
epidemiology of, 886, 889
hormonal status and, 889
hypothalamic-pituitary-adrenal axis in, 894–897, 

894f, 896f, 897f, 898f

Pelvic pain (Continued)
hypothalamic-pituitary-gonadal axis in, 897–901, 

898f, 898t, 899t, 900t
neuroanatomy of, 886–888, 887f
neuroendocrine factors in, 892–901, 892f, 893f
psychological factors in, 894, 895, 908–909
sympathoneural output in, 893–894, 893f
treatment of, 889, 905–912

biofeedback therapy in, 905–906
botulinum toxin in, 261–262, 911–912
electrical stimulation therapy in, 910–911
mind-body therapy in, 909
myofascial trigger point release therapy in, 906–

910, 906t, 908t
posterior tibial nerve stimulation in, 280
pudendal nerve block in, 912
sacral neuromodulation in, 267

visceral nociceptors in, 888–889
visceral sensitization in, 889

Pelvic plexus, 178
injury to, 188

Pelvic surgery. See also specifi c surgical procedures
voiding dysfunction after, 178–185, 184t, 188, 391–392

anatomy of, 178
cystoscopy in, 180
evaluation of, 179–180, 179f, 492–493
pathophysiology of, 178–179
physical examination in, 179
treatment of, 493–495, 494f, 495f, 497
video urodynamic study in, 179–180

voiding recovery after, 180
Pelvicol, 655–656, 657t
Pelvis, anatomy of, 542–551

anterior compartment, 542, 544f, 545–547, 546f, 547f, 
548f, 549f

apical segment, 545, 545f, 546f
endoplevic fascia, 547, 549f, 550–551
levator ani, 549–550, 550t, 551f
level I, 542, 544f, 545
level II, 542, 544, 544f
level III, 544, 544f
neural, 178, 551, 886–888, 887f
perineal membrane, 547–548, 548, 549f, 550f
posterior compartment, 542, 544f, 548, 550f

Pentosanpolysulfate sodium, in interstitial cystitis, 925–
926, 926t

Percutaneous neuromodulation, 277–282, 284–288. See 
also Posterior tibial nerve stimulation; Pudendal 
nerve stimulation

Perianal bulking agents, in fecal incontinence, 764
Pericardium, bovine, 658–659
Perigee transobturator mesh implant, 119–120, 119f, 120f
Perineal body, 729
Perineal hernia, 743–747. See also Perineocele

abdominal approach to, 746, 746t
anterior, 743, 743f, 744, 744t
classifi cation of, 743, 743f
clinical manifestations of, 744–745, 744t
combined approach to, 746
defi nition of, 743, 743f
epidemiology of, 743–744
etiology of, 743–744
evaluation of, 745
perineal approach to, 745–746, 746t
posterior, 743–744, 743f, 744t
primary, 743–744, 744t
sac of, 743
secondary, 744, 744t
supralevator, 743
translevator, 743
treatment of, 745–746, 746t

Perineal membrane, 547–548, 549f, 550f
Perineocele, 747–748, 747f

treatment of, 748, 748f, 749f
Perineorrhaphy, 733, 733f, 748, 748f
Perineum

hernia of. See Perineal hernia
hypermobility of, 106, 107f
pain in, 80
sympathetic skin response of, 131

Peritoneal fl ap, in vesicovaginal fi stula, 798
Peritoneum

hernia of. See Enterocele
operative injury to, 488

Periurethral cyst, 94f

Periurethral glands, infection of, urethral diverticula and, 
827

Permacol, 357, 655
Peroneal nerve injury, 756
Pessary, 603–605, 625–626

care of, 604
complications of, 868
follow-up for, 604–605
Gehrung, 626
Gellhorn, 626
indications for, 603
infl atable, 625
outcomes with, 605
patient selection for, 603
recommendations for, 605
ring, 626
Smith-Hodge, 626
space-occupying, 604
in stress urinary incontinence, 605t, 606–607, 606t
supportive, 603–604
website resources on, 604t

pH, vaginal, 510–511, 862
in candidiasis, 863

Phenylpropanolamine hydrochloride
adverse effects of, 248
in stress urinary incontinence, 247–248, 250

Phimosis, clitoral, 510, 511f, 519, 521
Phosphodiesterase type 5 inhibitors

in erectile dysfunction, 509
in female sexual dysfunction, 519

Physical activity. See also Exercise
pelvic organ prolapse and, 530–531

Physical examination
in defecation dysfunction, 761
in neurogenic voiding dysfunction, 172–173
in overactive bladder, 200
in pelvic organ prolapse, 557–558, 706
in rectocele, 737–738, 738f
in sexual dysfunction, 515–516, 516f
in urethral diverticula, 830, 830f
in urethrovaginal fi stula, 775
in urinary incontinence, 82–83
in urinary tract infection, 848
in vaginal pain, 860–861
in vesicovaginal fi stula, 794–795
in vulvodynia, 860–861

Pinacidil, in detrusor overactivity, 242
Pirenzepine, bladder effects of, 39
Pituitary adenylate cyclase activating polypeptide, 39
Plasticity, tissue, 553
PNU-200577, in overactive bladder, 235
Polycystic ovarian disease, 190
Polypropylene mesh, 613, 614f, 614t, 664, 664f, 665t. See 

also SPARC Sling System procedure
Polytetrafl uoroethylene injection, 351, 351t, 498
Polytetrafl uoroethylene mesh, 613, 614f, 614t, 664, 664f, 

665t
Polyuria

defi nition of, 199
nocturnal, 200

Pontine micturition center, 33, 34–35
Porcine graft. See Xenograft
Positive-pressure urethrography, in urethral diverticula, 

831, 831f
Positron emission tomography, in bladder function, 36f, 

37
Postanal repair, in fecal incontinence, 765
Posterior IVS procedure, 689–697

complications of, 693–694, 693t
functional restoration with, 694–696, 694t, 695f, 696f, 

697f
goals of, 689–690, 689f, 690f, 691f
hematoma with, 693
prolapse recurrence after, 693, 693t
rectal perforation with, 693–694
tape erosion with, 693
tape rejection with, 693
tissue fi xation system for, 694, 694f
in uterine prolapse, 692–693
in vaginal vault prolapse, 690–692, 691f, 692f

Posterior tibial nerve, 278
Posterior tibial nerve stimulation, 277–282

clinical trials of, 279–280, 279t
in detrusor hyperrefl exia, 280
historical perspective on, 278
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Posterior tibial nerve stimulation (Continued)
mechanism of action of, 278
in overactive bladder, 226, 226f, 227, 279–280, 279t, 

281
in pelvic pain, 279t, 280
results of, 281–282, 281b
technique of, 278

Postpartum depression, voiding dysfunction and, 210
Postvoid dribble, 79t
Postvoid residual urine volume

in elderly patient, 943
in overactive bladder, 200

Potassium, dietary, overactive bladder and, 215
Potassium channel, 50
Potassium channel openers, in detrusor overactivity, 242
Potassium chloride test, 894
Potassium sensitivity testing, in interstitial cystitis, 923, 

923t
Prednisolone, in interstitial cystitis, 896
Prednisone, in interstitial cystitis, 927
Prefrontal cortex, in urinary tract function, 37
Pregnancy. See also Childbirth

anti-incontinence surgery and, 333
asymptomatic bacteriuria of, 854–855
bladder capacity in, 534
Candida infection and, 862
pelvic organ prolapse and, 533–535, 536–537, 538
pudendal nerve terminal motor latency after, 534
stress response system in, 895–896, 896f
stress urinary incontinence and, 54, 303–305, 535, 536
urethral diverticula in, 841
urinary frequency in, 533
urinary tract infection in, 853–854, 854b
urinary tract physiology during, 54, 533–534
urodynamic study in, 533–534
vesical neck position after, 535

Premature ejaculation, 509–510
Pressure

bladder. See Cystometrography
intra-abdominal, 134–135, 134f, 316–317, 317f
leak point. See Leak point pressure
urethral. See Urethral pressure

Pressure-fl ow study
in elderly patient, 966–968, 967f, 968f, 969f
in pelvic organ prolapse, 591–592, 592f
in voiding evaluation, 140–141, 140f

Pressure transmission theory, 302
Prion infection, 611
Probiotics, in irritable bowel syndrome, 768
Proctography, dynamic, in pelvic organ prolapse, 580
Progesterone, bladder function and, 54
Progesterone receptor, 59
Progressive relaxation therapy, 909
Prokinetic agents, in irritable bowel syndrome, 768
Prolapse. See Pelvic organ prolapse
Prolapse Quality of Life questionnaire, 339, 343f, 344
Prolene mesh, 613, 615, 664, 666t

in enterocele repair, 685–686, 685f, 686f
Pronephros, 4
Propantheline, in overactive bladder, 235
Propiverine

in detrusor overactivity, 240, 241
in urge urinary incontinence, 241

Propranolol, in stress urinary incontinence, 248
Prostaglandin inhibitors

in detrusor overactivity, 243
in overactive bladder, 242–243

Prostatitis, stress management in, 909
Pruritus, vulvar, 863
Pseudo-dyssynergia, 189

vs. detrusor–external sphincter dyssynergia, 142
Pseudohermaphroditism

female, 5–6
male, 5, 6–7

Pseudorectocele, 106, 107f
Psychological factors

in chronic pelvic pain, 894, 895, 908–909
in overactive bladder, 209–210
in urinary incontinence, 71, 72, 942
in urinary retention, 189

Pubococcygeus muscle, 302, 549–550, 550t, 860
in postpartum urinary incontinence, 125–126

Puborectalis muscle, 302, 549–550, 550f, 550t, 551f
Pubourethral ligaments, 117, 302
Pubourethralis muscle, 302

Pubovaginal sling
autologous, 391–398. See also Pubovaginal sling, fascia 

lata; Vaginal wall sling
in acquired urethral incompetence, 392–395, 392f, 

393f, 394f, 395f, 396f
advantages of, 395–396
historical perspective on, 391, 609–610
in neuropathic urethral dysfunction, 391–392, 391f, 

392f
positioning for, 396
in recurrent stress urinary incontinence, 395–396
technique of, 396–398, 396f, 397f, 398f

bleeding with, 752
cadaveric fascia, 400–404, 610t

disease transmission with, 401
failure of, 402–403
fascia processing for, 400–401, 407–408, 610–611
immune response to, 402–403
infection transmission with, 611
long-term preservation processing for, 611
patient selection for, 400
recipient response to, 611
results of, 403–404, 403t, 408–409, 408t, 458, 612
stress incontinence after, 394, 396f
technique of, 401–402, 402f, 403f

fascia lata, 406–412, 610t
cadaveric, 406, 407–409, 408t, 411, 412, 458
complications of, 411–412, 412t
fascia harvest for, 409–410, 409f
historical perspective on, 406
indications for, 406–407
outcomes of, 408–409, 408t, 411, 412t
placement of, 410–411, 410f
recipient response to, 611
results of, 612
sling tension and, 411
sutures for, 411
technique of, 409–411, 409f, 410f

historical perspective on, 609–610
rectus fascia, 396–398, 396f, 397f, 398f, 407, 609, 610
urethrovaginal fi stula and, 779, 780f
with vaginal prolapse repair, 627
voiding dysfunction after, 181–183, 331, 493–494, 495f, 

496t
xenograft, 610t, 611

recipient response to, 612–613
results of, 612–613

Pudendal canal syndrome, 870
Pudendal nerve, 302

afferent pathways in, 30
anatomy of, 284, 285f, 551
anesthetic block of, 912
compression entrapment of, 912
decompression of, 912
efferent pathways in, 28
electrodiagnostic testing of, 127–128
injury to

childbirth-related, 304, 306, 534, 535–536
pelvic organ prolapse and, 553

somatosensory evoked potentials of, 131
in sexual dysfunction, 127

Pudendal nerve stimulation, 284–288
implantable microstimulator for, 284, 285f, 287–288, 288f
in interstitial cystitis, 929
outcomes of, 287, 288
patient selection for, 284–285
tined quadripolar lead for, 284, 285–287, 285f, 286f

Pudendal nerve terminal motor latency, 130
in defecatory dysfunction, 762
postpartum, 126, 534

Pudendal neuropathy, 870–871
Purinergic receptors, 49
Pyelography

intravenous, 86, 87f, 88, 88f, 795
retrograde, 89

Pyelonephritis, 852, 852f, 852t
Pyosalpinx, 97–98
Pyridium test, 83

Q
Q-tip test, 82–83

in sexual dysfunction, 516
in vestibulitis, 869–870

Quality of life
overactive bladder and, 200
urinary incontinence and, 71

Quality-of-Life Questionnaire for Urinary Urge 
Incontinence, 149t, 152

Questionnaires, 82
clinical correlation with, 153–154
for cystitis, 923
guidelines for, 153–154
objective measures with, 154–155, 154b
for outcomes assessment, 147–154, 149t–150t
for overactive bladder assessment, 199, 199b
reliability of, 148
for sexual dysfunction, 344, 346f
for stress vs. urgency urinary incontinence, 149–150
symptom-impact, 151–153
symptom-quantifying, 150–151
validity of, 148

R
Race

pelvic organ prolapse and, 530
urethral diverticula and, 827
urinary incontinence and, 941

Radiation therapy
anti-incontinence surgery and, 332–333
bladder effects of, 189
urethral dysfunction after, 393, 394f

Radiofrequency therapy, 463–467
energy-tissue interactions in, 463–464
laparoscopic, 464
principles of, 463
results of, 464–465, 465t
technique of, 464
transurethral, 465, 466f, 466t

Radiography, 86, 87f
of micturition, 695–696, 696f
in perineal hernia, 745

Raloxifene, pelvic organ prolapse and, 552
Raz bladder neck suspension, 362, 363, 363f, 364–365, 

365f
Receptor(s)

acetylcholine, 27, 27t, 47–48, 48f
α-adrenoceptor, 27t, 28, 48, 51–52
β-adrenoceptor, 27t, 28, 48–49, 52
androgen, 59, 60
dopaminergic, 38
estrogen, 59, 60, 512, 552–553
muscarinic, 27t, 47–48, 48f, 52, 234–235
purinergic, 27t, 49
P2X, 27, 27t, 29, 29f, 30
TRPV1, 49
vanilloid, 49

Rectal prolapse, 768–770. See also Rectocele
complete, 768, 769f
etiopathology of, 768
evaluation of, 768
mucosal, 768, 769f
treatment of, 768–770

Rectocele, 730f. See also Pelvic organ prolapse
Baden-Walker classifi cation of, 738, 738t
bowel injury and, 754
cadaveric fascia repair in, 737–742, 739f, 740f, 

741t
care after, 741, 741t
complications of, 741
evaluation for, 737–739, 738t, 783f
preparation for, 739
results of, 741
technique of, 739–740, 739f, 740f
Tutoplast for, 737

clinical manifestations of, 730–731
colporrhaphy in, 731–732, 732f, 734, 734t, 735
defecation and, 731
defect-specifi c repair in, 732–733, 732f, 733f
evaluation of, 737–739, 738t, 783f
imaging of, 574–575, 575f, 576f
magnetic resonance imaging in, 575, 576f

dynamic, 581–582, 582f
mesh repair for, 685–686
perineorrhaphy in, 733, 733f, 734
physical examination of, 731, 737–738, 738f
sexual function and, 730–731
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Rectocele (Continued)
ultrasonography of, 106, 107f, 117, 118f
urinary tract symptoms with, 625

Rectopexy
abdominal, 769–770
laparoscopic, 770
suture, 769

Rectosigmoid pouch, 987
Rectosigmoidectomy, perineal, 770
Rectovaginal fi stula, 816–820, 873

evaluation of, 816
Latzko technique in, 819
pathophysiology of, 816
preoperative considerations in, 816–817
repair of, 817–820, 817f, 818f

Rectum
examination of, in overactive bladder, 200
injury to

with posterior sling procedure, 693–694
with vaginal hysterectomy, 716

innervation of, 886–887, 887f
prolapse of. See Rectal prolapse; Rectocele

Refl ex(es)
bulbocavernosus, 83, 130, 173

electrophysiologic evaluation of, 127, 128f, 
131

C-fi ber, 40
lower urinary tract, 32–37, 32t, 34f
spinal, 32t, 35
spinobulbospinal, 32t, 33–34, 34f, 35f
storage, 32t, 33, 34f
vesicosympathetic, 33
voiding, 32t, 33–37, 34f, 35f

Regenerative medicine. See also Tissue engineering
nuclear transfer for, 1004–1005
stem cells for, 1003–1004

Reliability, of questionnaire, 148
Resiniferatoxin

in detrusor overactivity, 208–209, 246–247, 259–260
in interstitial cystitis, 259, 928
intravesical, 257–260, 258f
mechanism of action of, 49
in overactive bladder, 245–247, 257–258, 259–260

Responsiveness, of questionnaire, 148
Retention. See Urinary retention
Retrograde pyelography, 89
Right colonic reservoir with stapled ileal outlet, 985
Ripstein’s procedure, 769
Rotational full-thickness labial fl ap, in vesicovaginal 

fi stula, 799

S
Sacral colpopexy

laparoscopic, 687, 719–723
anatomy for, 719
care after, 720
complications of, 722–723
incisions for, 720
indications for, 719
instrumentation for, 719–720
results of, 722–723
sutures for, 720
technique of, 720–722, 721f, 722f

open, 619–620, 619t, 687, 724–728
anatomy for, 724
complications of, 726–728, 727t
hysterectomy with, 620
indications for, 724
mesh erosion after, 727, 727t
results of, 725–726, 726t, 727t
technique of, 724–725
voiding dysfunction after, 183

Sacral dermatomes, 83
Sacral neuromodulation, 130, 266–275

anesthesia for, 267–268
in chronic pelvic pain, 910–911
completion phase for, 272, 272f, 273f
in constipation, 766
device-related pain with, 273
in fecal incontinence, 764
fl uoroscopy for, 268–269, 268f, 269f
foramen selection for, 268
in idiopathic urinary retention, 127, 191–192

Sacral neuromodulation (Continued)
implantable pulse generator implantation for, 272, 272f, 

273f
indications for, 266–267
in interstitial cystitis, 267, 929
lead–lead extension connection for, 270–272, 271f
local anesthesia for, 268
magnetic resonance imaging precautions with, 273
mechanism of action of, 266, 266f, 267b
in multiple sclerosis, 267
needle positioning for, 268–269, 268f, 269f
in neurogenic voiding dysfunction, 267
in overactive bladder, 266–267
patient positioning for, 268, 268f
patient preparation for, 267
in pelvic pain, 267, 910–911
programming for, 272, 272f, 273f
results of, 273–275, 274f, 275f
revision of, 273
safety of, 275
in spinal cord injury, 267
staged lead implantation for, 267
stimulation testing for, 269, 269t
technique of, 267–272
tined lead positioning for, 269–270, 270f, 271f
troubleshooting for, 272–273
wound infection with, 273

Sacral plexus, 887–888, 887f
electrodiagnostic testing of, 127–128

Sacral refl exes, electrophysiologic evaluation of, 128f, 
130–131

Sacral spinal cord, 26–30, 26f
brain connections with, 30–32, 31f, 32f

Sacropexy, infracoccygeal. See Posterior IVS procedure
Sacrospinous ligament suspension, 673–680

vs. abdominal procedures, 679
anatomy for, 674
anterior vaginal wall support with, 679
bilateral, 673–674
bleeding with, 751
complications of, 677–678
in cystocele, 687
historical perspective on, 673
indications for, 674
ligament exposure for, 675–676, 676f, 677f
long-term outcome of, 680
outcomes of, 678–680, 678t
perioperative considerations in, 675
preoperative considerations in, 675
sexual function after, 680
suture placement in, 676–677
unilateral, 673
vaginal apex support with, 678–679, 678t
voiding dysfunction after, 184

Sacrouterine fi xation, transvaginal, in enterocele, 684–685
Sarcolemma, 13
Sarcoplasm, 13f, 14

degeneration of, 17, 18f
Satellite cells, 1001, 1002f
Scopette technique, in pelvic organ prolapse, 626
Scopolamine

in detrusor overactivity, 234
in overactive bladder, 235

Scoville heat unit scale, 258, 258t
SEAPI QMM quality-of-life index, 154–155
Secca procedure, 764
Sensitivity, of questionnaire, 148
Sensory evoked potentials, in sexual dysfunction, 127
Sensory urgency, 80
Severity Index, 150–151, 150t
Severity Index & Symptom Impact Index, 150t, 151
Sex hormone binding globulin assay, 517
Sexual activity, urinary tract infection and, 848, 851–852
Sexual arousal disorder, 507
Sexual aversion disorder, 507
Sexual dysfunction, 505–521

after anti-incontinence surgery, 488
age-related genitalia changes and, 506f, 510–511, 511f
classifi cation of, 507
clinical continuum of, 508–509, 508f
dermatologic disorders and, 513, 513f
diagnosis of, 514–517

bimanual examination in, 516
laboratory testing in, 517
medical history in, 515

Sexual dysfunction (Continued)
physical examination in, 515–516, 516f
psychosocial history in, 515
Q-tip cotton swab test in, 516
sexual history in, 514–515

electrodiagnostic testing in, 127
epidemiology of, 507–509, 507t
genital pain and, 507, 513–514, 514f, 519–521, 520f
interstitial cystitis and, 513
male partner and, 509–510, 510f
pathophysiology of, 509–514, 510f, 511f, 513f, 514f
pelvic fl oor disorders and, 512, 520
pelvic fl oor tone and, 512, 520
pelvic organ prolapse and, 557, 730–731, 735
posterior vaginal wall prolapse and, 730–731, 735
questionnaire evaluation of, 344, 346f
subclinical, 508–509, 508f
treatment of, 517–519

hormonal, 517–518
vasodilator, 518–519

urethral prolapse and, 521
urethritis and, 512–513
urinary tract infection and, 512–513

Sexual health, 505–506
Sexual history, 514–515
Sexual History Form-12, 344
Sexual interest/desire disorder, 507
Sexually transmitted diseases, 863, 864–865, 872
Shy-Drager syndrome. See Multiple system atrophy
Silicone mesh, 613, 615, 615t
Silicone microimplant (Macroplastique), 352, 354, 354f, 

355t
ultrasonography of, 106, 109f

Skene’s duct cyst, 95, 834–835, 834f, 877t, 879, 880f
Sling. See Pubovaginal sling
Sodium hyaluronate, in interstitial cystitis, 927–928
Solifenacin, in overactive bladder, 237–238
Somatosensory evoked potentials, cerebral, 131
SPARC Sling System procedure, 435–442, 435f, 614f

anesthesia for, 436
care after, 441–442
closure in, 440
complications of, 442
concomitant repairs with, 441
cystoscopy for, 438
incisions for, 436, 436f
mechanism of action of, 435–436
needle passage for, 437, 437f, 438f, 439f, 440f
positioning for, 436
retention after, 441–442
sling attachment and transfer in, 438–439, 440f
sling extrusion after, 442
sling tensioning and fi xation in, 440, 441f, 442f
urethrolysis after, 442
voiding trial after, 441

Spasm, vaginal, 871
Specifi city, of questionnaire, 148
Spermicide, urinary tract infection and, 848
Sphincteroplasty, in fecal incontinence, 764–765
Spinal cord

sacral, 26–30, 26f
brain connections with, 30–32, 31f, 32f

thoracolumbar, 28
Spinal cord injury

autonomic dysrefl exia after, 174
C-fi ber bladder refl exes in, 40
capsaicin in, 259
classifi cation of, 173t
cold water testing in, 39–40
cystourethrography in, 391f
detrusor overactivity after, 209
detrusor–external sphincter dyssynergia after, 174, 174f
hand function in, 173
refl ex pathways in, 39–40
sacral, 174–175
suprasacral, 173–174, 174f
urethral dysfunction in, 392, 393f
urinary retention after, 174–175
urinary tract infection in, 854
urothelial changes with, 40
voiding dysfunction after, 169, 173–175, 173t, 174f

Bors-Comarr classifi cation of, 165–166, 166b
Spinal cord stimulation, in chronic pelvic pain, 911
Spinal interneurons, 30–31
Spinobulbospinal micturition refl ex, 33–34, 35f, 36f
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Spiral sling, 469–472, 470f, 471f
Spondylosis, cervical, voiding dysfunction and, 176–177
SRY gene, 5
Stapled transanal rectal resection, in constipation, 766
Stem cells, 1003–1004
Stress, chronic pelvic pain and, 908–909
Stress hyperrefl exia, 79, 84
Stress Incontinence Questionnaire, 150, 150t
Stress response system, 893–901, 893f

hypothalamic-pituitary-adrenal axis in, 894–897, 894f, 
896f, 896t, 897f

hypothalamic-pituitary-gonadal axis in, 897–901, 898t, 
899t, 900f

in pregnancy, 895–896, 896f
sympathoneural output in, 893–894, 893f

Stress urinary incontinence. See also Urinary incontinence, 
clinical evaluation of

abdominal leak point pressure in, 137
after orthotopic neobladder construction, 394, 395f
after pubovaginal sling placement, 411
after sling erosion, 394–395, 396f
cigarette smoking and, 213–214
color Doppler ultrasonography in, 103, 104f
defi nition of, 69, 77, 79
estrogen depletion and, 61
estrogen therapy in, 62, 62t
exercise and, 216–218
hammock hypothesis of, 165
imaging in, 306–307
intrinsic sphincter defi ciency in, 306, 328–329
magnetic resonance imaging in, 306
obesity and, 214
occult, 82, 625–627, 626t
parity and, 535
pathophysiology of, 50–51, 164–165, 301–307

childbirth and, 303–305
connective tissue in, 305
integral theory of, 305, 310
intrinsic sphincter defi ciency and, 306
pregnancy and, 303–305
risk factors in, 70–71
suspension bridge analogy in, 421, 421f
urethral hypermobility and, 305–306
urethral sphincter in, 301–302
urethral support systems in, 302–303, 302f, 303f

pelvic organ prolapse and, 586, 594, 594t, 595f–600f, 
600

pessary-related, 625–626
postpartum, 303–305, 394, 394f, 535–536

cesarean section and, 536
clinical presentation of, 536–537
instrument-assisted delivery and, 536

pregnancy and, 54, 303–305, 536
prevalence of, 609
pseudourgency syndrome with, 478
psychosocial factors in, 71
recurrent/refractory, 329–330, 469–475

after free vaginal wall sling, 383–384
artifi cial urinary sphincter for, 472–475, 472f, 473f, 

474f, 475f
spiral sling for, 469–472, 470f, 471f

treatment of
α-adrenergic agonists in, 247–248
β-adrenergic antagonists in, 248
artifi cial urinary sphincter in, 472–475, 472f, 473f, 

474f, 475f, 497
biofeedback therapy in, 313–318, 314f, 315f, 316f, 

317f, 318f
duloxetine in, 249
electrical stimulation in, 318–322, 320f
estrogens in, 249–250
intravaginal resistance devices in, 322
myoblast injection in, 1001–1002, 1002f, 1003f
nonsurgical, 605–607, 605t, 606t
pelvic fl oor muscle exercises in, 304–305, 310–313. 

See also Pelvic fl oor muscle exercises
postoperative interventions in, 322
radiofrequency, 463–467, 465t, 466f, 467t
surgical, 327–333. See also specifi c surgical procedures

age and, 331–332
bladder injury with, 487
bleeding and, 486–487
body mass index and, 332
bowel injury with, 488
calculus formation after, 490, 490f

Stress urinary incontinence (Continued)
colpocystourethropexy in, 385–389, 387f, 388f
complications of, 489–496
concomitant procedures with, 331
distal urethral polypropylene sling in, 430–433, 

431f, 432f, 433f
fi stula after, 488, 488f
free vaginal wall sling in, 379–384, 380f, 381f, 382f, 

383f
intraoperative complications of, 486–488
intrinsic urethral defi ciency and, 328–329, 406–407
irritative voiding symptoms after, 495–496
mean urethral closure pressure and, 407
midurethral sling in, 421–429. See also Midurethral 

sling
mixed incontinence and, 330
needle suspensions in, 362–372. See also Needle 

suspension procedures
nerve injury with, 488
neurologic disease and, 332
osteitis pubis after, 491–492
osteomyelitis after, 491–492
outcomes of. See Outcomes assessment; 

Questionnaires
outlet obstruction after, 492–495, 494f, 495f, 496t, 

497f
pain after, 489
patient expectations for, 153–154
patient information on, 406–407
pregnancy and, 333
pubovaginal sling in, 391–398, 400–404, 406–412. 

See also Pubovaginal sling
radiation therapy and, 332–333
recurrent incontinence and, 329–330
selection of, 327
in situ vaginal wall sling in, 375–378, 376f, 377f
SPARC Sling System in, 435–442, 435f. See also 

SPARC Sling System procedure
spiral sling in, 469–472, 470f, 471f
tension-free vaginal tape procedure in, 415–418, 

415f, 416f, 417t, 418t. See also Tension-free 
vaginal tape procedures

transvaginal sling in, 457–462, 459f, 460f, 461t
ureteral injury with, 487–488, 487t
urethral erosions after, 490t, 491, 491f
urethral hypermobility and, 329, 407
urethral injury with, 487
urinary tract injury with, 753–754
vaginal extrusion after, 490–491, 490t, 491f
voiding dysfunction after, 181–183, 330–331, 489, 

489t, 492–495
tissue engineering in, 998–1005, 998t, 1002f, 1003f
urethral bulking agents in, 348–358. See also Bulking 

agent injection
ultrasonography in, 306–307
urethral hypermobility in, 137, 164–165, 305–306, 329, 

407
urethral tone in, 50–51
urodynamic evaluation in, 134. See also Urodynamic 

testing
vaginal prolapse and, 556
video urodynamics in, 141–142, 141t

Stroke
detrusor overactivity after, 176
urinary retention after, 176
voiding dysfunction after, 39, 169, 172, 176

Substance P, 38
Suburothelium, afferent signaling from, 50
Suprapubic tube, postoperative, 489
Sympathetic nerves, thoracolumbar, 28
Sympathetic skin response, 131
Symptom Impact Index, 150t, 151
Symptom Impact Index for Stress Incontinence in 

Women, 150t
Synthetic mesh procedures, 662–670, 666f, 668f, 669f. See 

also SPARC Sling System procedure; Tension-free 
vaginal tape procedures

for anterior compartment, 616–619, 617t, 618t
for apical support, 619–620, 619t
complications of, 755–756
for cystocele repair, 662–670, 666f, 668f, 669f
erosion/extrusion after, 615–616, 615t
materials for, 613–615, 614f, 614t, 663–665, 664f, 665f, 

665t, 666t
results of, 615–616, 615t

T
Tamoxifen, pelvic organ prolapse and, 552
Tampon, in urinary incontinence, 606
Tamsulosin, in idiopathic urinary retention, 191
Tea drinking, urinary incontinence and, 216
Tegaserod, in irritable bowel syndrome, 767
Tension-free vaginal tape procedures, 415–418, 614f

bladder perforation with, 179, 179f, 418, 487
bleeding with, 486–487
complications of, 416–418, 418t, 444, 451, 451t, 453
connective tissue response in, 416–417
infection after, 489
in intrinsic sphincter defi ciency, 328, 444–445
Mersilene-related rejection in, 416
in mixed urinary incontinence, 330, 480
outcomes of, 417–418, 417t, 447–451, 449t, 450t, 451t, 

615, 615t
percutaneous, 444–451

care after, 447
complications of, 451, 451t
cystoscopy for, 446
patient selection for, 444–445
results of, 447–451, 449t, 450t
safety of, 448
sutures for, 446–447, 447f
technique of, 445–447, 445f, 446f, 447f

prolapse surgery with, 331, 627–628
in recurrent stress urinary incontinence, 329–330
in stress urinary incontinence, 415–418, 415f, 416f, 

417t, 418t, 615–616, 615t
technique of, 415, 415f, 416f
ultrasonography of, 108–109, 108f, 109f, 118–119, 

118f
urethral erosion with, 179, 179f
in urethral hypermobility, 329
urinary retention after, 489, 489t, 493, 494f
urodynamic study after, 416
vaginal extrusion after, 490–491, 490t, 491f
with vaginal prolapse repair, 627–628

Terbutaline
in bladder overactivity, 243
mechanism of action of, 49
in urge urinary incontinence, 243

Terodiline
in detrusor overactivity, 242
in overactive bladder, 233t, 241–242
in urge urinary incontinence, 241–242

Test-retest reliability, of questionnaire, 148
Testis (testes)

descent of, 6, 7f
embryology of, 5, 6f

Testosterone
assay of, 517, 897t, 898–899
embryologic function of, 6, 7f
in sexual dysfunction, 518

Thiphenamil hydrochloride, in detrusor overactivity, 
245

Thoracolumbar nerve, sympathetic, 28
Tissue engineering, 998–1005, 998t, 1002f, 1003f

acellular matrices in, 1000
alginate in, 1000
angiogenic factors in, 999
biomaterials in, 999, 999t
of bladder, 1000–1001
cells for, 998–999
collagen in, 1000
synthetic polymers in, 1000
of urethra, 1000
of uterus, 1001
of vagina, 1001

Tissue fi xation system, for posterior sling procedure, 694, 
694f

Tolterodine
in mixed urinary incontinence, 479
in overactive bladder, 235–236
side effects of, 236

Tomoxetine, in bladder overactivity, 243
Transcutaneous electrical nerve stimulation

in chronic pelvic pain, 910
in overactive bladder, 225–226, 226f, 227

Transobturator mesh repair, in cystocele, 667, 668f, 669f, 
670f, 670t

Transobturator midurethral sling, 425, 453–456, 453f. 
See also Midurethral sling, transobturator 
approach to
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Transplantation
donor guidelines for, 401
fascia. See Pubovaginal sling, cadaveric; Transvaginal 

fascial sling, cadaveric
Transurethral suture cystorrhaphy, in vesicovaginal fi stula, 

797–798
Transvaginal fascial sling, cadaveric, 457–462

bone anchors for, 458, 459, 459f
care after, 460–461
complications of, 458, 487
fascia preparation for, 457–458
preoperative evaluation for, 457, 457t
preoperative preparation for, 458
results of, 461–462, 461f, 461t
technique of, 459–460, 459f, 460f

Transverse colonic pouch, 984–985, 989f
Trauma

urethral diverticula and, 827
urethrovaginal fi stula and, 775
vaginal, 868
vulvar, 868

Treadmill, for biofeedback, 317, 318f
Trichomoniasis, 863
Tricyclic antidepressants. See Antidepressants
Trigger point(s), 871, 906–907

defi nition of, 907
historical perspective on, 906t, 907
inactivation of, 907–908
injection inactivation of, 908
manual inactivation of, 907–908
mapping of, 907, 908t
mental inactivation of, 909
psychological factors in, 908–909
testing for, 907

Trigger point release therapy, 906–910
paradoxical relaxation therapy with, 909–910

Trimethoprim-sulfamethoxazole, in urinary tract 
infection, 849–850, 849t

Trospium, in detrusor overactivity, 240–241
TRPV1 receptor, 49
Tube graft, in urethral reconstruction, 785, 

788f–789f
Tumors. See also Cancer

urethral diverticula and, 841
Tutoplast, 457–458

U
Ultrasonography, 89–90, 90f, 91f, 100–121

in cystocele, 651
in defecatory dysfunction, 762, 762f
endoanal, in pelvic organ prolapse, 565
in endometriosis, 95, 97f
in enterocele, 573–574
four-dimensional, 112–113, 113f, 114f
in idiopathic urinary retention, 190
in pelvic infl ammatory disease, 97
in pelvic organ prolapse, 565–566, 568, 580
perineal, 568
of periurethral cyst, 94f
speckle reduction technique in, 111f, 112
in stress urinary incontinence, 306–307
three-dimensional, 109–111

of levator ani complex, 114–117, 115f, 116f
methodology of, 109–111, 111f
of paravaginal supports, 117
of pelvic prolapse, 117, 117f, 118f
of synthetic implants, 117–120, 118f, 119f, 120f
of urethra, 113–114

tomographic (multislice), 112–113, 113f, 114f
transvaginal, 565–566
two-dimensional, 100–109

in bladder cancer, 109, 110f
of bladder neck position, 101–103, 102f, 103f
of bladder wall thickness, 103–104, 105f
color Doppler, 103, 104f
in cystocele, 103, 104f
in Gartner duct cyst, 109, 109f
in hematoma, 109, 110f
vs. lateral urethrocystrography, 101, 101f
of levator activity, 104–106, 105f
methodology of, 100–101, 100f
in paravaginal defects, 109
in pelvic prolapse, 106, 106f, 107f, 108f, 109f

Ultrasonography (Continued)
of synthetic materials, 106, 108–109, 108f, 109f
of urethral funneling, 103, 103f

in urethral diverticula, 106, 108f, 833
Unconscious urinary incontinence, 79, 79t
Unstable bladder, 197. See also Overactive bladder
Ureter

development of, 3–4, 4f
ectopic, 83
embryology of, 4–5
operative injury to, 487–488, 487t

with vaginal hysterectomy, 715–716
with vaginal surgery, 752–754

Ureteric bud, 3–4
Ureterocele, ectopic, 877t, 882
Ureterocystoplasty, 295
Ureteroneocystostomy, in ureterovaginal fi stula, 823–824, 

823f
Ureterovaginal fi stula, 821–824

clinical presentation of, 821
defi nition of, 821
endoscopic stent placement for, 822–823
evaluation of, 83, 821–822, 822f
incidence of, 821
nephrectomy for, 824
surgical therapy for, 823–824, 823f
ureteroneocystostomy for, 823–824, 823f

Urethra
adrenergic innervation of, 51
afferent pathways of, 29
age-related changes in, 519
alpha-adenoceptors of, 51–52
anatomy of, 301–303, 301f, 302f, 422, 422f, 825–826, 

826f
beta-adenoceptors of, 52
bulking agent injection of, 348–358. See also Bulking 

agent injection
caruncle of, 835, 877t, 880–881, 882f
cholinergic innervation of, 51
closure of, 422, 423f, 424f
diverticula of. See Urethral diverticula
dynamic anatomy of, 422, 423f, 424f
dysfunction of

acquired, 392–395, 393f, 394f, 395f, 396f
after cadaveric sling, 392, 393f
after diverticulectomy, 392, 392f
catheter-related, 392–393, 393f
neuropathic, 391–392, 391f, 392f
pelvic fracture and, 393–394, 394f
postpartum, 394, 394f
radiation therapy–related, 393, 394f

erosion of, surgery-related, 179, 179f, 490t, 491, 491f
estrogen effects on, 60
estrogen receptors of, 59, 60
expulsive force on, 307
fi brosis of, buccal mucosa graft for, 793
funneling of, 103, 103f
hypermobility of

defi nition of, 78
pathophysiology of, 164–165
in stress urinary incontinence, 137, 305–306, 329

injury to, 487, 782–793
diagnosis of, 782–783
etiology of, 752–754, 782, 791t
surgical management of, 783–789. See also Urethra, 

reconstruction of
with vaginal surgery, 752–754

innervation of, 26–30, 26f, 27t, 51
instability of, 165
intra-abdominal pressure effects on, 307
mechanosensitive afferents from, 29
muscarinic receptors of, 52
nitric oxide effect on, 27–28, 52–53, 53f
parasympathetic nerves of, 27–28, 27t
pressure transmission theory of, 302
prolapse of, 835
reconstruction of, 783–789

advancement fl ap in, 785, 787f
bladder fl ap in, 792–793, 792f
buccal mucosa graft in, 793
care after, 789
indications for, 783
labia minora pedicle graft in, 785, 789, 790f
labial fat pad graft in, 783, 784f, 789
primary closure in, 785, 785f–786f

Urethra (Continued)
principles of, 783, 784f
results of, 790–792, 790t
technique of, 783, 785–789
timing of, 783
tube graft in, 785, 788f–789f

shearing force on, 307
sling erosion into, stress urinary incontinence with, 

394–395, 396f
somatic efferent pathway to, 28
suture closure of, 785, 785f–786f
tissue engineering of, 1000
tone of, 50–51, 51f
ultrasonography of, 113–114
ultrastructure of, 13–15
urine leakage through, 103, 104f

Urethral caruncle, 835, 877t, 880–881, 882f
Urethral dilation, urinary retention after, 189
Urethral diverticula, 825–841, 825f, 881–882, 883f

anatomy of, 827–829, 828f, 829t
bilobed, 828
calculus within, 841, 841f
classifi cation of, 835–836
clinical presentation of, 829, 829b
cystourethroscopy in, 830
differential diagnosis of, 834–835, 834f
etiology of, 826–827, 826f
evaluation of, 829–831, 830f
excision and reconstruction for, 779, 836–841, 836b

care after, 838
complications of, 838–840, 839b
symptom recurrence after, 840
technique of, 837–838, 837f, 838f, 839f, 840f
urethral dysfunction after, 392, 392f
urethrovaginal fi stula after, 839–840, 840f

infection and, 827
intravenous urography in, 833
magnetic resonance imaging in, 828f, 833, 833f, 834f
pathophysiology of, 826–827, 826f
physical examination in, 830, 830f
positive-pressure urethrography in, 831, 831f
in pregnancy, 841
prevalence of, 827
race and, 827
trauma and, 827
tumors and, 841
ultrasonography in, 106, 108f, 833
urinalysis in, 830
urodynamics in, 830–831
vaginal atrophy and, 830
voiding cystourethrography in, 831–832, 831f, 832f

Urethral insert, 606
Urethral pain syndrome, 80
Urethral pressure. See also Urethral pressure profi lometry

during bladder fi lling, 163
in elderly patient, 949
in idiopathic urinary retention, 190
in pelvic organ prolapse, 589, 591, 591f
pudendal nerve in, 28
resting, 137–138, 138f
stress, 138, 139f

Urethral pressure profi lometry, 137–138, 138f, 139f
in elderly patient, 943, 963–964
in pelvic organ prolapse, 589, 591, 591f
resting, 137–138, 138f
stress, 138, 139f

Urethral sphincter, 161. See also Urethra
electromyography of, 142

in elderly patient, 968–969
in pelvic organ prolapse, 592
in postpartum urinary incontinence, 126
in urinary retention, 126, 126f, 189–190

function of, 33, 34f, 35f, 301–302
myoblast injection into, 1001–1002, 1002f, 1003f
nonrelaxing, 169
spasticity of, 189
ultrastructure of, 13–15

Urethral suction caps, 606
Urethrocystography, lateral, vs. two-dimensional 

ultrasonography, 101, 101f
Urethrography, 89
Urethrolysis, 181–183, 183t

after SPARC Sling System procedure, 442
retropubic, 494
suprameatal, 183f, 494
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Urethrolysis (Continued)
transvaginal, 181–183, 182f, 183t, 494–495, 496t, 497f
urethrovaginal fi stula and, 779, 780f

Urethropelvic ligament, 302
Urethrovaginal fi stula, 488, 488f, 775–780

anterior colporrhaphy and, 779
diagnosis of, 83, 775–776
endoscopy in, 775–776
etiology of, 775
imaging in, 775, 776f
management of, 776–779
Martius labial fat pad interposition for, 779
observation for, 776
patient history in, 775
physical examination in, 775
postoperative, 488, 488f, 775
prevention of, 779, 780f
pubovaginal sling procedure and, 779, 780f
radiation-related, 775
surgical repair of, 776–779, 776t, 777f, 778f
trauma-related, 775
urethral diverticulectomy and, 779
urethral reconstruction for, 777–779, 778f
vaginal fl ap for, 776–777, 777f

Urge Impact Scale, 150t, 152
Urge Incontinence Impact Questionnaire, 150t, 152
Urge urinary incontinence. See also Overactive bladder

after anti-incontinence procedures, 495–496
after pubovaginal sling placement, 411
after transobturator urethral sling, 456
defi nition of, 69, 77, 78–79, 79t, 197
depression and, 210
estrogen depletion and, 61
in mixed urinary incontinence, 481–482
pelvic organ prolapse and, 586
postoperative, in mixed urinary incontinence, 480–483
psychosocial factors in, 71
treatment of

doxepin in, 244
electrical stimulation in, 225, 227
estrogen therapy in, 63, 63f
nonsurgical, 605–607, 605t
oxybutynin in, 239
terbutaline in, 243
trospium in, 241

Urge Urogenital Distress Inventory, 150t, 152
Urge Urogenital Distress Inventory–Short Form, 150t, 152
Urgency. See also Urge urinary incontinence

defi nition of, 77, 197
sensory, 80

Urinalysis
in overactive bladder, 200
in urethral diverticula, 830
in urinary tract infection, 848

Urinary continence, 301–303
urethral sphincter in, 301–302, 301f
urethral support mechanism in, 302–303, 302f, 303f

Urinary diversion
conduit, 930, 931t
continent. See Continent urinary diversion

Urinary fl ow rate, in pelvic organ prolapse, 587–588, 588f
Urinary frequency

24-hour, 199
causes of, 79t
daytime, 197, 199
defi nition of, 77
nighttime, 197
pregnancy and, 533

Urinary incontinence, 69–71. See also Mixed urinary 
incontinence; Stress urinary incontinence; Urge 
urinary incontinence

clinical evaluation of, 81–84
bladder diary in, 82
bladder questionnaire in, 82
laboratory tests in, 83
medical history in, 82
pad tests in, 82
patient history in, 81–82
physical examination in, 82–83
Q-tip test, 82–83
urodynamic tests in, 83–84

continuous, 77, 79, 79t
defi nition of, 69, 77, 197
drug-related, 82
economic factors in, 71, 944

Urinary incontinence (Continued)
in elderly patient. See Elderly patient, urinary 

incontinence in
epidemiology of, 60–61, 69–70, 197–198, 199t
estrogen defi ciency and, 61
extraurethral, 77, 79t, 83
incidence of, 69–70
psychosocial impact of, 71, 72
risk factors for, 70–71
situation, 77
sphincteric, 78
unconscious, 79, 79t
urethral, 77–78

Urinary Incontinence Handicap Inventory, 150t, 152
Urinary Incontinence Severity Score, 150t, 151
Urinary retention, 187–192

ambulatory urodynamics in, 143
bladder neck obstruction and, 188
botulinum toxin in, 191, 261
carcinoma and, 188–189
cauda equina syndrome and, 187
in elderly patient, 950t, 952, 952t
electrodiagnostic testing in, 126–127, 126f
etiology of, 187–189, 188b
hysterectomy and, 180–181
idiopathic, 189–192

clinical presentation of, 190
diagnosis of, 190
electrodiagnostic testing in, 126–127, 126f, 189–190
pathogenesis of, 189–190
treatment of, 190–192

impaired bladder contractility and, 189
multiple sclerosis and, 187
neurogenic etiology of, 187–189, 188b
non-neurogenic etiology of, 188–189, 188b
pelvic organ prolapse and, 188
pelvic plexus injury and, 188
periurethral bulking agent injection and, 499
postoperative, 179, 188, 189
postpartum, 538
pseudo-dyssynergia and, 189
psychogenic, 189
pubovaginal sling placement and, 411–412
SPARC Sling System procedure and, 441–442
stroke and, 176
tension-free vaginal tape procedure and, 489, 489t, 493, 

494f
Urinary tract infection, 847–855

after anti-incontinence surgery, 489
antimicrobial use and, 848
classifi cation of, 850–852
complicated, 852–854, 853t
congenital anomalies and, 853
cranberries for, 854
diabetes mellitus and, 854
diaphragm use and, 848
in elderly patient, 949–951, 950t
epidemiology of, 847–848, 847t
estrogen and, 60, 63, 64t, 70, 848
host factors in, 847–848, 848t
imaging in, 849, 853b
lactobacilli for, 854
low-dose prophylaxis for, 851
obstruction and, 853
pathogenesis of, 847
patient history in, 848
physical examination in, 848
postcoital prophylaxis for, 851–852
in pregnancy, 853–854, 854b
prophylaxis against, 854
recurrent, 63, 64t, 70, 851
self-start therapy for, 852
sexual activity and, 848
spermicide use and, 848
spinal cord injury and, 854
struvite stones and, 853
treatment of, 849–850, 849t
uncomplicated, 850–851, 851b, 851t
unresolved, 851
urinalysis in, 848
urine culture in, 848–849
vaccine against, 854
vaginal colonization in, 847–848

Urine output
daytime, 199

Urine output (Continued)
maximum, 199
measurement of, 199–200
nocturnal, 200

Urodynamic classifi cation, 168, 168t
Urodynamic testing, 83–84, 133–143, 133t. See also at 

specifi c tests
abdominal leak point pressure in, 136–137, 136f
after tension-free vaginal tape procedure, 416
ambulatory, 142–143
contraindications to, 133
cystometrography in, 134–136, 134f, 135f. See also 

Cystometrography
detrusor leak point pressure in, 136, 136f
in elderly patient, 943, 961–969, 966f, 967f, 968f, 969f
eyeball, 84, 134
hormonal effects on, 60
indications for, 133
in interstitial cystitis, 922
micturitional urethral pressure profi lometry in, 141
in mixed urinary incontinence, 479
in overactive bladder, 201
patient preparation for, 133
in pelvic organ prolapse, 587–592. See also Pelvic organ 

prolapse, urodynamic study in
in pregnancy, 533–534
pressure-fl ow study in, 140–141, 140f
resting urethral pressure profi lometry in, 137–138, 138f
setting of, 133
storage-function, 133t, 134–138, 134f–139f
stress urethral pressure profi lometry in, 138, 139f
in stress urinary incontinence, 134
in urethral diverticula, 830–831
urofl owmetry in, 139–140, 140f
video, 87–88, 141–142, 141t
voiding-function, 133t, 139–141, 140f

Uroepithelium, 257
Urofl owmetry, 139–140, 140f

clinical applications of, 139–140
in elderly patient, 943
normal, 139
in pelvic organ prolapse, 587–588, 588f

Urogenital atrophy, 61, 70, 506f, 510–511, 511f, 513f, 
519–520, 865

treatment of, 64–65, 65t, 518, 865
urethral diverticula and, 830

Urogenital diaphragm (perineal membrane), 547–548
Urogenital Distress Inventory, 150t, 151–152, 339
Urogenital hiatus, 302
Urogenital sinus

abnormalities of, 5
embryology of, 3–4, 3f, 4f, 5

Uropharmacology, 233–251, 233t. See also specifi c drugs
α-adrenergic agonists in, 247–248
β-adrenergic agonists in, 233t, 243, 248–249
β-adrenergic antagonists in, 248–249
anticholinergic agents in, 233t, 234–238
botulinum toxin in, 233t, 244–245
calcium antagonists in, 233t, 241–242
clinical, 233–234
desmopressin acetate in, 251
duloxetine in, 249
estrogens in, 249–250
musculotropic relaxants in, 233t, 238–241
potassium channel openers in, 233t, 242
prostaglandin inhibitors in, 233t, 242–243
tricyclic antidepressants in, 233t, 243–244
vanilloids in, 233t, 245–247

Urothelium
afferent interactions with, 29f, 30, 50
augmentation with, 295
in overactive bladder, 206–207, 207f
spinal cord injury effects on, 40

Urothelium-derived inhibitory factor, 50
Uryx. See Ethylene vinyl alcohol copolymer injection
Uterine prolapse, 545, 545f, 695f. See also Pelvic organ 

prolapse
anatomy of, 705
classifi cation of, 706–707, 707t
constipation and, 530
diagnosis of, 705–707
imaging of, 575, 577f
physical examination of, 706
posterior IVS repair for, 692–693, 693t
urinary tract symptoms with, 624–625, 625t
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Uterine prolapse (Continued)
vaginal hysterectomy for, 705–717. See also 

Hysterectomy, vaginal
voiding dysfunction and, 183

Uterosacral ligaments, 542, 545, 689, 689f, 690f
laxity of, 695–696, 696f
repair of. See Posterior IVS procedure

Uterosacral vault suspension, 698–703
bilateral, 680
care after, 701–702
technique of, 700–701, 701f–702f, 703f
urinary tract injury with, 753

Uterus
adenomyoma of, 96f
fi bromuscular support of, 689, 689f
functional anatomy of, 545, 545f, 546f
leiomyoma of, 96f, 714, 716f, 717f, 834, 834f. See also 

Hysterectomy, vaginal
magnetic resonance imaging of, 95, 96f
prolapse of. See Uterine prolapse
removal of. See Hysterectomy
tissue engineering of, 1001
ultrasonography of, 89–90, 90f, 91f, 95
unicornuate, 8

UTI. See Urinary tract infection

V
Vagina. See also Vulva

abnormal discharge from, 872
adenosis of, 880, 882f
anatomy of, 421, 421f, 422, 422f, 423f, 689–690, 689f, 

690f, 698, 699f, 729–730, 730f, 858–859
trampoline model of, 695, 695f

atrophy of, 506f, 510–511, 511f, 513f, 519–520, 865
treatment of, 64–65, 65t, 518, 865

bacterial colonization of, 847–848
bacterial infection of, 862
biomechanical properties of, 553
blood supply of, 512, 860
Candida infection of, 862–863
collagen of, 552
cysts of, 835, 877–880, 877t. See also at Cyst(s)
desquamative infl ammation of, 863–864
discharge from, 872
elasticity of, 553
examination of, in overactive bladder, 200
extrusion of, after anti-incontinence surgery, 490–491
fascia of, 689–690, 690f, 691f
fi stula of. See Rectovaginal fi stula; Ureterovaginal 

fi stula; Urethrovaginal fi stula; Vesicovaginal fi stula
fl ora of, 755, 862
foreign body in, 868
Gartner cyst of, 94–95, 95f, 109, 109f
herpes simplex virus infection of, 864
human papillomavirus infection of, 864
imaging of, 94–95, 95f, 96f
inclusion cyst of, 96f
infection of, 861–865
innervation of

intraoperative injury to, 488
oophorectomy and, 900

lichen planus of, 866
normal discharge from, 872
packing of, in prolapse, 626
pain in, 80, 859t
pH of, 862

in candidiasis, 863
physical examination of, 860–861
plasticity of, 553
prolapse of. See Vaginal apex prolapse; Vaginal vault 

prolapse; Vaginal wall prolapse
reconstruction of, 1008–1016

Abbe-McIndoe procedure in, 1008–1011, 
1009f–1012f

full-thickness skin grafts in, 1011
gracilis myocutaneous fl aps in, 1012–1013, 1012f, 

1013f, 1014f
historical perspective on, 1008
intestinal fl aps in, 1015
rectus abdominis myocutaneous fl ap in, 1013–1015, 

1014f, 1015f
vulvobulbocavernosus myocutaneous fl ap in, 

1011–1012

Vagina (Continued)
sex hormone effects on, 511–512, 511f
smooth muscle of, 552
spasm of, 871
tissue engineering of, 1001
trauma to, 868
Trichomonas infection of, 863
viscosity of, 553

Vaginal apex prolapse, 545, 546f. See also Vaginal vault 
prolapse

abdominal sacrocolpopexy for, 619–620, 619t
laparoscopic sacral colpopexy for, 719–723, 721f, 722f
open sacral colpopexy for, 724–728, 727t
uterosacral vault suspension for, 700–703, 701f–702f, 

703f
Vaginal atrophy. See Urogenital atrophy
Vaginal cones, stress incontinence treatment with, 322
Vaginal examination, in overactive bladder, 200
Vaginal extrusion, after anti-incontinence surgery, 490t, 

491f
Vaginal hysterectomy. See Hysterectomy, vaginal
Vaginal pain, 857, 859t

differential diagnosis of, 858t, 861–873. See also specifi c 
vaginal disorders

patient history in, 860
physical examination in, 860–861
psychosocial factors in, 871

Vaginal prolapse. See Vaginal apex prolapse; Vaginal vault 
prolapse; Vaginal wall prolapse

Vaginal septum, persistent, 8
Vaginal surgery. See also specifi c procedures

bleeding with, 751–752
bowel injury with, 754
graft-related complications with, 755–756
infection with, 754–755
mesh-related complications with, 755–756
nerve injury with, 756
reconstructive. See Vagina, reconstruction of
urinary tract injury with, 752–754
xenograft-related complications with, 756

Vaginal vault, dynamic anatomy of, 689–690, 689f, 690f, 
691f

Vaginal vault prolapse, 683–687, 695f, 698f. See also 
Cystocele; Enterocele; Rectocele; Vaginal apex 
prolapse

abdominal sacrocolpopexy for, 687
anatomy of, 683
bilateral uterosacral suspension for, 680
conservative treatment of, 684
evaluation of, 683–684
high uterosacral vaginal vault suspension for, 687
iliococcygeus fascia colpopexy for, 687
iliococcygeus suspension for, 680
McCall procedure for, 687
mesh repair for, 685–686, 685f, 686f
pathophysiology of, 683
posterior IVS procedure for, 690–692, 691f, 692f

complications of, 693–694
posthysterectomy, 625
sacrospinous ligament suspension for, 184, 673–680, 

687. See also Sacrospinous ligament suspension
surgical glove model of, 542, 543f
tissue fi xation system for, 694, 694f, 694t
transvaginal sacrouterine fi xation for, 684–685
transvaginal uterosacral fi xation for, 686

Vaginal wall prolapse. See also Pelvic organ prolapse
anterior. See Cystocele
posterior. See also Enterocele; Rectocele

anatomy of, 729–730, 730f
cadaveric fascia repair in, 737–742, 739f, 740f, 741t
colporrhaphy in, 731–732, 732f, 734, 734t, 735
defecation and, 733–734
fecal incontinence and, 731, 735
neurologic examination in, 731
perineorrhaphy in, 733, 733f, 734
physical examination in, 731
rectovaginal examination in, 731
sexual function and, 730–731, 735
site-specifi c repair in, 732–733, 732f, 733f, 734, 734t, 

735
Vaginal wall sling, 367–369, 369f, 375–378. See also 

Pubovaginal sling
contraindications to, 368–369
free, 379–384

intraoperative complications of, 382–383

Vaginal wall sling (Continued)
postoperative complications of, 383–384
preoperative considerations in, 379–380
results of, 381–382
technique of, 379–381, 379f, 380f, 381f, 382f, 383f

mucocele with, 369
preoperative assessment for, 375
in situ, 375–377

results of, 377
technique of, 375–377, 376f, 377f

Vaginal wall suspension, anterior, 365–367, 366f, 367f, 
368f

Vaginismus, 507, 871
Vaginitis, 861–865

atrophic, 519–520, 865
desquamative, 863–864
herpes, 864
Trichomonas, 863

Vaginitis emphysematosa, 877t, 883
Vaginosis, bacterial, 862
Valacyclovir, in herpes simplex virus infection, 864
Validity, of questionnaire, 148
Valsalva leak point pressure

bulking agent effect on, 348
in intrinsic sphincter defi ciency, 306, 328
in pelvic organ prolapse, 589

Vanilloid(s), 233t, 245–247, 257–260. See also Capsaicin; 
Resiniferatoxin

afferent neuron stimulation by, 258
potency of, 258, 258t
structure of, 257, 258f

Vanilloid receptors, 49
Vasoactive intestinal polypeptide, 17, 28, 39
Vasodilators, in sexual dysfunction, 518–519
Verapamil, in overactive bladder, 241
Vesicopelvic fascia (pubocervical fascia), 302
Vesicosympathetic refl ex, 33
Vesicourethral muscularis, 13–15, 13f. See also Detrusor 

muscle
cell coupling in, 15
contractility of, 15
coordinator compartment of, 14–15
generator compartment of, 14
innervation of, 14
modulator compartment of, 14

Vesicovaginal fi stula, 794–800, 873
after hysterectomy, 754
after transvaginal bladder neck closure, 996–997
anatomy of, 802, 802f
conservative management of, 795
cystoscopy in, 795
diagnosis of, 794–795
etiology of, 794
fulguration for, 795
intravenous pyelography in, 795
patient history in, 794
physical examination in, 794–795
postoperative, 754, 996–997
prevention of, 794
radiation-induced, 798
recurrence of, 800
surgical management of, 795–798

abdominal approach to, 797, 802–813
abdominal wall fat graft in, 808
anterior transvesical approach in, 805–806, 805f, 

806f
care after, 809–810, 810b
dura mater graft in, 808
free bladder mucosa in, 807
gastro-omental graft in, 808–809
gracilis muscle fl ap in, 808
indications for, 803, 803b
interposition grafts in, 807–808
O’Conor technique in, 806, 806f, 807f
omental graft in, 808
peritoneal fl ap in, 808
preparation for, 804, 804b
rectus abdominis muscle fl ap in, 808
results of, 810–813, 810b
seromuscular intestinal graft in, 808
sliding bladder wall graft in, 807–808
technique of, 804–806, 805f, 806f
timing of, 803–804, 804b
urinary diversion with, 809

care after, 800
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Vesicovaginal fi stula (Continued)
complications of, 800
delayed complications of, 800
gluteal skin fl ap in, 799
historical perspective on, 802–803
laparoscopic, 809
Latzko operation in, 797
Martius fl ap in, 798, 799f
myocutaneous gracilis fl ap in, 800, 808
omental interposition in, 798
peritoneal fl ap in, 798
preparation for, 795–796
robotic, 809
rotational full-thickness labial fl ap in, 799
transurethral suture cystorrhaphy in, 797–798
vaginal technique in, 796–797, 796f, 797f

urinary creatinine in, 794
voiding cystourethrography in, 795

Vestibule, 858, 860f
pain in, 869–870

Vestibulectomy, 520–521, 520f, 521f, 870
Videourodynamic study, 141–142, 141t

after cadaveric sling, 392, 393f
after urethral diverticulectomy, 392, 392f
components of, 593, 593f
in mixed urinary incontinence, 479
in pelvic organ prolapse, 592–595, 593f, 595f–600f, 

652
pitfalls of, 594–595
postoperative, 179–180
postpartum, 394, 394f
in spinal cord injury, 393f
technique of, 593–594

Viral infection, genital, 864–865
Virilization

animal model of, 10
anti-müllerian hormone in, 8
congenital adrenal hyperplasia and, 10

Viscosity, tissue, 553
Visual analogue scales, for pain, 344, 344f
Vitamin B, overactive bladder and, 215
Vitamin B12 defi ciency, enterocystoplasty and, 294
Vitamin D, overactive bladder and, 215
Voided volume, 199
Voiding. See also Micturition

dysfunctional. See Voiding dysfunction
evaluation of, 139–141

Voiding (Continued)
in outlet obstruction, 140–141
pressure-fl ow study in, 140–141, 140f
urethral pressure profi lometry in, 141
urodynamic. See Urodynamic testing
urofl owmetry in, 139–140, 140f

nervous system effects in, 163
normal, 163
pain during, 79
postoperative recovery of, 180

Voiding cystourethrography, 86, 94
in pelvic organ prolapse, 579–580, 579f
in urethral diverticula, 831–832, 831f, 832f, 881–882, 

883f
in urethrovaginal fi stula, 775, 776f
in vesicovaginal fi stula, 795

Voiding dysfunction, 161–170, 163t, 165. See also specifi c 
dysfunctions

Bors-Comarr classifi cation of, 165–166, 166b
Bradley classifi cation of, 167
classifi cation of, 161b, 162b, 165–170, 166b, 167b, 168b
in elderly patient, 944–945, 948t
functional classifi cation of, 161, 161b, 162b, 169–170
Hald-Bradley classifi cation of, 166–167, 166b
International Continence Society classifi cation of, 

168–169
Lapides classifi cation of, 167–168, 167b
loop system classifi cation of, 167
postoperative, 178–185, 330–331, 492–495, 494f, 495f, 

497f. See also Pelvic surgery
urodynamic classifi cation of, 168, 168b

Vulva
allergic dermatitis of, 867–868
anatomy of, 857–860, 860f
bacterial infection of, 863
cancer of, 866–867
Candida infection of, 862–863
cysts of, 877–880, 877t. See also at Cyst(s)
folliculitis of, 867
innervation of, 859, 861f
lichen planus of, 865–866
lichen sclerosus of, 865
lichen simplex chronicus of, 866
neuroma of, 869
Paget’s disease of, 866–867
trauma to, 868
viral infection of, 864–865

Vulvar vestibulitis syndrome, 513–514, 514f, 519, 869–870
treatment of, 520–521, 520f, 521f

Vulvodynia, 80, 513, 519–520
defi nition of, 857
differential diagnosis of, 861–862. See also specifi c vulvar 

and vaginal disorders
dysesthetic, 870
epidemiology of, 857
evaluation of, 859t, 860–861
generalized, 870
incidence of, 857
patient history in, 860
physical examination in, 860–861
psychosocial factors in, 871

Vulvovaginitis, Candida, 862–863

W
Warts, anogenital, 864–865
Weight loss, in overactive bladder, 214
Wilms’ tumor, 9
WNT4 gene, in genitourinary abnormalities, 8
Woodruff procedure, in vestibular pain, 870
Wound infection, after anti-incontinence surgery, 489
WT1 gene, in genitourinary abnormalities, 9

X
X-linked lissencephaly with abnormal genitalia, 9
Xenograft

cystocele repair with, 655–658, 657t
pubovaginal sling of, 610t, 611

recipient response to, 611–612, 612–613
results of, 612–613

Y
York Incontinence Perceptions Scale, 150t, 152

Z
Zirconium beads, carbon-coated, periurethral injection of, 

354–355, 356t
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