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To date, the goal of the Series Editors – namely to contribute to the dissemi-
nation of a medical-scientific standard recognized by the majority of European 
countries by publishing the European Manual of Medicine (EMM) – has been 
realized by the editors and authors of “Coloproctology” with great success.

The uniformly structured chapters, the easy-to-follow presentation of the 
difficult content, the revealing illustrations, and the summarizing flowcharts 
for the diagnosis and therapy of each clinical image not only allow residents 
in continuing training to rapidly familiarize themselves with the subject mat-
ter, but also provide experienced coloproctology practitioners with a concise 
overview of recent advances in this subfield of surgery.

The individual chapters are complemented by a compact bibliography 
focusing on the most important publications to quickly bring readers up to 
date on the latest state of research.

The volume “Coloproctology” has become the subject of growing interest, 
both within Europe and without, which also convinced us of the need to pre-
pare the second, revised and expanded edition you now hold in your hands.

The Series Editors wish to thank the publisher Springer Verlag and par-
ticularly Ms. Sandra Lesny, Claus-Dieter Bachem, Michael Koy, and Rahul 
Kumar Sharma, once again, not only for their unflagging commitment to the 
EMM Project, but also and especially for the individual support they pro-
vided for the editors of the separate volumes.

Munich/Düsseldorf� Wolfgang Arnold
Autumn 2016� Uwe Ganzer

Foreword from the Series Editors



vii

This book forms the latest addition to the European Manual series published 
by Springer, and is the second edition of the European Manual of 
Coloproctology. It will be the first standard and recommended textbook of 
the European Society of Coloproctology. The editors have again brought 
together authors, each of whom has both an international reputation within 
coloproctology or an allied specialty and a desire to see ever-improving stan-
dards in coloproctology across Europe.

The individual chapters of this book are written by experienced colleagues 
in the field, and the publication aims to establish uniform European standards 
with regard to the requirements of the EBSQ exams. In addition, it is a most 
valuable source of information for researchers and clinicians in the field 
allied disciplines. The manual will also be of assistance to the many practic-
ing coloproctologists across Europe and beyond who undertake continued 
professional development.

This book covers all topics in coloproctology: anatomy, physiology, anal 
disorders, dermatology, functional disorders, inflammatory bowel disease, 
endometriosis, appendicitis, benign and malignant tumors, presacral tumors, 
laparoscopy, endoscopy, perioperative management, intestinal failure, 
abdominal wall reconstruction, and emergencies and pain syndromes. All 
chapters give a comprehensive overview on etiology, incidence, epidemiol-
ogy, diagnostics, medical and surgical treatment, access, complications, and 
individual special considerations. Finally, all data were presented with the 
best available level of evidence.

In bringing together authors from all over Europe, the result is a book that 
provides great breath of knowledge and diversity of clinical practice. The edi-
tors trust that the reader will find in it a concise view of current European 
coloproctology that will be of value both in preparation for EBSQ examina-
tion and for those engaged in continued professional development.

Mannheim, Germany� Alexander Herold
Nantes, France� Paul-Antoine Lehur 
Erlangen, Germany� Klaus E. Matzel
Dublin, Ireland� P. Ronan O’Connell

Preface
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History of the Division 
of Coloproctology

Klaus E. Matzel

In most European countries, colorectal surgery is 
not a certified subspecialty. However, many 
countries have colorectal societies and annual 
meetings that focus on colorectal disease [1] 
(Table 1.1). A survey among national representa-
tives of the European Society of Coloproctology 
(ESCP) [2] showed that formal fellowships in 
colorectal surgery exist in only 10 countries 
(Czech Republic, Denmark, Germany, Ireland, 
Israel, Italy, Netherlands, Russia, Sweden, United 
Kingdom), and 6 countries have board certifica-
tion in colorectal surgery (Czech Republic, 
Denmark, Germany, Ireland, Israel, Russia). Five 
countries have a formal examination (Czech 
Republic, Ireland, Israel, Romania, Russia), 
including oral (in four countries), multiple choice 
(in three), and practical sections (in two). As 
much as the health care systems and hospital 
organizations vary among European countries, so 
too does colorectal training. Therefore, because 
colorectal subspecialization is becoming increas-
ingly common, addressing the challenge of stan-
dardization is in the best interests of all of 
practitioners in the field.

1.1	 �Union Européenne des 
Médecins Spécialistes, 
Section of Surgery, Division 
of Coloproctology

The Division of Coloproctology is one of several 
subspecialties composing the Section of Surgery 
within the Union Européenne des Médecins 
Spécialistes (UEMS) [2]. Its aim is to develop, 
through the European Board of Surgery 
Qualification Examination, a diploma acceptable 
across Europe as a whole.

The UEMS was founded in 1958 and today is 
represented by national associations from EU 
member states and others, including Norway and 
Switzerland. Armenia, Israel, and Turkey are 
associate members, and Georgia is an observer-
member. The UEMS operates as the official EU 
body to defend and foster the professional inter-
ests of medical specialists. To this end, a crucial 
aim is the study and promotion of training of the 
highest order.

In 1962 the UEMS identified sections represent-
ing principal specialties, among which the Section 
of Surgery represented General Surgery. Over the 
years, the Section of Surgery developed two man 
strategies. The first was the creation of accreditation 
and certification in General Surgery. This resulted 
in the formation of the European Board of Surgery, 
which developed a diploma in General Surgery 
titled the “European Board of Surgery Qualification” 
(EBSQ). Freedom of movement and employment 
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throughout the European Union requires that the 
Certificate of Completion of Surgical Training 
(CCST) of every EU member state be recognized 
by the others. The second strategy was the differen-
tiation of General Surgery into its constituent spe-

cialties, of which there are now several, each 
becoming a division or section. The first to be 
formed was Vascular Surgery, which established 
the EBSQ (Vascular) Diploma in 1996; the second 
was Coloproctology, formed in 1998 [3].

Table 1.1  Colorectal specialization in European countries according to responders to a survey among the national 
representatives of the ESCP (December 2014) [1]

Country

National 
colorectal 
society

Annual colorectal 
meeting

Specialized 
colorectal 
training

Colorectal 
fellowship

Board of 
colorectal 
surgery

Austria No Part of General 
Surgery

No No No

Belgium Yes Part of General 
Surgery

No No No

Bulgaria No Independent No No No
Czech Republic Yes Independent Yes Yes Yes
Denmark Yes Part of General 

Surgery
Yes Yes Yes

Egypt Yes Independent No No No
Finland No Part of General 

Surgery
Yes No No

France Yes Independent No No No
Germany Yes Independent Yes Yes Yes
Greece – – – – –
Hungary Yes Biannual No No No
Iceland Yes Part of General 

Surgery
No No No

Ireland Yes Independent Yes Yes Yes
Israel Yes Independent Yes Yes Yes
Italy Yes Independent No Yes No
Latvia Yes Independent No No No
Lithuania Yes Independent No No No
Netherlands Y Part of General 

Surgery
Yes Yes No

Norway No Independent No No No
Poland Yes Independent No No No
Portugal Yes Independent Yes No No
Romania Yes Independent Yes No No
Russia Yes Part of General 

Surgery
Yes Yes Yes

Serbia Yes Part of General 
Surgery

No No No

Slovenia Yes Part of General 
Surgery

No No No

Spain Yes Both* Yes No No
Sweden Yes Both* Yes Yes No
Switzerland Yes Both* No No No
Turkey Yes Independent No No No
Ukraine – – – – –
United Kingdom Yes Independent Yes Yes No

*Independent, separate speciality meeting as well as a meeting at the annual meeting of general/visceral surgery societies.
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EBSQ specialties now include General 
Surgery, Endocrine Surgery, Transplantation, 
Trauma Surgery, Hepato-Pancreatic-Biliary 
(HPB) Surgery, Surgical Oncology, Breast 
Surgery, and Esophagus, Cardiac, and Stomach 
Surgery. Today the UEMS consists of 42 special-
ist sections, 10 multidisciplinary joint commit-
tees, and over 20 divisions.

1.2	 �EBSQ Coloproctology 
Diploma

The founding members of the Division of 
Coloproctology came from 12 European coun-
tries (Table 1.2). The first president and secretary 
were, respectively, the professors John 
Christiansen (Denmark) and John Nicholls (UK). 
In 2004 professors Lars Pahlman (Sweden) and 
Klaus Matzel (Germany) became president and 
secretary, respectively. Since 2011 Professor 
Matzel has been president, and Professor Dieter 
Hahnloser and Professor Franc Hetzer (both from 
Switzerland) have been the secretaries and Mr. 
Janindra Warusavitarne (UK) is in charge of the 
web presentation since 2014.
The first certification examination, with six can-
didates, took place in Malmö, Sweden, in 1998. 
The examinations are now held during the annual 
meeting of the ESCP and up to twice a year at 
national meetings, if requested by a national soci-
ety. The EBSQ (Coloproctology) Diploma 
remains the only recognized pan-European certi-
fication in the specialty of coloproctology and 
one of the few outside the USA and Canada. 
Indeed, its acceptance has grown over the years, 
with 383 surgeons from 26 countries holding the 
diploma by mid 2016 [1] (Fig. 1.1).

1.3	 �EBSQ Coloproctology 
Examination

The Division of Coloproctology recommends 7 
years of common trunk training, with dedicated 
specialist training in Coloproctology requiring a 
minimum of 2 more years in a European training 
center (ideally by those who already hold an 
EBSQ Coloproctology Diploma). All training 

should be in hospitals recognized by national 
authorities as “appropriate for training.”

Candidates wishing to obtain the EBSQ 
Coloproctology Diploma must satisfy two crite-
ria: Par I, Eligibility; and Part II, Examination.

In Part I, candidates establish eligibility by 
submitting a curriculum vitae detailing their 
training in general surgery and coloproctology; a 
signed CCST; a signed affidavit from two train-
ers; and their log book enumerating their index 
procedures. Candidates who are within 3 months 
of obtaining a CCST may take the Part II exami-
nation, but they are awarded the EBSQ 
(Coloproctology) Diploma only when they have 
obtained their CCST.  Currently, four groups of 
procedures (A–D; see below) are recognized; 
these are subdivided into a total of 13 operative 
categories. Certain operations are regarded as 
index procedures (categories 2, 9, and 13, as 
detailed in Table 1.3;). These procedures define a 
specialist colorectal surgeon, and the minimal 
number of surgeries should be performed for 
each of these categories. To be eligible, a candi-
date must complete the minimal numbers of 
operations in 5 of 6 categories in group A, 4 of 5 
categories in group C, and all of group D, totaling 
10 of 13 categories.
	(A)	 Proctology: Trainees should perform a mini-

mum of 100 proctological procedures, at 

Table 1.2  Founding members of the Division of 
Coloproctology in 1998

C. Baeten, The Netherlands
J. Christiansen, Denmark
J. Deasey, Ireland
F.M. Devesa, Spain
H. Järvinen, Finland
J.-C. Givel, Switzerland
T. Hager, Germany
J-C. Marti, Switzerland
M. Martikainen, Finland
H. Myrvold, Norway
J. Nicholls, UK
H. Ortiz, Spain
L. Pahlman, Sweden
R. Parc, France
M. Pescatori, Italy
R. Schiessel, Austria
R. Sjödahl, Sweden

1  History of the Division of Coloproctology
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least one third of which are under the direct 
supervision of a trainer. Minimal numbers 
should be achieved in five of the six sec-
tions. Anal fistula repair is regarded as an 
index procedure, and a minimum of 30 of 
these procedures should be performed by the 
candidate.

	(B)	 Endoscopy: In some European countries, 
colonoscopy is not performed by colorectal 
surgeons. This has no negative impact on the 
application. In countries where colonoscopy 
is performed by colorectal surgeons, a mini-
mal number of procedures should be per-
formed by the candidate, including the 
number to be performed under supervision.

	(C)	 Colorectal resection: Trainees should per-
form a minimum of 130 colorectal resec-
tions through either open or laparoscopic 
surgery. Minimal numbers of procedures 
should be performed in four of the five sec-
tions detailed above. Anterior resection of 

the rectum is regarded as an index proce-
dure, and a minimum of 30 operations 
should be performed. Sigmoid colectomy 
per se (e.g., for cancer or diverticulitis) does 
not constitute an anterior resection. Anterior 
resections and low anterior resections gener-
ally involve a rectal disease (e.g., cancer).

	(D)	 Stoma formation: Formation of a stoma is 
regarded as an index case, and trainees 
should create a minimum of 20 stomas.

Applications sent to the EBSQ administration 
office are reviewed by members of the European 
Board of Coloproctology. If the applicant fulfills 
the prerequisites, he or she is eligible to sit Part II 
of the EBSQ examination.

Part II is a formal examination that includes (1) 
a written section in the form of a quiz, presenting 
an evolving case (60  min); (2) an academic 
section in which the candidate discusses a 
recent journal article after being given 60 min 

Germany, 115

Spain, 69

Switzerland, 32

UK, 27

Sweden, 24

Netherlands, 13

Turkey, 10

Italy, 9

Austria, 8
Hungary, 7 Denmairk, 6

Belgium, 3

Poland, 2 Ireland, 2
Greece, 2

Finland, 1 Iran, 1
France, 1

Mexico, 1
Portugal, 1

United Arab
Emirates, 1

Qatar, 1

Fig. 1.1  EBSQ 
Coloproctology Diplomas 
per country (as of mid 
2016)
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to study it; and (3) a general section in which 
colorectal topics are discussed on the basis of 
clinical scenarios and clinical and radiologic 
images.

The topics for these three sections are selected 
to cover a broad spectrum of coloproctology, 
including colorectal diseases and proctologic 
cases. The academic and general sections are oral 
examinations, each lasting 30 min, and are over-
seen by two examiners. These sections can be 
undertaken in the applicant’s native language, if 
requested beforehand. The written section and 
the paper selected for the academic discussion 
are in English.

Standardized scoring sheets are used to exclude 
subjective interpretation by the examiners. The 
relative weight of the written examination is 50 % 
and the oral sections are 25 % each. The minimal 
requirement to pass is 66 % of the maximal avail-

able points and not less than 60 % in each 
section.

As mentioned earlier, the main EBSQ exami-
nation always takes place during the annual 
meeting of the ESCP [4] not only because of its 
logistical convenience—many examiners are in 
attendance—but also because the ESCP has 
always supported the development of a pan-
European qualification in coloproctology.

1.4	 �Aims of the Division 
of Coloproctology

In light of the diversity of surgical training and 
education, the aim of the UEMS Section of 
Surgery, Division of Coloproctology, is to 
develop, through the EBSQ examination, a 
diploma that is acceptable throughout Europe. 

Table 1.3  Index procedures required for the EBSQ coloproctology examination

Category Type of procedure
Minimal total number 
performeda

Minimal number 
performed while 
supervised by a trainerb

(A) Proctology

1. Procedures for hemorrhoids 30 5
2. Anal fistula repair 30 10
3. Other proctological operations 20 5
4. Transanal procedures 10 5
5. Surgical procedures for incontinence 5 5
6. Prolapse procedures 5 3
(B) Endoscopy

7. Colonoscopy/flexible sigmoidoscopy 150c –c

(C) Colorectal resection

8. Colonic resectiond 40 20
9. Anterior resection (with anastomosis)d 30 15
10. Perineal rectal excision 5 5
11. Total colectomyd 10 5
12. Rectal resection with colo-anal/ileoanal 

anastomosisd

25 5

(D) Stoma formation

13. Stoma procedure 20 10
aMinimal total number of procedures performed during which the trainee performed the operation as operating surgeon, 
with or without a trainer directly supervising the procedure. This number includes the minimal number of procedures 
supervised by a trainer.
bMinimal number of procedures performed by a trainee as the operating surgeon and directly supervised (taught) by a 
trainer scrubbed in for the procedure
cTraining supervision and requirements to be determined by individual countries’ endoscopic training requirements
dOpen or laparoscopic technique, including low anterior resections with colorectal anastomosis (excluding colo-anal 
anastomosis, set as category 12)

1  History of the Division of Coloproctology
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The difficulties are partly political, since 
health care systems differ enormously from 
country to country. At present, a pragmatic 
approach has been adopted: the Division of 
Coloproctology acknowledges differences in 
training but, for eligibility, still requires that 
training encompasses the recommended expe-
rience described in Part I. Over time, the index 
procedures will be adjusted in response to an 
evolving spectrum of surgical activities in the 
specialty.

The diploma is not yet officially recognized 
by every European nation as the specialty exami-
nation for coloproctology, although it has gained 
professional acceptance and value in several 
countries. In Germany the diploma is accepted 
as an equivalent to the German qualification of 
visceral surgery and as a prerequisite to apply for 
acceptance to the Centre of Competence/
Excellence in Colorectal Surgery. Since 2006 
Swedish accreditation in Coloproctology has 
used the same format as the EBSQ Examination, 
and in Spain the examination is given almost 
annually in conjunction with the annual meeting 
of the Spanish Society of Coloproctology.

Beginning in 2015, holders of the diploma 
receive the title Fellow of the european society of 
coloproctology (ESCP) (in distinction to 

Member). Furthermore, holding the EBSQ 
Diploma is considered an advantage when apply-
ing for an ESCP study grant. These initiatives are 
expected to increase further interest in and accep-
tance of the EBSQ Examination in 
Coloproctology.

As stated earlier, coloproctology is not yet rec-
ognized by most European countries as a spe-
cialty or even a subspecialty within General 
Surgery. A future challenge will be to attain offi-
cial acceptance of the EBSQ Coloproctology 
Diploma at the national level. It is also important 
to consider what constitutes a training unit among 
the various European nations. At present, eligibil-
ity for the examination is based only on expertise 
acquired in a specified colorectal center. While 
acknowledging differences in health care policy, 
it is the Division of Coloproctology’s aim to for-
mulate and implement pan-European guidelines.
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Anatomy of the Colon, Rectum, 
Anus, and Pelvic Floor

Thilo Wedel

2.1	 �Introduction

The large intestine is the last segment of the gas-
trointestinal tract and is subdivided into the colon 
and the rectum (colorectum). While the digestion 
and absorption of nutrients mainly take place in 
the upper gastrointestinal tract and small intes-
tine, the large intestine is responsible for the fol-
lowing alimentary functions:

•	 Resorption of water and electrolytes (body 
fluid homeostasis)

•	 Utilization of nutrients resistant to digestive 
enzymes (intraluminal bacterial fermentation)

•	 Further segmental propulsion of ingesta 
(peristalsis)

•	 Storage and controlled evacuation of feces 
(continence and defecation)

The last two functions are maintained by a 
complex interaction of the rectal ampulla and 
anal canal with the internal and external anal 
sphincter muscles and the musculature of the pel-
vic floor.

2.2	 �Colon

The colon has various anatomic characteristics 
that are distinct from the small intestine:

•	 Three bands of thickened longitudinal muscle 
layer (teniae coli)

•	 Saccular pouches (haustra)
•	 Fixed transverse mucosal folds extending over 

approximately two thirds of the inner circum-
ference (semilunar folds)

•	 Tatty tags within the tela subserosa (epiploic 
appendices)

2.2.1	 �Structure of the Colonic Wall

2.2.1.1	 �Mucosa
The epithelial lining and the underlying lamina 
propria mucosae and muscularis mucosae consti-
tute the mucosal layer. The single-layered epithe-
lium forms densely distributed crypts containing 
columnar absorptive enterocytes, abundant gob-
let cells, and enteroendocrine cells. Between the 
epithelial crypts extends the lamina propria 
mucosae, comprising fibroblasts, immunocom-
petent cells, nerve fibers, and lymphatic and cap-
illary networks embedded in loosely arranged 
connective tissue fibers. Solitary lymphatic folli-
cles contact the epithelial lining and frequently 
protrude into the submucosa. The mucosa is 
delimited from the submucosa by a thin muscular 
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sheet, the lamina muscularis mucosae, compris-
ing up to six layers of smooth muscle cells run-
ning parallel and perpendicular to the bowel axis.

2.2.1.2	 �Submucosa
The submucosa makes up half of the total wall 
thickness and mainly consists of connective tis-
sue and disseminated fatty nodules, providing 
both tensile strength and a sliding plane between 
the mucosa and tunica muscularis. The submuco-
sal layer contains fibroblasts and immunocompe-
tent cells (e.g., lymphocytes and macrophages) 
and is richly supplied with blood vessel networks 
(submucosal vascular plexus) and ganglionated 
nerve fiber meshes (submucosal nerve plexus).

2.2.1.3	 �Tunica Muscularis
The tunica muscularis comprises two distinct 
layers of smooth muscle cells separated by an 
intermuscular connective tissue space containing 
the myenteric nerve plexus. While the inner cir-
cular muscle layer is of uniform thickness, the 
outer longitudinal muscle layers is much thinner 
overall and clustered in three major bands: the 
tenia omentalis, tenia libera, and tenia mesente-
rialis. Together these are the teniae coli.

2.2.1.4	 �Serosa
The serosa constitutes a mesothelial lining of 
flattened epithelial cells and resembles the vis-
ceral peritoneal surface. It is absent at retroperi-
toneal parts of the colon (the cecum and the 
ascending and descending colon). Subserosal 
connective tissue underlies the serosal lining and 
contains blood vessels, nerve fibers, and dissemi-
nated fatty nodules called epiploic appendices.

2.2.2	 �Colonic Segments

The colon is usually 1.4–1.6 m long and forms a 
frame-like arch extending throughout the entire 
abdominal cavity. According to its course, the 
colon comprises five segments.

2.2.2.1	 �Cecum and Appendix 
Vermiformis

The cecum is a blind saccular pouch with a lumi-
nal diameter ranging between 6 and 9 cm located 

in the right iliac fossa. Normally, most of the 
cecum lies retroperitoneally and is fixed by ileo-
cecal plicae. However, its position may vary con-
siderably when an mesentery remains after 
incomplete secondary retroperitonealization of 
the ascending colon (mobile cecum). The ileum 
enters the cecum at its medial border, forming a 
sphincter-like opening called the ileocecal valve 
(Bauhin valve). The orifice comprises a superior 
and inferior mucosal lip protruding into the cecal 
cavity; these are the result of a thickening of the 
circular muscle layer.

The worm-like appendix vermiformis is a 
blind tube, usually 7–12 cm long, with an outer 
diameter of 3–8 mm. The base of the appendix is 
located below the ileocecal valve at the medial 
side of the cecum, where the teniae coli fuse. The 
appendix is attached to the ileocecal segment by 
a mesoappendix containing the appendicular 
artery, a branch of the ileocolic artery. Its flexible 
position varies, mostly in a retrocecal (two thirds) 
or intrapelvic (one third) location. Other varia-
tions, such as a subcecal, preileal, or postileal 
location, are only rarely encountered. In contrast 
to the colonic wall, in the appendix the two mus-
cle layers are of equal thickness, intermingle with 
each other, and do not allow relevant dilation of 
the organ. Both the mucosa and submucosa are 
densely packed with lymphatic follicles that 
extend throughout the entire circumference of the 
appendix.

2.2.2.2	 �Ascending Colon
The ascending colon, like the other colonic seg-
ments, has a smaller diameter than the cecum, 
ranging between 4 and 7 cm. It extends retroperi-
toneally from the right lower abdomen up to the 
right colonic flexure located underneath the right 
liver lobe (hepatic flexure) and ventrally to the 
anterior renal fascia (Gerota’s fascia) covering 
the right kidney. The right colonic flexure is fixed 
by peritoneal folds emerging from neighboring 
organs: the right renocolic, hepatocolic, and right 
phrenicocolic ligaments.

2.2.2.3	 �Transverse Colon
The transverse colon lies intraperitoneally and is 
loosely suspended by the transverse mesocolon 
and the gastrocolic ligament, allowing highly 
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varying positions and length. Along its course 
from the right to the left colonic flexure, it con-
tacts the liver, gallbladder, duodenum, pancreas, 
stomach, greater omentum, and small intestine. 
Blood and lymphatic vessels supply the trans-
verse colon via the transverse mesocolon. The 
topographic position of the left colonic flexure is 
higher than the right one and relates to the spleen 
(splenic flexure) and the left kidney. The left 
colonic flexure is fixed by the splenocolic, left 
renocolic, and left phrenicocolic ligaments.

2.2.2.4	 �Descending Colon
The descending colon extends from the left 
colonic flexure along the left side of the dorsal 
abdominal wall. Its diameter ranges between 3 
and 5  cm. Similar to the ascending colon, the 
descending colon is retroperitoneally fixed and 
attached to the anterior renal fascia (Gerota’s 
fascia).

2.2.2.5	 �Sigmoid Colon
The intraperitoneally located sigmoid colon 
continues the descending colon and extends 
from the left iliac fossa into the pelvic cavity to 
the upper rectum. Its course is S-shaped but 
may vary greatly depending on its length, 
which ranges between 12 and 60 cm. Because 
of the flexible mesosigmoid, the sigmoid colon 
is very mobile and can easily change its posi-
tion. Thus, during defecation it may be pushed 
down and compress the anterior rectal wall, 
eventually causing incomplete rectal evacua-
tion (sigmoidocele/outlet obstruction). The 
mesosigmoid radix starts from the inner border 
of the greater psoas muscle; crosses the left 
ureter, left genital blood vessels, and the aortic 
bifurcation; and reaches caudally the level of 
the third sacral vertebra. It contains the blood 
and lymphatic vessels supplying the sigmoid 
colon.

2.2.3	 �Blood Supply of the Colon

The colon, derived from both the midgut and 
hindgut, receives its blood supply from branches 
of the superior and inferior mesenteric arteries 
(Fig. 2.1).

2.2.3.1	 �Superior Mesenteric Artery
The superior mesenteric artery supplies the 
cecum, appendix, ascending colon, and two 
thirds of the transverse colon.

Ileocolic Artery
The ileocolic artery continues the superior mes-
enteric artery past the outlet of the ileal arteries. 
It usually divides into a superior branch for the 
ascending colon and an inferior branch for the 
cecum (colic branch) and the appendix (appen-
dicular artery).

Right Colic Artery
The right colic artery (diameter, 2.9 ± 0.6 mm) 
has an inconstant origin: it arises directly from 
the superior mesenteric artery, the ileocolic 
artery, or the middle colic artery. It supplies the 
ascending colon and the right colonic flexure. 
In 70 % of individuals, however, a clearly iden-
tifiable right colic artery is not present, in 
which case the right colon receives its blood 
supply via the colic branch of the ileocolic 
artery and the right branch of the middle colic 
artery.

Middle Colic Artery
The middle colic artery (diameter, 3.3 ± 0.8 mm) 
is always present, arises from the initial infrapan-
creatic segment of the superior mesenteric artery, 
and passes within the transverse mesocolon right 
to the midline. In 50 % of individuals, before 
reaching the transverse colon, the arterial trunk 
divides upward into left and right branches to 
reach the transverse colon and the colonic flex-
ures, respectively.

2.2.3.2	 �Inferior Mesenteric Artery
The inferior mesenteric artery (diameter, 
4.4 ± 0.5 mm) supplies the left third of the trans-
verse colon, the descending and sigmoid colons, 
and most of the rectum (see “Blood Supply of the 
Rectum and Anus” later in the chapter).

Left Colic Artery
The left colic artery (diameter, 3.1 ± 1.0  mm) 
arises from the left side of the inferior mesenteric 
artery, crosses the left kidney, and divides upward 
into an ascending branch that passes into the left 
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colic flexure and a descending branch that passes 
into the descending and sigmoid colons. In 16 % 
of individuals these branches originate directly 
from the inferior mesenteric artery (in the absence 
of a left colic artery).

Sigmoid Arteries
The sigmoid arteries (diameter, 3.0 ± 0.5  mm) 
number between two and five. They branch from 
the inferior mesenteric artery and cross the left 
ureter and gonadal vessels, passing within the 
mesosigmoid to reach the sigmoid colon. 
Branches anastomose to the left colic artery and 
the superior rectal artery via primary or secondary 

arcades (the marginal artery of the colon). This 
anastomosis is also called Sudeck’s point.

2.2.3.3	 �Marginal Artery of the Colon
The marginal artery of the colon (Drummond’s 
artery) is formed by the dividing arcades of the 
ileocolic, right, middle, left colic, and sigmoid 
arteries. The artery runs parallel and adjacent to 
the colon within the mesentery and gives rise to 
the vasa recta and brevia, which directly enter the 
colonic wall. In addition to the anastomosis 
between the middle and left colic artery via the 
marginal artery, a large branch may be present, 
connecting the superior and inferior mesenteric 

Colon transversum
Flexura coli sinistra

Ramus sinister of
A. colica media
A. mesenterica superior

Colon descendens

A. ascendens

(Marginalarterie)

(Ramus ilealis)

A. marginalis coli

Ramus dexter of
A. colica media

Flexura coli dextra

Colon ascendens
Ramus colicus

A. caecalis posterior

A. caecalis anterior

Caecum and
Appendix vermiformis

A. colica dextra

Riolan’s Anastomosis

A. mesenterica inferior

Aa. sigmoideae and
Colon sigmoideum

A. ileocolica

A. appendicularis
Sudeck’s point

A. rectalis superior

Rectum

Fig. 2.1  Arterial supply of the colon
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arteries directly; this is also called the arch of 
Riolan (Griffith’s point).

2.2.4	 �Lymphatic Drainage 
of the Colon

Colonic lymph nodes are subdivided into four 
groups:

•	 Epiploic lymph nodes on the serosal surface 
and within the epiploic appendices

•	 Paracolic lymph nodes adjacent to the colonic 
wall

•	 Intermediate lymph nodes along the colic 
blood vessels

•	 Preterminal lymph nodes along the main 
trunks of the superior and inferior mesenteric 
arteries

Preterminal lymph nodes drain into para-
aortic lymph nodes located at the origin of these 
visceral arteries and are referred to as the highest 
lymph node station of the colon.

2.2.4.1	 �Venous Drainage of the Colon
Venous blood from the colon is collected by 
branches draining into the superior mesenteric 
vein (ileocolic vein, right colic veins, middle 
colic vein) and inferior mesenteric vein (left colic 
vein, sigmoid veins). In most cases the right and 
middle colic veins are joined by the right gastro-
epiploic and pancreaticoduodenal veins, forming 
the so-called gastrocolic trunk of Henle.

2.2.5	 �Nerve Supply of the Colon

2.2.5.1	 �Sympathetic Nerves
The cecum, ascending colon, and two thirds of 
the transverse colon are supplied by sympathetic 
nerves originating from the 5th to the 12th tho-
racic segments. Preganglionic nerve fibers pass 
via the greater and lesser splanchnic nerves to the 
celiac and superior mesenteric plexuses, where 
they switch over to final neurons. Nerve fibers 
(postganglionic) of these neurons reach the 

colonic wall via the periarterial plexus along the 
superior mesenteric artery.

The left one third of the transverse colon, the 
descending colon, and sigmoid colon are sup-
plied by sympathetic nerves from the lumbar and 
upper sacral spinal segments. Preganglionic 
nerve fibers travel via lumbar splanchnic nerves 
to the inferior mesenteric plexus and via sacral 
splanchnic nerves to the superior and inferior 
hypogastric plexus. Postganglionic nerve fibers 
enter the colonic wall via the periarterial plexus 
along the inferior mesenteric artery.

The sympathetic input mediates relaxation of 
the colonic wall and contraction of both the ileo-
cecal valve and the vascular musculature. 
Afferent nerve fibers are primarily responsible 
for the sensation of visceral pain.

2.2.6	 �Parasympathetic Nerves

The cecum, ascending colon, and two thirds of 
the transverse colon are supplied by parasympa-
thetic nerve fibers derived from the vagus nerve. 
These vagal nerve fibers travel via the celiac and 
superior mesenteric plexuses into the colonic 
wall, where they switch to intramural ganglion 
cells.

The left one third of the transverse colon, the 
descending colon, and the sigmoid colon are sup-
plied by parasympathetic nerves originating from 
the second to the fourth sacral segments (the sacral 
parasympathetic input). The parasympathetic 
nerve fibers pass through the inferior and superior 
hypogastric plexus, via the pelvic splanchnic 
nerves, and reach the colonic wall, following the 
branches of the inferior mesenteric artery.

The parasympathetic input mediates contrac-
tion of the colonic wall musculature, relaxation 
of the internal anal sphincter, and secretomotor 
functions. Sensations of distension and pain are 
carried by afferent parasympathetic nerve fibers 
(Fig. 2.2).

2.2.6.1	 �Enteric Nervous System
While the connections between the central ner-
vous system and the intestine are established by 
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extrinsic sympathetic and parasympathetic 
nerves to modulate gut activities, the enteric ner-
vous system resides within the bowel wall and is 
responsible for coordinating major intestinal 
functions such as motility and secretion. In addi-
tion to sympathetic and parasympathetic media-
tors, a broad spectrum of nonadrenergic, 
noncholinergic neurotransmitters is released by 
intrinsic intramural nerve cells to establish local 
reflex circuits, which provide control of intestinal 
motor functions virtually independent from 
higher nervous inputs.

The enteric nervous system nerves comprises 
~150 million neurons (“little brain of the gut”) 
and is organized in different nervous networks 
(plexus) composed of clusters of nerve cells 
(enteric ganglia) and interconnecting nerve fiber 

strands. The major plexuses are located in the 
intermuscular space between the longitudinal and 
circular muscle layers (myenteric plexus), within 
the submucosa (external and internal submucosal 
plexuses), and within the mucosa (mucosal 
plexus) (Fig. 2.3).

In addition to the nerve plexus, both the circu-
lar and longitudinal muscle layers and the inter-
muscular space contain a network of interstitial 
cells of Cajal (ICCs). These interdigitating cells 
are intercalated between nerve fibers and smooth 
muscle cells and generate the slow-wave activity 
of the colonic musculature; they are also referred 
to as intestinal pacemaker cells. Moreover, they 
are actively involved in intestinal neurotransmis-
sion by mediating neuronal inputs to smooth 
muscle cells.
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Fig. 2.2  Nerve supply of the anorectum and pelvic floor. 
(a) Somatic and autonomic innervation of the anorectum 
and pelvic floor. 1 sacral nerves (a S2, b S3, c S4), 2 
pudendal nerve, 3 levatory nerves, 4 inferior rectal nerves, 
5 somatic innervation of the pelvic floor and external anal 
sphincter, 6 sympathetic trunk, 7 lumbar splanchnic 
nerves, 8 grey communicans nerve, 9 superior hypogastric 
plexus, 10 hypogastric nerves, 11 sacral splanchnic 

nerves, 12 inferior hypogastric plexus, 13 pelvic splanch-
nic nerves. (b) Somatic and autonomic innervation of the 
anorectum and pelvic floor in men. 1 superior hypogastric 
plexus, 2 hypogastric nerves, 3 sacral splanchnic nerves, 4 
inferior hypogastric plexus, 5 pudendal nerve, 6 inferior 
rectal nerves, 7 posterior scrotal nerves, 8 dorsal nerve of 
the penis
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2.3	 �Rectum and Anus

The rectum is the final segment of the large intes-
tine and has a twofold function:

•	 Retention of feces and closure of the gastroin-
testinal tract (continence)

•	 Controlled evacuation of feces (defecation)

The rectum is 15–19 cm long and extends from 
the third sacral vertebra to the perineum. It is the 
most dorsally located intrapelvic organ, descending 
along the sacrococcygeal concavity (sacral flexure) 
and passing through the pelvic floor at the anorectal 
junction (perineal flexure, anorectal angulation).

The rectum is divided into two segments:

•	 Rectal ampulla
•	 Anal canal

In contrast to the colon, the rectum is charac-
terized by the following anatomic peculiarities:

•	 Confluence of teniae coli to a continuous lon-
gitudinal smooth muscle layer

•	 Absence of epiploic appendices

•	 Presence of permanent semilunar transverse 
folds, the most constant middle fold (a 
Kohlrausch fold), and a superior and inferior 
fold (Houston’s folds)

•	 Extraperitoneal position of the lower and dor-
sal parts of the organ

2.3.1	 �Rectal Ampulla

The rectal ampulla is the widest part of the rec-
tum, with a perimeter varying between 8 and 
16 cm. Its ventral wall is covered by visceral peri-
toneum reflecting on to the bladder and seminal 
vesicles in males (rectovesical pouch) and onto 
the uterus and upper posterior vaginal wall in 
females (rectouterine pouch, Douglas’s pouch). 
The rectal musculature is arranged in a folding 
grille-like pattern, enabling the wall to adequately 
adjust to the highly variable filling state.

2.3.2	 �Anal Canal and Anus

The anal canal (pars analis recti) is 2.5–4 cm long 
with a perimeter of 5–9 cm. It forms a 90–100° 
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Fig. 2.3  Topographical organisation of the enteric ner-
vous system in the human colon. 1 plexus of the longitu-
dinal muscle layer, 2 myenteric plexus, 3 plexus of the 
circular muscle layer, 4 external submucosal plexus, 5 
intermediate submucosal plexus, 6 internal submucosal 

plexus, 7 plexus of the lamina muscularis mucosae, 8 
mucosal plexus (subglandular portion), 9 mucosal plexus 
(periglandular portion). Ganglionated plexus appear in 
color, dark dots represent enteric nerve cells
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angle with the rectum (the anorectal angle), 
which is caused by the constant traction of the 
puborectal sling (see the section “Pelvic floor” 
later in the chapter). The inner lining of the anal 
canal varies along its course to the anus (Fig. 2.4).

2.3.2.1	 �Inner Surface of the Anal Canal
The upper part of the anal canal is covered with a 
pink intestinal mucosa (the colorectal zone). At 
the transitional zone the wet columnar epithelium 
gives way to the dry squamous epithelium, dis-
playing a histological mosaic of cylindrical, 
cubic, and flat epithelial cells. Macroscopically, 
the transitional zone is characterized by 8–12 
vertical anal columns (Morgagni’s columns), 
each of which contains a terminal branch from 
the superior rectal artery. The anal columns are 
separated by the anal sinuses, which form pocket-
like mucosal folds at their lower ends, called anal 
valves or crypts. The row of alternating anal col-
umns and sinuses corresponds to the dentate line 
(pectinate line, crypt line), which is considered to 
be the junction between the endodermal (cloacal) 
and ectodermal (proctodeal) parts of the anal 
canal.

Between the dentate line and the anocutane-
ous line, the pale anoderm (squamous zone) 
extends for ~1.5 cm to the anal verge. The ano-
derm is lined by a nonkeratinized, stratified squa-
mous epithelium devoid of glands and hairs but 
richly equipped with sensory nerve endings that 
are highly sensitive to touch, pain, and tempera-
ture. A whitish-bluish line (lineal alba, Hilton’s 
line) is occasionally visible at the lower end of 
the anal canal, corresponding to the underlying 
bulge of the internal anal sphincter.

While the “surgical” anal canal comprises the 
entire length of the canal, from the anorectal 
junction down to the anal verge, the “anatomic” 
anal canal is defined by the lower part extending 
from the dentate line to the anocutaneous line.

2.3.2.2	 �Anus
Below the anocutaneous line, the anal canal gives 
way to the anus. The hairless perianal skin is a 
dull brown color and radially folded because of 
the contraction of the corrugator ani muscle. The 
skin contains sweat, sebaceous, and apocrine 

glands and is supplied by perianal blood vessels 
originating from the inferior rectal artery.

2.3.2.3	 �Internal Anal Sphincter
The internal anal sphincter comprises elliptical 
bundles of smooth muscle and corresponds to the 
thickened, tube-like end of the circular muscle 
layer of the rectum (Fig.  2.4). The muscle is 
5–8 mm thick and 2–3 cm long. In relation to the 
anal canal, the internal anal sphincter extends 
from the anorectal junction down to the anocuta-
neous line; the most prominent part projects on to 
the white linea alba (Hilton’s line). Normally the 
lower border is overlain by the subcutaneous part 
of the external anal sphincter. Because of its per-
manent involuntary contraction, the internal anal 
sphincter is readily palpable as a rigid cylinder, in 
particular when the striated external anal sphinc-
ter is completely relaxed (e.g., under 
anesthesia).

2.3.2.4	 �Conjoined Longitudinal Muscle 
(Corrugator Ani Muscle)

The longitudinal muscle layer of the rectum also 
changes its morphology as it approaches the anal 
canal (Fig.  2.4). Diverging bundles of smooth 
muscle fibers extend between the internal and 
external anal sphincters toward the perianal 
region and are joined by striated muscle fibers 
from the puborectalis (“conjoined” longitudinal) 
muscle. Distally, the muscular fibers become 
increasingly fibroelastic and enter the perianal 
skin with small tendons, producing radial wrin-
kles (hence “corrugator” ani muscle). The most 
peripheral muscular septa radiate outward and 
pass between the subcutaneous and superficial 
parts of the external anal sphincter into the ischio-
anal fossa. By inserting in the superficial perineal 
fascia, these fibers contribute to the separation of 
the ischioanal space from the subcutaneous peri-
anal space.

2.3.2.5	 �Corpus Cavernosum Recti
The submucosa of the upper part of the anal canal 
contains a specific arrangement of arteriovenous 
anastomoses best described as the corpus caver-
nosum recti (annulus haemorrhoidalis, glomera 
venosa haemorrhoidalia) (Fig.  2.4). Branches 

T. Wedel



15

from the superior rectal artery reach the corpus 
cavernosum recti from the right (7 and 11 o’clock, 
in the lithotomy position) and left (3 o’clock) 
sides and release their oxygenated arterial blood 
into the cavernous tangles, which are bare of cap-
illaries. The position of the arterial branches sup-
plying the corpus cavernosum recti corresponds 
to the typical topographic distribution pattern of 
hemorrhoids originating from the corpus caver-
nosum recti. The blood is drained by veins, which 
penetrate through the internal anal sphincter and 
are collected in the external rectal venous plexus. 
The subfascially located plexus drains into the 
inferior, medial, and superior rectal veins.

As a result of transsphincteric blood drainage, 
the blood filling the corpus cavernosum recti is 
determined by the degree of contraction of the 
internal anal sphincter. Its constant tonus 
smoothly compresses the draining veins, result-
ing in a physiologic cushion-like swelling of the 
corpus cavernosum recti. Normally, the corpus 
cavernosum recti extends from the anorectal 

junction down to the dentate line and is fixed by 
the anal canal muscle.

2.3.2.6	 �Proctodeal Glands
The proctodeal glands are of ectodermal origin 
and form at the junction between the cloacal and 
proctodeal parts of the anal canal. They mostly 
originate in the intermuscular space between the 
internal and external anal sphincters, run through 
the internal anal sphincter muscle, and open into 
the anal crypts (Fig.  2.4b). However, they may 
also bridge the intermuscular space and reach 
into the external anal sphincter. The tubular 
excretory ducts are lined with cubic epithelium, 
and the alveolar secretory parts are branched and 
covered with a columnar epithelium of a primar-
ily eccrine secretion type. The glands are sur-
rounded by lymphatic tissue arranged in 
periglandular follicles. The number of proctodeal 
glands ranges between 5 and 15. Most of the 
glands are encountered along the dorsal anal 
commissure; they are less frequently found at the 

1

2

3

4

5

1 2 34 56 67

7a

7b

7c

8

8

9

9

11

11

10

10

12

12

13

13

14

14

15

15 16

a b

Fig. 2.4  Rectum and anal canal. (a) Frontal section of the 
anorectum. 1 levator ani muscle (iliococcygeal muscle), 2 
levator ani muscle (puborectal muscle), 3–5 external anal 
sphincter (deep, superficial, subcutaneous part), 6 perianal 
veins, 7 perianal skin, 8 anoderm, 9 anal columns and 
crypts, 10 conjoined longitudinal muscle (corrugator ani 
muscle), 11 internal anal sphincter, 12 corpus cavernosum 
recti, 13 anorectal junction, 14 circular rectal muscle 

layer, 15 longitudinal rectal muscle laycanal, 3 anal 
crypts, 4 anocutaneous line, 5 anorectal junction, 6 inter-
nal anal sphincter, 7 external anal sphincter (a subcutane-
ous part, (b) superficial part, (c) deep part), 8 puborectal 
muscle, 9 corpus cavernosum recti, 10 anococcygeal liga-
ment, 11 levator ani muscle, 12 deep transverse perineal 
muscle, 13 prostate, 14 prerectal muscle fibres, 15 corru-
gator ani muscle, 16 anal canal muscle
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lateral anal region and are only occasionally pres-
ent at the ventral anal commissure. This topo-
graphic distribution resembles the preferential 
location of perianal fistula and abscesses consid-
ered to develop from infected proctodeal glands. 
As rudimentary anal skin appendages, proctodeal 
glands are not consistently present; in about one 
third of individuals only small subepithelial 
crypts end blindly within the submucosa.

2.3.3	 �Pelvic and Perirectal Fasciae

While the inner pelvic wall is covered by the 
parietal pelvic fascia, the pelvic organs – includ-
ing the rectum – are sheathed by the visceral pel-
vic fascia (endopelvic fascia). Both fasciae are 
connected by condensed connective tissue struc-
tures traditionally described as ligaments (e.g., 
lateral rectal ligaments, rectal stalks, paraproc-
tium). Originally, they were considered to func-
tion as support structures for the pelvic viscera. 
From both anatomic and embryological points of 
view, however, these ligaments do not provide 
substantial mechanical fixation of the pelvic 
organs and instead primarily serve as access 
routes for their vascular and nervous supplies.

2.3.3.1	 �Rectal Fascia and Mesorectum
The part of the visceral pelvic fascia that sheathes 
the rectum is called the rectal fascia. The rectal 
fascia is composed of a connective tissue sheath 
bare of blood vessels and nerves, and constitutes 
a morphologic barrier, thereby preventing early 
penetration of a rectal neoplasia into adjacent 
organs. Clinically, the rectal fascia is also termed 
mesorectal fascia, as the fascial envelope 
encloses perirectal fatty tissue containing the 
major routes of blood supply to and lymphatic 
drainage from the rectal wall – comparable to the 
mesenteries of the other intestinal segments. 
Accordingly, the perirectal fatty tissue corre-
sponds to the mesorectum, which is most devel-
oped at the dorsal side of the rectum, displaying 
two mesorectal “cheeks.”

Between the mesorectal fascia and the parietal 
pelvic fascia opens the retrorectal space. This 
avascular and nerve-free, slit-like space corre-
sponds to the access route for the dorsal mobiliza-

tion of the rectum during total mesorectal excision. 
The retrorectal space extends down to the pelvic 
floor, where the mesorectal fascia fuses with the 
parietal pelvic fascia (Waldeyer’s fascia). Between 
the parietal pelvic fascia and the sacrum opens 
another space, called the presacral space, which 
contains sacral arteries and veins and the origin of 
parasympathetic pelvic splanchnic nerves cov-
ered by the presacral fascia (Fig. 2.5).

2.3.3.2	 �Rectoprostatic/Rectovaginal 
Septum

The ventral part of the mesorectal fascia comes 
into close contact with the dorsal urogenital fas-
cia to form the rectoprostatic or rectovaginal sep-
tum. In males the rectoprostatic septum 
(Denonvilliers’s fascia) covers the prostate, semi-
nal vesicles, and ductus deferens, separating 
them from the anterior rectal wall. The mesen-
chymal layer of the rectoprostatic septum con-
tains nerve branches of the inferior hypogastric 
plexus, in particular the urogenital neurovascular 
bundles (Walsh’s bundles), and approaches the 
prostate and seminal vesicles dorsolaterally.

2.3.3.3	 �Paraproctium
Laterally, the mesorectal fascia reflects toward 
the pelvic wall to provide access to minor blood 
and lymphatic vessels and, in particular, to auto-
nomic nerves diverging from the inferior hypo-
gastric plexus into the rectal wall. This loosely 
arranged connective tissue between the pelvic 
wall and the rectum (the “T-junction”) corre-
sponds to the paraproctium, often referred to as 
lateral rectal ligaments or rectal stalks, approach-
ing the rectal wall from a dorsolateral direction.

2.3.4	 �Blood Supply of the Rectum 
and Anus

As a hindgut derivate the rectum is mainly sup-
plied by the terminal branch of the inferior mes-
enteric artery, the superior rectal artery (diameter, 
3.0 ± 1.1 mm), which contributes more than 80 % 
of the rectal blood supply (Fig.  2.6). Passing 
within the mesorectum, the artery divides in two 
to three large branches surrounding the postero-
lateral rectal wall. The branches ramify between 
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the muscle layers, enter the submucosa, and 
descend to the anal columns, where they open 
into the corpus cavernosum recti. By contrast, the 
medial rectal arteries, originating from the inter-
nal iliac arteries, are inconstant and bilaterally 
present in only 10 % of individuals. Their contri-
bution is rather small, and anastomoses with the 
superior and inferior rectal arteries are poorly 
developed. The lower anal canal and the internal 
anal sphincter are supplied by anal arteries from 
the inferior rectal arteries. They approach the 
anal region from the pudendal arteries, which are 
located within Alcock’s canal, via the ischioanal 
fossa and divide into ventral and dorsal branches. 
Functional anastomoses are established between 
the inferior and superior rectal arteries within the 
anal canal. The posterior wall of the anal canal 
and the internal anal sphincter are also supplied 
by the median sacral artery.

2.3.5	 �Lymphatic Drainage 
of the Rectum and Anus

Similar to the blood supply, the main lymphatic 
drainage of the rectum is achieved by intramural 
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Fig. 2.5  Pelvic and perirectal fasciae. This schematic illustration of the pelvic and perirectal fasciae delimits their dif-
ferent perirectal spaces and highlights the topography of autonomic nerves, blood vessels, and lymphatic vessels/nodes
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Fig. 2.6  Blood supply of the rectum and anal canal: rec-
tal arteries. 1 superior rectal artery (from inferior mesen-
teric artery), 2 internal iliac artery, 3 pudendal artery, 4 
medial rectal artery, 5 inferior rectal artery, 6 external anal 
sphincter, 7 levator ani muscle
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lymphatic vessels passing to inferior mesenteric 
lymph nodes via the mesorectum. The lymphatic 
drainage may take place along the paraproctium 
into the internal iliac lymph nodes, but this occurs 
only if the mesorectal fascia is penetrated in 
advanced tumor stages. Lymphatic vessels of the 
lower anal canal and the perianal region project 
to superficial inguinal lymph nodes.

2.3.6	 �Nerve Supply of the Rectum 
and Anus

Whereas the rectum and upper anal canal are sup-
plied by autonomic nerves, the lower anal canal 
and the anus receive somatic input via the puden-
dal nerves (Fig. 2.2).

2.3.6.1	 �Autonomic Nerves
Lumbar sympathetic nerves pass along the infe-
rior mesenteric and superior rectal arteries, form-
ing considerably rigid periarterial nervous 
networks, the inferior mesenteric and superior 
hypogastric plexuses. From the superior hypogas-
tric plexus originate the left and right hypogastric 
nerves, which enter the pelvic cavity embedded 
within the two lamellae of the parietal pelvic fas-
cia (Fig. 2.5). They approach the rectal wall later-
ally and diverge into an intrapelvic nervous 
network called the inferior hypogastric plexus 
(pelvic plexus). Sacral parasympathetic nerves 
join the inferior hypogastric plexus via pelvic 
splanchnic nerves (nervi erigentes), intermingle 
with their sympathetic counterparts, and com-
monly enter the rectal wall to establish connec-
tions with the intramural enteric nervous system.

The inferior hypogastric plexus also provides 
the autonomic nerve supply for the intrapelvic 
urogenital organs that maintain sexual and lower 
urinary tract functions. The autonomic nerves are 
at risk during rectal resection, in particular during 
lateral (paraproctium) and ventral (rectoprostatic/
rectovaginal septum) mobilization of the rectal 
wall.

2.3.6.2	 �Somatic Nerves
The lower anal canal is supplied by perianal 
branches of the pudendal nerves. In contrast to 

the autonomically innervated rectum and upper 
anal canal, the anodermal segment is highly sen-
sitive to touch, pressure, pain, and temperature 
because of densely distributed somatosensory 
nerve endings.

2.4	 �Pelvic Floor

The pelvic floor comprises both striated and 
smooth muscles covered by fasciae (the rhabdo- 
and lissomusculofibrous systems), providing a 
twofold function:

•	 Closure of the pelvic cavity to provide support 
for intrapelvic organs

•	 Controlled opening for bladder and rectum 
evacuation and parturition

Because of its physiological weakness (less 
muscle strength, less nervous input, wider uro-
genital opening) and because of the stressful 
strain that occurs during parturition, the female 
pelvic floor is generally more susceptible to 
insufficiency. This may result in descending 
perineum syndrome, pelvic organ prolapse, and 
evacuation disorders.

2.4.1	 �Levator Ani Muscle

The levator ani muscle – a broad, flattened, and 
funnel-shaped muscle attached to the pelvic 
wall – forms most of the pelvic floor. Ventrally, 
the muscular sheet leaves a midline gap for the 
urethra and vagina (urogenital hiatus) and the 
anal canal (anal hiatus). The levator ani muscle 
comprises various muscular parts (Fig. 2.7):

2.4.1.1	 �Ileococcygeal Muscles
The ileococcygeal muscles arise from the tendi-
nous arc formed by the obturator fascia, attach to 
the coccyx (the last two sacral vertebrae), and 
fuse in a midline raphe. The muscular sheet is 
thin and often displays intramuscular, slit-like 
gaps, particularly in females, which may give 
way to the propagation of ischiorectal abscesses 
(supralevatory spread).
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2.4.1.2	 �Pubococcygeal Muscle
The pubococcygeal muscle extends above the 
ileococcygeal muscles from the pubic bone to 
the sacrum, where it forms a tendinous plate 
attached to the coccygeal bone. Some fibers 
decussate to the periurethral musculature and 
insert into the walls of the vagina (pubovaginal 
muscle) and rectum (puboanal muscle). The 
puboanal fibers blend with fibers of the longitu-
dinal rectal muscle to form the conjoined longi-
tudinal muscle.

2.4.1.3	 �Puborectal Muscle
The puborectal muscle is the most prominent 
muscle of the pelvic floor. Inseparable from the 
pubococcygeal muscle at its origin, the muscle 
bends at the anorectal junction to form a sling 
behind the rectum. Contraction results in a com-
pression of the anal canal by pulling the anorectal 
junction toward its punctum fixum (the pubic 
bone), thereby reducing the anorectal angle. The 
puborectal sling is intimately fused with the deep 
part of the external anal sphincter. From the cau-
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Fig. 2.7  Pelvic floor. (a) Pelvic floor muscles in women 
after removal of the urogenital diaphragm (caudal view). 
1 puborectal muscle, 2 pubococcygeal muscle, 3 iliococ-
cygeal muscle, 4 piriformis muscle, 5 coccygeal muscle, 6 
anal hiatus, 7 prerectal muscle fibres, 8 urogenital hiatus, 
9 internal obturator muscle. (b) Pelvic floor muscles in 
women after removal of the urogenital diaphragm (cranial 
view). 1 puborectal muscle, 2 pubococcygeal muscle, 3 

iliococcygeal muscle, 4 piriformis muscle, 5 coccygeal 
muscle, 6 internal obturator muscle covered by obturator 
fascia, 7 tendinous arc, 8 obturator canal. (c) Pelvic floor 
muscles (right pelvis, medial view). 1 internal obturator 
muscle covered by obturator fascia, 2 tendinous arc, 3 
deep transverse perineal muscle, 4 puborectal muscle, 5 
pubococcygeal muscle, 6 iliococcygeal muscle, 7 coccy-
geal muscle, 8 piriformis muscle
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dal part of the muscle, prerectal fibers decussate 
to insert into the perineal tendinous center.

2.4.1.4	 �Coccygeal Muscles
The coccygeal muscles lie dorsocranial to the 
levator ani muscle and extend from the ischial 
spine to the lateral margins of the coccyx along 
the sacrospinal ligaments. Lying in the same 
plane as the levator ani muscle, they complete the 
muscular pelvic diaphragm at its posterior end.

2.4.2	 �External Anal Sphincter

Below the levator ani muscle, the anal canal is 
surrounded by the external anal sphincter 
(Fig. 2.4). The muscle forms an elliptical cylin-
der about 15 mm thick and is divided by septa 
into three parts. Although the external anal 
sphincter is a striated skeletal muscle, its fibers 
mainly comprised slow-twitch type I fibers, 
mediating a prolonged contraction suitable for 
maintaining an adequate basal tonus.

2.4.2.1	 �Subcutaneous Part
The subcutaneous part circumscribes the anal 
orifice deep to the skin below the lower border of 
the internal anal sphincter. Some fibers are ante-
riorly attached to the perineal tendinous center 
and posteriorly to the anococcygeal ligament.

2.4.2.2	 �Superficial Part
The superficial part lies above and lateral to the 
subcutaneous part. Because of its firm attachment 
to both the perineal tendinous center and the ano-
coccygeal ligament, this part is shaped like an 
ellipse. The dorsal region frequently displays a 
crypt-like recess, thereby favoring the develop-
ment of anal fissures at the coccygeal midline.

2.4.2.3	 �Deep Part
The deep part is the thickest and most cranially 
located segment surrounding the internal anal 
sphincter. Its fibers blend inseparably with the 
puborectal muscle and are not attached posteri-
orly to the coccyx. Whereas in males all three 
parts of the external anal sphincter are equally 
present along the entire circumference, in females 
the external anal sphincter muscle is anteriorly 

reduced to one third of its posterior thickness, in 
particular because of the less developed deep part.

2.4.3	 �Smooth Pelvic Muscles

In addition to striated muscles mainly composed 
of slow-twitch type I fibers (rhabdomusculofi-
brous system), the pelvic floor is also equipped 
with several smooth muscle elements (lissomus-
culofibrous system) predominantly located along 
the medial border of the levator sling. Smooth 
muscle fibers also extend from the rectal wall to 
the vagina (rectovaginal muscle), to the membra-
nous part of the urethra (rectourethral muscle, 
Roux muscle), and to the coccyx along the ano-
coccygeal ligament (rectococcygeal muscle, 
retractor recti muscle, Treitz muscle).

2.4.4	 �Nerve Supply of the Pelvic 
Floor

All striated muscles of the pelvic floor are inner-
vated from sacral spinal segments (S2–4) (Fig. 2.2). 
The somatomotor supply of the levator ani mus-
cle and the external anal sphincter is provided by 
inferior rectal branches of the pudendal nerve and 
by direct branches from the sacral plexus. The 
smooth musculature is supplied by autonomic 
nerve fibers originating from the inferior hypo-
gastric plexus (pelvic plexus) (Fig. 2.2).

2.4.5	 �Blood Supply of the Pelvic 
Floor

The pelvic floor is supplied by branches from the 
pudendal artery and the inferior rectal and peri-
neal arteries. Furthermore, the median and lateral 
sacral arteries contribute from the dorsal side and 
the obturator arteries from the lateral sides.

2.4.6	 �Anal Continence Organ

The pelvic floor muscles contribute substantially to 
the maintenance of anal continence. However, clo-
sure of the anal canal is a complex function achieved 
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through the synergistic interaction of different ana-
tomic components, which together resemble an anal 
continence “organ.” Maintenance of anal conti-
nence requires both autonomic and somatic nervous 
control, and is mediated by various structures:

•	 Puborectal sling, providing kink-like 
compression

•	 External anal sphincter, providing a lace-like 
closure

•	 Internal anal sphincter, providing a ring-like 
narrowing

•	 Corpus cavernosum recti, providing a cushion-
like closure

•	 Anodermal segment, providing a highly dis-
criminative somatic sensation of luminal 
content

•	 Rectal ampulla, providing a visceral sensation 
of luminal content before defecation

2.4.7	 �Pelvic Spaces

The musculofibrous systems of the pelvic floor 
divide the region between the peritoneal cavity 
and the perineal skin into three different compart-
ments (Fig. 2.8).

2.4.7.1	 �Subperitoneal Space
The subperitoneal space is delimited by the pelvic 
peritoneum from above and ends at the pelvic dia-
phragm (supradiaphragmatic/supralevatory com-
partment). It contains loosely arranged connective 
tissue, which condenses around the pelvic organs 
to form the paracystium, paraprostatium, paracol-
pium, parametrium, and paraproctium. Toward the 
lateral pelvic wall the space widens to give access 
to the neurovascular supply of the pelvis, pelvic 
organs, and lower extremities. Autonomic nerve 
fibers (hypogastric nerves, the inferior hypogastric 
plexus) descend from both sides, passing through 
the subperitoneal space in a dorsoventral direction 
to approach the intrapelvic organs.

2.4.7.2	 �Ischioanal Space 
and Perineal Body

Below the pelvic diaphragm extends the ischio-
anal fossa (infradiaphragmatic/infralevatory com-
partment). The space is shaped like a pyramid, 
with its base toward the perineal skin and its apex 
at the junction of the internal obturator and levator 
ani muscles, covered by the obturator and inferior 
pelvic diaphragmatic fasciae. A duplicate of the 
obturator fascia (Alcock’s canal) sheathes the 
internal pudendal vessels and pudendal nerve, 
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Fig. 2.8  Pelvic spaces. 
Frontal section of the pelvis 
(ventral view). 1 parietal 
peritoneum, 2 ureter, 3 
levator ani muscle covered 
by superior and inferior 
pelvic diaphragmatic 
fascia, 4 obturator muscle 
covered by obturator fascia, 
5 pudendal nerve and 
vessels ensheathed by 
doubling of obturator fascia 
(Alcock’s canal), 6 
superficial perineal fascia 
(transverse septum), 7 
external anal sphincter, 8 
anal canal, 9 perianal space 
(subcutaneous layer), 10 
ischioanal space (infradia-
phragmatic/infralevatory 
compartment), 11 
subperitoneal space 
(supradiaphragmatic/
supralevatory compart-
ment), 12 peritoneal cavity
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releasing their branches into the ischioanal fossa to 
reach the perineal structures. The ventral part of 
the ischioanal fossa surrounds the urethra and the 
vagina and is caudally closed by the urogenital 
diaphragm. The dorsal part surrounds the anal 
canal and extends toward the sacrotuberal liga-
ments and the gluteus maximus muscle. The 
ischioanal fossa is filled with loosely arranged 
areolar fat (corpus adiposum perinei). Because the 
anococcygeal ligament does not completely sepa-
rate both sides of the ischioanal fossa, infraleva-
tory abscesses may easily spread from one side to 
the other (an infralevatory “horseshoe” abscess).

The perineal body corresponds to the common 
tendinous insertion area of the external anal 
sphincter, the bulbospongious muscles, and 
transverse perineal muscles. The inferior contin-
uation of the rectogenital septum is intimately 
connected to the perineal body.

2.4.7.3	 �Perianal Space
Toward the perianal region the ischioanal fossa 
is caudally delimited by a thin fascia called the 
superficial perineal fascia, which forms from 
the diverging tendinous endings of the conjoint 
longitudinal muscle. The perianal space extends 
below this connective tissue plane. This space 
corresponds to the subcutaneous layer underly-
ing the perianal skin and contains small fat lob-
ules separated by rigid connective tissue septa.
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Physiology of Colon,  
Rectum, and Anus

Klaus Krogh and Soeren Laurberg

3.1	 �Functions of the Colon 
and Rectum

The main functions of the human colon and rec-
tum are:

•	 Transport and storage of feces
•	 Absorption of water and electrolytes
•	 Absorption of short-chain fatty acids (SCFAs)

Most absorption of water, electrolytes, and 
SCFAs occurs in the right colon, whereas the 
main function of the left colon is storage and 
evacuation of feces. Feces are transported in the 
large bowel as a result of muscular contraction in 
the walls of the colon and rectum. A knowledge 
of the physiology of large-bowel motility is 
important in understanding the various patholog-
ical changes that may effect large-bowel 
function.

3.2	 �Colonic and Rectal Muscle 
Physiology

3.2.1	 �Resting Membrane Potential

Smooth muscle cells within the circular and lon-
gitudinal colorectal muscle layers are arranged in 
bundles connected by gap junctions. Bundles 
fuse at many points, making each muscle layer 
function as a syncytium. The resting membrane 
potential of colorectal smooth muscle cells (−50 
to −60 mV) is not constant; rather, it undergoes 
small undulating changes called slow waves. 
Slow waves are generated by the interstitial cells 
of Cajal (pacemaker cells).

Slow waves do not cause colorectal contrac-
tions but influence the frequency of spike poten-
tials. Spike potentials are action potentials that 
occur when the resting membrane potential 
becomes more positive than about 
−40 mV. During spike potentials, calcium enters 
the smooth muscle cells, causing contraction.

Several factors influence the occurrence of spike 
potentials, either by depolarization, making the 
membrane potential more positive, and thus the 
cells more excitable, or by hyperpolarization, mak-
ing it more negative and the cells less excitable. 
Depolarization of the membrane potential is caused 
by stretching of the muscle cells, acetyl choline, and 
several gastrointestinal hormones. Hyperpolarization 
is caused by epinephrine and norepinephrine.
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3.2.2	 �Colonic Muscle Contraction

Colorectal contractions are either phasic or tonic:

•	 Phasic contractions last a few seconds and 
cause the intraluminal pressure to increase. 
They are well defined, having a definite begin-
ning and ending. Phasic contractions are the 
mechanical response of smooth muscle cells 
to spike potentials.

•	 Tonic contractions are less well-defined, last 
longer – usually several minutes or more – and 
may or may not be associated with increased 
intraluminal pressure.

Transit of colonic contents is often not associ-
ated with detectable pressure changes and may 
be due to changes in colonic tone. Two types of 
tone have been described:

•	 Tetanic tone is generated by the fusion of pha-
sic contractions and is thus dependent on pha-
sic activity and electrical spike potentials.

•	 Specific tone is not associated with spike 
activity or phasic activity and is probably reg-
ulated by chemical processes.

3.2.3	 �Colonic Motility

The following patterns of phasic colonic contrac-
tions have been identified:

•	 Single nonpropagating contractions
•	 Antegrade pressure waves
•	 Retrograde pressure waves
•	 Periodic colonic motor activity

Single nonpropagating contractions are fre-
quent and usually involve short segments of the 
colonic wall. Their main function is to mix the 
luminal content, thereby promoting absorption.

Antegrade pressure waves (mass or high-
amplitude propagating contractions) normally 
occur a few times each day, usually originating in 
the cecum or ascending colon, and span large 
parts of the colon, propelling contents aborally. 
The development of high-resolution fiber optic 

manometry has allowed detailed description of 
colonic contractions, including mass contrac-
tions. Mass contractions occur mostly during 
waking hours, especially upon awakening or 
after meals. The latter constitutes the colonic 
component of the gastrocolic response. The main 
function of mass contractions is colonic trans-
port, and their frequency and amplitude are 
reduced in patients with slow-transit constipa-
tion. Colonic mass contractions may progress 
into the rectum and result in defecation.

The function of retrograde pressure waves 
and periodic colonic motor activity (discrete 
bursts of periodic contractions, either propagat-
ing or localized) is unknown. High-resolution 
fiber optic manometry has revealed that the num-
ber of retrograde contractions is increased in 
patients with chronic constipation.

Colonic tone in humans remains to be 
described in more detail. However, both tetanic 
and specific tonic activities occur.

3.2.4	 �Rectal Motility

Rectal motility patterns resemble colonic pat-
terns, but there are certain differences. The fol-
lowing phasic rectal contractions have been 
identified:

•	 Isolated contractions
•	 Short clusters of contractions
•	 Powerful phasic contractions

The physiological significance of isolated 
contractions and short clusters of contractions 
(often with a low amplitude and a frequency of 
approximately five or six contractions per min-
ute) is as yet unknown.

Powerful phasic contractions within the rec-
tum have been called the rectal motor complex 
(RMC). The RMC is usually seen every 
60–120 min; it lasts several minutes and its con-
tractions have a frequency of 3–10 per minute 
(Fig.  3.1). Accordingly, it has a strong resem-
blance to phase 3 of the migrating motor complex 
within the small bowel. It is often located in a 
very short segment of the rectum; it can, however, 
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propagate orally or aborally. Because the RMC 
often is associated with contractions of the colon 
and the anal canal, it has been proposed that its 
main function is to prevent defecation.

Two types of change in rectal tone have been 
described:

•	 Rapid-volume waves
•	 Slow-volume waves

Rapid-volume waves last less than 2 min and are 
associated with increased luminal pressure. They 
are not affected by eating. Slow-volume waves last 
more than 2 min and are not associated with changes 
in intraluminal pressure, but their frequency 
increases after a meal. Slow waves may increase 
rectal sensation of luminal contents. Increased rec-
tal tone during defecation may change the rectum 
from a capacious reservoir to a conduit.

3.2.5	 �Postprandial and Diurnal 
Changes

Colorectal tone and the frequency of both colonic 
mass contractions and haustral colonic contrac-
tions increase within a few minutes after a meal. 
The effect is more pronounced in the left than in 
the right colon, and it usually lasts 30–60 min. 
This gastrocolic response is mediated by sympa-
thetic nerves and by the release of cholecystoki-
nin and perhaps gastrin. The effect is to move 
contents over large distances of the colorectum, 
often resulting in defecation.

Sleep has a strong inhibitory effect on colonic 
mass contractions, haustral contractions, and 
colorectal tone. However, during rapid eye move-
ment sleep and especially upon awakening, 
colonic tonic and phasic activity increases. The 
RMC is more frequent during sleep and may con-
tribute to nocturnal continence.

3.2.6	 �Neural Control of Colorectal 
Motility

Colorectal motility is controlled by various 
factors:

•	 Enteric nervous system (ENS)
•	 Prevertebral sympathetic ganglia
•	 Autonomic system within the brain stem and 

spinal cord
•	 Higher cortical centers
•	 Circulating hormones
•	 Immune system

3.2.6.1	 �Enteric Nervous System
Enteric nerves within the intermuscular plexus 
(Auerbach’s plexus) mainly control colorectal 
motility, and those within the submucosal plexus 
(Meissner’s plexus) mainly control mucosal 
secretion and blood flow. Neurotransmitters 
found in the ENS can either stimulate (acetylcho-
line, serotonin, histamine, cholecystokinin, 
angiotensin, motilin, and gastrin) or inhibit 
(dopamine, noradrenalin, glucagon, vasoactive 
intestinal polypeptide, enkephalin, and soma-
tostatin) motility. Receptors for histamine and 
serotonin have been classified into subgroups. 
Agonists and antagonists have been developed 
and may have a clinical role in the future.

The ENS generally consists of three types of 
neurons:

•	 Sensory neurons
•	 Interneurons
•	 Motor neurons

Sensory neurons, specialized to detect 
mechanical stimuli, temperature, or chemical 
properties, interact through multiple interneurons 
with motor neurons to either stimulate or inhibit 
smooth muscle contraction. Interneurons also 
integrate stimuli from the ENS with the extrinsic 
nerve system and hormones. Reflexes within the 
ENS can thus be activated by both local and 
extrinsic stimuli. Thus efferent parasympathetic 
fibers within the vagal and splanchnic nerves can 
stimulate motility over large distances of the gas-
trointestinal tract.

3.2.6.2	 �Prevertebral Sympathetic 
Ganglia

Sympathetic nerve fibers and prevertebral sym-
pathetic ganglia are considered the most impor-
tant mediators of the gastrocolic response, which 
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mediates colorectal phasic and tonic activity after 
a meal. Parasympathetic activity within the ENS 
depolarizes colorectal smooth muscle cells 
through the release of acetylcholine and stimu-
lates colorectal motility. If parasympathetic 
innervation is lost, colorectal reflex activity is 
reduced. A clinically important example is severe 
defecation disorders caused by reduced left 
colonic and rectal reflex activity and tone after 
damage to the splanchnic nerves or spinal cord 
lesions of the conus medullaris or cauda equina.

Sympathetic activity causes hyperpolarization 
of colorectal smooth muscle cells, reducing 
colonic phasic activity and tone. The clinical 
effects of sympathetic denervation have not been 
studied in detail, but observational studies indi-
cate that it has a minor effect on colorectal 
transport.

3.2.6.3	 �Autonomic System
Nonconscious sensory information is mediated 
through parasympathetic afferents in the vagal 
nerve or through the splanchnic nerves to the 
sacral spinal cord. Painful stimuli are conveyed 
through sympathetic afferents via a three-neuron 
chain from the colon to the brain: the cell body of 
the primary afferent is located in the dorsal root 
ganglia of the spinal cord. This synapses with 
dorsal horn neurons and conveys information 
through the spinothalamic or spinoreticular tracts 
to the thalamus and reticular formation. From 
there, a third neuron connects to higher sensory 
centers such as the anterior cingulate cortex.

The colon and rectum are insensitive to most 
stimuli; however, they are very sensitive to 
stretching. The subjective experience of rectal 
sensation is a feeling of rectal fullness and an 
urge to defecate. By contrast, colonic distension 
produces pain and colic. The location of rectal 
stretch receptors is controversial. The rectal 
mucosa contains no specific receptor type, which 
probably explains the poor discriminatory quality 
of rectal sensation.

3.2.6.4	 �Higher Cortical Centers
Higher brain centers that influence colonic motil-
ity include the frontal regions of the cerebral cor-
tex, the stria terminalis, the amygdala, and the 

hypothalamus. The effects on colorectal motility 
are mainly inhibitory; thus a loss of supraspinal 
control of the sacral reflex center may cause 
increased left colonic and rectal reflex activity 
and tone (Fig. 3.2).

3.2.6.5	 �Hormonal and Immune System 
Control

Thyroid hormone stimulates colorectal motility 
and epinephrine reduces it. The unique ability of 
the immune system to recognize specific antigens 
makes immunoneuronal integration important for 
bowel function. Once the immune system within 
the bowel wall becomes sensitized to specific 
antigens, a second exposure to that antigen causes 
mast cells to release histamine and other messen-
gers. Histamine acts on intestinal H2 receptors, 
stimulating electrolyte, water, and mucus secre-
tion, and promotes strong contractions, called 
“power propulsion,” spanning large distances 
within the bowel. Consequently, potentially harm-
ful antigens are quickly cleared from the lumen.

3.3	 �Colorectal Transit Time

Total and segmental colorectal transit times show 
great individual variation. Healthy asymptomatic 
subjects may have total colorectal transit times of up 
to 4 days. Left colonic and rectal transit time is usu-
ally longer than right colonic transit time. In healthy 
subjects, stool frequency and consistency probably 
correlate better with rectosigmoid transit time than 
with total colonic transit time. However, stool weight 
per day correlates with colonic transit time.

Stool weight in healthy people consuming a 
normal diet in Europe or North America is usu-
ally between 100 and 150 g/day. In rural Uganda 
it is up to 500 g/day. Dietary fibers, mainly bran, 
that do not undergo anaerobic bacterial fermen-
tation retain water within stools. Accordingly, 
bran increases stool weight and reduces colonic 
transit time in most individuals. It is, however, 
important that extra fiber does not reduce colonic 
transit times in women with severe idiopathic 
constipation; it may even further prolong transit 
times in patients with severely prolonged colonic 
transit times caused by spinal cord lesions.
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3.4	 �Anorectal Physiology

The main functions of the rectum and anal canal 
are:

•	 To maintain fecal continence
•	 To allow defecation at an appropriate time and 

place

The following factors are important in main-
taining anal continence:

•	 Internal anal sphincter muscle (IAS)
•	 External anal sphincter muscle (EAS)
•	 Puborectalis muscle
•	 Rectal compliance

•	 Anorectal sensitivity
•	 Anorectal motility

3.4.1	 �Internal Anal Sphincter

The IAS is a continuation of the circular muscle 
layer of the rectum and consists of smooth mus-
cle cells. Its main function is to contribute to the 
anal resting pressure. Anal resting pressure is 
extremely variable between individuals and tends 
to decrease with age and parity. The resting pres-
sure undulates in a slow-wave pattern of low 
amplitude and frequency. An ultra-slow-wave 
pattern of greater amplitude may also be present. 
Their physiological significance is unknown.

Hormones Immune
system

Fig. 3.2  Control of 
colorectal motility. White 
arrows: the enteric 
nervous system; solid 
lines: parasympathetic 
innervation; broken lines: 
sympathetic innervation
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3.4.2	 �External Anal Sphincter

The EAS comprises striated muscle. Its main 
function is to generate the anal squeeze pressure. 
The EAS is partly under voluntary control from 
Onuf’s nucleus in the ventral horn of the sacral 
spinal cord via the pudendal nerve and the peri-
neal branch of the S4 nerve.

3.4.3	 �Puborectalis Muscle

The striated puborectalis muscle creates an angle of 
approximately 80° at the anal rectal junction; this 
angle is considered to contribute to anal continence.

3.4.4	 �Rectal Compliance

Rectal compliance is defined as the relationship 
between rectal pressure and rectal volume, or the 
cross-sectional area (change in volume [ΔV]/
change in pressure [ΔP] or change in cross-
sectional area [ΔCSA]/ΔP). Reduced rectal 
compliance is considered the most important 
factor causing fecal incontinence following 
radiotherapy.

3.4.5	 �Anorectal Sensitivity

In contrast to the rectum, the mucosa of the anal 
canal has many sensory receptors. Thus the anal 
canal is extremely sensitive to touch, pin pricks, 
temperature, and movement. Even moderately 
reduced anal sensitivity  – for instance, that 
caused by diabetic neuropathy – may cause fecal 
incontinence.

3.4.6	 �Anorectal Motility

Coordination of motility between the rectum and 
anal canal is central to both continence and effi-
cient evacuation.

3.4.6.1	 �Rectoanal Reflexes
The anal sampling and the rectoanal inhibitory 
reflexes are important to continence. The anal 
sampling reflex (Fig. 3.3) allows contents of the 
rectum to come into contact with the anal mucosa 
and thereby determine the nature of the rectal 
contents (i.e., solid or liquid stool or gas). After a 
short relaxation of the anal upper canal, anal 
pressure normalizes, forcing the contents back 
into the rectum.

The rectoanal inhibitory reflex mediates relax-
ation of the IAS during rectal distension 
(Fig.  3.4). It is conducted through intramural 
nerve fibers but may be enhanced by parasympa-
thetic stimuli from the sacral spinal cord. The 
rectoanal inhibitory reflex is absent in 
Hirschsprung’s disease.

3.5	 �Defecation

Defecation is normally preceded by colonic mass 
movements that bring colonic contents to the rec-
tum. Distension of the rectal wall may further 
stimulate contractions of the colon and rectum 
through an intrinsic reflex mediated by the ENS 
and by the parasympathetic defecation reflex, 
which involves the sacral segments of the spinal 
cord. Phasic rectal contractions occur and rectal 
tone increases, changing the rectum from a capa-
cious reservoir to a conduit. Filling of the rectum 
stimulates the rectoanal inhibitory reflex, relax-
ing the IAS. Relaxation of the puborectalis mus-
cle creates an obtuse angle, overcoming the anal 
flap valve mechanism, and defecation occurs if 
the EAS is relaxed. The process is enhanced by 
increasing abdominal pressure through a Valsalva 
maneuver. Under normal circumstances, defeca-
tion can be postponed by voluntary contraction of 
the EAS.  The defecation reflex then gradually 
subsides and rectal compliance increases. The 
amount of luminal transport before and during 
defecation varies considerably. If the defecation 
reflex is interrupted, colorectal transport upon 
defecation is significantly reduced (Fig. 3.5).
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3.6	 �Physiological Assessment 
of the Colon and Rectum

3.6.1	 �Colonic Motility

Most studies of colorectal motility have been per-
formed using pressure transducers connected to a 
luminal catheter. These are either perfused, low-
compliance systems or use pressure-sensitive 
strain gauges. Perfused catheters are especially 
suited for studies of sphincters because they mea-
sure contractions that obstruct their side holes. 
This restricts their usefulness in nonsphincteric 

regions. Furthermore, ambulatory studies cannot 
be performed and the association between 
changes in pressure and luminal cross-sectional 
area is poor. Intraluminal pressure-sensitive 
strain gauges are better suited for chronic mea-
surements, and ambulatory systems are available, 
but they are expensive and placement requires 
colonoscopy. High-resolution colonic manome-
try based of fiber optics has given new and 
detailed insight into colorectal motility in healthy 
patients and in patients with constipation. The 
method is, however, extremely expensive and 
only available in a few centers.
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3.6.1.1	 �Colorectal Transit Times
Colorectal transit times can be determined by:

•	 Transit of radio-opaque markers
•	 Scintigraphy
•	 Capsule methods

Radio-opaque markers are counted either in 
stools or on plain abdominal films (Fig.  3.6). 
Markers can be taken as a single dose and fol-
lowed by a single film after a fixed time interval 
(often 3–4 days), as a single dose followed by 
multiple films after fixed time intervals, or as 
multiple doses followed by a single film (often 
after 7 days). The first method can distinguish 
between constipated patients and healthy sub-
jects but does not give any quantitative infor-
mation about total or segmental colorectal 
transit times. If markers are followed by multi-
ple films or if markers are taken on multiple 
days followed by a single film, total and seg-
mental transit times can be determined.

Scintigraphy can be used to determine transit 
times throughout the gastrointestinal tract. 
Scintigraphy is superior for measuring gastric 
and small-bowel transit but less good for measur-
ing colorectal transit. Colonic transit times vary 
greatly among individuals, and many patients 
with subjective complaints of constipation have 
normal colorectal transit times.

Capsule methods include the wireless motil-
ity capsule (WMC) and the Motilis 3D-Transit 
system. The WMC is widely available and easy 
to use. It provides information on pH, pressure, 
and temperature, thereby allowing gastric emp-
tying, small-intestine transit time, and total 
colorectal transit time to be assessed. The WMC 
does not allow assessment of segmental colorec-
tal transit times. The Motilis 3D-Transit is based 
on tracking an electromagnet throughout its 
passage through the gastrointestinal tract. The 
method allows a fully ambulatory description of 
regional gastrointestinal transit times and holds 
promise for describing specific contraction 
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patterns, including colorectal mass movements. 
The method is, however, still only for experi-
mental use.

3.6.1.2	 �Colorectal Emptying
Movement of colorectal contents during defeca-
tion can be assessed by means of evacuation 
proctography. However, this is a highly nonphys-
iological test and does not give any detailed 
quantitative measurement of colorectal transport. 
Isotope proctography with radio-labeled material 
inserted into the rectum allows quantitative 
description of rectal emptying. It also is a non-
physiological test because the isotope is not 
mixed with the feces and because the test does 

not give information about the movement of 
colonic contents.

3.6.1.3	 �Rectal Compliance and Tone
Compliance is the parameter most often used to 
describe colorectal distensibility. It is usually 
defined as ΔV or ΔCSA divided by ΔP. Rectal 
compliance computed from pressure–volume 
curves during rectal distension is commonly used 
to describe rectal wall properties in research and 
clinical practice. Measurement of rectal cross-
sectional area during distension is of value mainly 
in a research setting.

Rectal tone may be measured by use of a baro-
stat that measures changes in the intraluminal 

Fig. 3.5  Colorectal 
transport: scintigraphy 
before (left) and after 
(right) defecation. Normal 
(top) and in a patient with 
a sacral spinal cord lesion 
(bottom)
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volume of a balloon at constant pressure. It is dif-
ficult to distinguish whether changes are caused 
by tone in the rectal wall as a result of muscle 
contraction, increased connective tissues, or 
other factors. The method is best suited for stud-
ies of changes in rectal tone, for instance, after a 
meal.

3.6.1.4	 �Rectal Sensibility
Rectal sensibility is usually evaluated by disten-
sion with either a balloon or a condom. The 
method is extremely imprecise because of elon-
gation of the balloon within the rectum. A large 
bag made from a low-compliance material 
reduces the error from elongation and provides 
more reproducible data.

Multimodal rectal stimulation with disten-
sion, electricity, and temperature allows the 
analysis of various subtypes of rectal sensory 
receptors. Rapid balloon distension of the rec-
tum and anal canal holds promise for future eval-
uation of the cerebral response to anorectal 
stimuli and may be a more physiological stimu-
lus than electrostimulation.

3.6.2	 �Anal Manometry

Anal manometry may be performed using:

•	 A solid-state pressure transducer
•	 Balloon manometry
•	 A perfused system

Normal parameters vary greatly depending on 
the technique used and the population studied. 
Nevertheless, anal manometry is a standard part 
of the investigation of fecal incontinence. The 
functional lumen imaging probe was introduced 
for detailed evaluation of the distensibility of the 
anal sphincter complex (Fig. 3.7). Whether resis-
tance to dissension is a physiologically more 
important parameter than pressure remains to be 
proven.

3.7	 �Absorption of Water 
and Electrolytes

Under normal circumstances, approximately 
1,500–2,000 mL of fluid pass from the ileum to 
the colon each day. The fluid contains sodium, 
potassium, chloride, and bicarbonate. Most water 
is absorbed, especially in the right colon, and 
only 100–150 mL is lost in the stool. Furthermore, 
the colon has a significant absorptive reserve 
capacity: approximately 5–6  L.  Overall, the 
colon absorbs sodium and chloride and secretes 
potassium and bicarbonate. Sodium absorption 
and bicarbonate secretion are active processes 
against the negative electrical potential differ-
ence between mucosal cells and the lumen. 
Potassium secretion is mainly dependent on 
potential, but there may also be active transport.

The chemical composition of luminal contents 
and stretching of the wall activate receptors in the 
colonic wall. Through the release of messengers 
from motor neurons to the neuroepithelial junc-
tions, water and electrolyte transport through the 
epithelium cells is stimulated or inhibited. 
Messengers that act at the neuroepithelial junc-
tions include acetylcholine and vasoactive intes-
tinal peptide (antiabsorptive messengers) and 

Fig. 3.6  Radio-opaque markers used to determine 
colorectal transit time
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somatostatin and neuropeptide Y (proabsorptive 
messengers).

Release of norepinephrine from sympathetic 
nerve cells acts through alpha receptors to increase 
water, sodium, and chloride absorption. This 
mechanism may be disrupted in autonomic dia-
betic neuropathy. Release of acetylcholine from 
parasympathetic fibers within the vagal or sacral 
nerves reduces water and sodium absorption in the 
colon. Mineralocorticosteroids, glucocorticoids, 
and somatostatin stimulate colonic sodium trans-
port, whereas mineralocorticosteroids also stimu-
late potassium secretion.

3.8	 �Absorption of SCFAs

Dietary fibers are complex macromolecular 
plant substances that are resistant to hydrolysis 
by human digestive enzymes. SCFAs (mostly 
acetic, propionic, and butyric acids) are pro-
duced by anaerobic bacterial fermentation of 
dietary fiber. Most SCFAs are produced and 
absorbed in the right colon. SCFAs are readily 
absorbed by colonic mucosa, are precursors for 
mucosal lipid synthesis, and provide a major 
source of energy for colonocytes. SCFAs stimu-
late colonic sodium absorption.
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Hemorrhoids

Felix Aigner

Abbreviations

ATZ	 Anal transitional zone
CCR	 Corpus cavernosum recti
DG-HAL	 Doppler-guided hemorrhoidal artery 

ligation
SRA	 Superior rectal artery

4.1	 �Introduction

Hemorrhoidal disease is one of the most common 
benign disorders of the lower gastrointestinal 
tract. Hemorrhoids per se are vascular cushions 
forming a gas-tight seal at the anorectal junction 
and contribute to the physiological continence 
mechanism. Enlargement of these hemorrhoidal 
cushions and subsequent sliding into the anal 
canal or through the anus cause clinical symp-
toms such as bleeding, mucosal discharge, or 
pruritus and are the most common complaints 
defining hemorrhoidal disease and leading to 
patient referral to a coloproctologist. Treatment 
options comprise conservative and surgical thera-

pies applied according to a patient’s complaints. 
Asymptomatic hemorrhoids do not require surgi-
cal treatment.

4.2	 �Anatomy

The vascular plexus within the subepithelial 
space of the anal transitional zone (ATZ) has 
been described as “corpus cavernosum recti” 
(CCR) and claimed to provide mechanical rather 
than nutritional functions, resembling the mor-
phological features of erectile tissues (Fig. 4.1).

Several anatomic investigations have demon-
strated the existence of arteriovenous communi-
cations between the terminal branches of the 
superior rectal artery (SRA) and the CCR [13, 
19]. This subepithelial vascular plexus is known 
to be a complex system of thin-walled tortuous 
venous structures supported by smooth muscle 
and fibroelastic tissue scaffolding [9]. These vas-
cular structures, surrounded by fibromuscular tis-
sue, have been described as so-called anal 
glomerula, corresponding to the anal cushions 
[18]. Anatomic investigations suggest the exis-
tence of a specialized functional vascular net-
work at the anorectal region, similar to that of the 
penile corpora cavernosum. Others hypothesized 
the presence of some kind of regulating veins in 
the CCR [2]. Anatomic studies provide clear 
morphological and functional evidence for 
distinct vascular glomerula equipped with 
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sphincter-like constrictions; these are most likely 
responsible for regulating the filling and drainage 
of the CCR [2, 18]. Data suggest that the CCR 
possesses an intrinsic active contractile mecha-
nism that is able to ensure effective blood trans-
port through the CCR [2]. Disruption of this 
intrinsic blood flow regulation and concomitant 
replacement of smooth muscle tissue with con-
nective tissue seem to be key factors in the patho-
genesis of hemorrhoidal disease.

4.3	 �Symptoms

The most common complaints of patients with 
hemorrhodial disease are bleeding upon defeca-
tion, pruritus, anal seepage or soiling, anal pain, 
and mucoanal prolapse. For symptomatic assess-
ment, the individual burden of suffering is essen-
tial, since asymptomatic piles or skin tags are not 
an indication for treatment of hemorrhoids.

4.4	 �Etiology

The pathogenesis of hemorrhoidal disease is 
multifactorial and controversial [19]:

	1.	 The hyperplasia theory describes disturbance 
of the drainage of the CCR as a result of 
increased sphincter resting tone, on the one 
hand, and prolapse of the ATZ into the anal 
canal, on the other.

	2.	 The varicose vein theory has been abandoned 
because patients with portal hypertension do 
not show an increased incidence of hemor-
rhoidal disease.

	3.	 The anal sliding lining theory is associated 
with the first theory: increased intraab-
dominal pressure (during pregnancy or 
upon straining during dfaecation, espe-
cially by constipated patients) results in 
distension and rupture of submucosal 
smooth muscle fibers and subsequent pro-
lapse of the ATZ.

4.5	 �Classification

The traditional Goligher classification is applied 
for grading hemorrhoidal disease:

Grade 1 hemorrhoids do not prolapse at examina-
tion and are only visible through a 
proctoscope.

Anorectal junction

Transitional zone

Dentate line

Anoderm

Corpus cavernosum
recti (CCR)

Anocutaneous line

Perianal skin

Fig. 4.1  Anatomic 
description of the 
anorectal junction. The 
rectum specimen is cut 
longitudinally
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Grade 2 hemorrhoids prolapse during defecation 
but reduce spontaneously.

Grade 3 hemorrhoids prolapse and need manual 
repositioning.

Grade 4 hemorrhoids prolapse but cannot be 
reduced digitally into the anal canal by the 
patient.

From a clinical point of view, the Goligher 
classification is rather rigid, since other symp-
toms such as mucosal prolapse, fecal inconti-
nence, and segmental or circular prolapse of the 
hemorrhoidal tissue (Fig.  4.2a, b) are not 
included. The classification according to Müeller-
Lobeck [10] also differentiates between acute 
thrombosed (grade 4a) and chronic fibrosing 
(grade 4b) hemorrhoids.

4.6	 �Diagnosis

History taking is the most important step toward 
a diagnosis of hemorrhoidal disease and should 
include a question about pretreatment for hemor-
rhoidal complaints. Individual complaints and 
burden of disease should be taken into account. 
Questions about pain and discomfort upon defae-
cation, pruritus, bleeding, soiling, mucosal dis-
charge, and any kind of preexisting fecal 
incontinence, as well as the extent of prolapsing 
tissue, are mandatory.

The position of the patient during examination 
and surgical intervention depends on the investi-

gator’s preference and does not matter from a 
clinical point of view (either the left lateral, 
lithotomy, or jacknife position). Inspection of the 
perianal region should determine the presence of 
anal fissures, fistula openings, and erythema. A 
digital rectal examination using the examinor’s 
index finger should exclude tumor masses, pol-
ypoid structures, rectoceles, and internal fistula 
openings and should assess the anal resting and 
squeeze pressures. The Valsalva maneuver can 
induce any kind of prolapse and facilitates the 
differentiation bewteen hemorrhoidal and rectal 
prolapse.

Rigid proctoscopy and rectosocopy visualiz-
ing at least 15  cm of the rectum is a standard 
requirement before treatment. Colonoscopy is 
recommended whenever the history suggests 
anything more than hemorrhoidal symptoms 
(e.g., colorectal cancer).

4.7	 �Treatment

4.7.1	 �Conservative Treatment

Preventive treatment for hemorrhoidal disease 
should be considered as concomitant therapy 
(e.g., stool softeners, a fiber-rich diet, sufficient 
fluid intake, and avoiding excessive straining 
during defecation), independent of the hemor-
rhoidal grade. Drugs (e.g., suppositories, 
ointments, creams, flavonoids) can reduce hem-
orrhoidal symptoms. The effect is characterized 

a b

Fig. 4.2  Segmental (a) and circular (b) hemorrhoidal prolapse of patients with grade 3 hemorrhoidal disease
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by the anti-inflammatory, analgesic, and local 
anaesthetic properties of the drugs. Topical ste-
roids should be applied only for short periods to 
avoid atrophy of the perianal skin and anoderm. 
A series of prospective randomized trials high-
lighted the healing effect of diosmin (flavonoid) 
regarding the end points of pain, bleeding, and 
pruritus in terms of hemorrhodial disease [6].

4.7.2	 �Surgical Treatment

The leading indication for invasive techniques is 
the individual burden of hemorrhoidal disease, 
rather than grade of hemorrhoidal prolapse, since 
it is assumed that the associated symptoms are 
partly independent of the anatomic derangement 
(Table  4.1). Nonresecting minimally invasive 
techniques can be performed on an outpatient 
basis, with low morbidity. The major target is an 
induced inflammatory stimulus (e.g., sclerosing 
injection or rubber band ligation), resulting in 
“controlled” scarring and thereby fixation of the 
ATZ and the prolapsed mucosa to the rectal wall.

4.7.3	 �Sclerosing Injection

Slerotherapy is widely used for grade 1 and 2 hem-
orrhoids and consists of submucosal injection of a 
tissue-irritating agent (ethoxysclerol or 5 % phenol 

in almond oil), which causes fibrosis and fixation of 
the hemorrhoidal zone to the rectal wall [8].

4.7.3.1	 �Technique
The needle is inserted into the rectal submucosa 
above the hemorrhoidal pedicle, and 2–3 mL are 
injected at each site, depending on the agent and its 
concentration. It is important not to inject directly 
into the CCR, the muscularis recti, or the internal 
sphincter muscle. Depending on the agent and its 
concentration, up to three injection sites are possi-
ble during one session. The injection procedure can 
be repeated at monthly intervals until symptoms 
(e.g., bleeding) have ceased. The complication rate 
is rather low (0.7–6.5 %) [10]; however, recurrence 
is common in the long term (up to 70 %).

4.7.4	 �Rubber Band Ligation

This method is the most commonly applied treat-
ment for grade 1 and 2 hemorrhoids [3]. Rubber 
band ligation of the rectal mucosa above the 
hemorrhoidal pedicle causes ulceration and scar-
ring of the respective area, resulting in fixation of 
the ATZ.

4.7.4.1	 �Technique
Rubber bands are applied through a proctoscope 
(several modifications of the applicator are avail-
able), with or without simultaneous injection of 
sclerosing agents both to avoid early rejection of 
the rubber band by the contraction of the smooth 
muscularis mucosae and to provide an additional 
sclerosing effect to the banded rectal mucosa. 
Up to three applications can be made during one 
session, which can be repeated at monthly inter-
vals on an outpatient basis. The most common 
pitfall is setting the ligation too close to or below 
the dentate line, which causes immediate pain 
and subsequent perianal thrombosis caused by 
painful hypercontraction of the sphincter mus-
cles. Bleeding—especially after rejection of the 
rubber band and necrotic rectal mucosa on pos-
tintervention days 5–7—might be the cause for 
readmission, and a 25 % recurrence rate of 
haemorrhoidal complaints within 5 years of fol-
low-up are common.

Table 4.1  Surgical treatment of hemorrhoidal disease

Nonresection techniques
 � Sclerosing injection
 � Rubber band ligation
 � Infrared coagulation
 � Laser hemorrhoidoplasty
 � Ligation-based techniques
 �   Hemorrhoidal artery ligation without mucopexy
Resection techniques
 � Stapled hemorrhoidopexy
 � Conventional hemorrhoidectomy
 �   Milligan-Morgan
 �   Parks
 �   Ferguson
 �   Fansler-Arnold
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4.7.5	 �Infrared Coagulation

Application of infrared energy causes localized 
submucosal coagulation and necrosis with con-
secutive inflammation and, again, fixation of the 
ATZ.  Recurrence rates are similar to those for 
rubber band ligation; however, the lack of pain 
during this procedure favors infrared coagulation. 
This technique may cause local necrosis, and its 
use has been widely abandoned in Europe [3].

4.7.6	 �Laser Hemorrhoidoplasty

Laser hemorrhoidoplasty uses an 980-nm laser 
diode to deliver energy to the submucosal 
branches of the SRA that supply blood to the 
hemorrhoids. The laser energy is applied in a 
pulsed fashion, resulting in photocoagulation of 
the arterial branches and fixation of the rectal 
mucosa and submucosa to the muscular layer. 
Authors have demonstrated that this is a safe, 
effective, and painless technique for the treat-
ment of symptomatic grade 2–3 hemorrhoids 
with minimal or moderate mucosal prolapse, and 
it is suitable as ambulatory treatment [4]. These 
early results are positive, but more confirming 
studies are mandatory.

4.7.7	 �Ligation-Based Techniques

Ligation techniques, such as Doppler-guided 
hemorrhoidal artery ligation (DG-HAL), were 
introduced to reduce the arterial inflow to the 
CCR and thus preserve the hemorrhoidal zone as 
part of the continence system. In addition to inap-
propriate application of this surgical alternative 
for higher grade hemorrhoids, high recurrence 
rates of up to 38 % after DG-HAL [5] are the 
result of technical failure of the ligation tech-
nique itself. Doppler-guided ligations can be set 
too high above the ATZ, missing the targeted sub-
mucosal branches of the SRA. However, prolaps-
ing hemorrhoids have been proposed to be 
insufficiently treated by solely interrupting the 
arterial inflow without repositioning the ATZ by 
mucopexy in DG-HAL. To overcome the short-

comings of the DG-HAL procedure, suture liga-
tion has been modified to address the pexy of the 
hemorrhoidal prolapse by fixing it above the den-
tate line (Fig. 4.3). Many terms for this technique 
have been established, including “rectoanal 
repair,” “transanal hemorrhoid mucopexy,” and 
“anal lifting.”

4.7.7.1	 �Technique
Mucopexy with or without DG-HAL is per-
formed using a specific proctoscope equipped 
with a Doppler probe. The proctoscope has a slid-
ing part comprising the operating window and a 
Doppler probe for better proximal and distal 
movement without repositioning the proctoscope 
during the mucopexy. The detected arteries are 
directly ligated with a Z-stitch at the site of the 
best Doppler signal. Once the arteries are trans-
fixed, the sites of greatest prolapse are treated by 
targeted mucopexy using the slide in the procto-
scope. Recent studies conclude that repositioning 
of the ATZ remains the key step in treating pro-
lapsing hemorrhoids [17]. Detecting submucosal 
arterial signals might be confusing for the operat-
ing surgeon because the distribution pattern of 
the terminal branches of the SRA varies [1]. The 
Doppler transducer is supposedly not that crucial 
to the marked beneficial effect of this tissue-
preserving technique [17]. Advantages of muco-
pexy and fixation of the ATZ with or without 
DG-HAL are a short hospital stay, low postopera-
tive pain and analgesic consumption, and quick 
recovery and return to daily activities. DG-HAL 
is safe and efficacious, with a low level of postop-
erative pain. It can be safely considered for the 
primary treatment of grade 2 and 3 hemorrhoids. 
Recurrence rates depend on the addition of muco-
pexy to DG-HAL and range between 3 % and 
60 % (pooled recurrence rate, 17.5 %) [15].

4.8	 �Resection Techniques

4.8.1	 �Stapled Hemorrhoidopexy

The rationale of this technique includes reposi-
tioning the ATZ by circular excision of redundant 
rectal mucosa (at least resection of a 2.5-cm-high 
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mucosal cuff) with the use of a circular stapling 
device, thus reducing hemorrhoidal prolapse and 
improving venous drainage of the CCR.

4.8.1.1	 �Technique
The level of circular resection is targeted by a 
submucosal purse-string suture set approxi-
mately 3.5–4 cm above the dentate line, with the 
staple line finally located 1.5–2  cm above this 
anatomic borderline between the rectum and anal 
canal. In women, caution must be taken not to 
capture the posterior vaginal wall within the sta-
pling line, which might happen after grasping too 
much rectal wall within the purse-string suture.

This technique is appropriate for grade 3 hem-
orrhoids without a large external component 
(skin tags) or circular mucosal prolapse, as well 
as grade 4 hemorrhoids after primary conserva-
tive treatment (deswelling and repositioning). 
Meta-analyses comparing stapled hemorrhoido-
pexy with conventional hemorrhoidectomy 
favored stapled hemorrhoidopexy because of its 
shorter operation times, faster recovery of bowel 
function, shorter hospital stay, less postoperative 
pain, and higher patient satisfaction as a mini-
mally invasive technique, but it does result in 
higher recurrence rates over the long term [7]. 
Adverse effects of this technique are bleeding 
from the staple line and pain inthe case of sta-

pling too deep, beyond the dentate line. Urgency 
is an underestimated adverse event of stapled 
haemorrhoidopexy because of reduction of the 
compliance and capacity of the distal rectum.

4.8.2	 �Conventional 
Hemorrhoidectomy

The principle of all conventional hemorrhoidec-
tomy techniques is to excise hypertrophied 
prolapsing hemorrhoidal tissue, including exter-
nal components (skin tags), caused by chronic 
prolapse of grade 3 and 4 hemorrhoids. The key 
to success with these techniques is not defined 
through radicality, but rather not touching the 
internal sphincter muscle and preserving suffi-
cient anoderm bridges to avoid postoperative ste-
nosis and functional disorders.

4.8.2.1	 �Technique
The difference between the Milligan-Morgan, 
Parks, and Ferguson techniques lies in how the 
operation is finished. In the Milligan-Morgan 
technique the excisional areas are left open for 
secondary wound healing (Fig.  4.4), whereas 
Parks describes a semiclosed and Ferguson a 
closed hemorrhoidectomy technique, including 
reconstruction of the anoderm (Parks) and/or 

Fig. 4.3  Mucopexy technique (rectoanal repair) with repositioning of the anal transitional zone
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perianal skin (Ferguson) with absorbable sutures. 
The vascular pedicle is occluded with conven-
tional stitch sutures or bipolar sealing devices; 
the latter result in less postoperative bleeding and 
pain [16]. The Milligan-Morgan technique is 
associated with low recurrence rates (<5 % [7]) 
but significantly more postoperative pain and 
anal stenosis, especially following excessive 
excisions. The advantage of the reconstructive 
techniques (Parks, Ferguson) is the anatomic 
reconstruction of the anorectal junction. However, 
a slightly increased rate of postoperative septic 
complications resulting from the closure of a 
potentially infected anal wound and a technically 
more challenging operation should be taken into 
account. The Fansler-Arnold technique for fixed 
circular hemorrhoidal prolapse describes a com-
plete reconstruction of the anoderm using a flap 
technique during hemorrhoidectomy.

Summarizing all surgical techniques, a tai-
lored approach to hemorrhoidectomy should be 
applied on an individual basis since the tradi-
tional Goligher classification does not discrimi-
nate between segmental and complete circular 
hemorrhodial prolapse (e.g., in grade 3 hemor-
rhoids; Fig.  4.2). Thus partial hemorrhoidecto-
mies are justified regarding avoidance of 
overtreatment in patients where additional muco-
sal prolapse or bleeding hemorrhoids can best be 
treated by ligation-based techniques. A treatment 
algorithm is presented in Fig. 4.5.

4.8.3	 �Pre- and Postoperative Care

Mechanical bowel preparation is not necessary 
and a small enema is sufficient on the morning  
of surgery. Some surgeons perfer no bowel 

a b

c d

Fig. 4.4  Conventional hemorrhoidectomy (Milligan-
Morgan). Preoperative aspect (a), resection of the hemor-
rhoidal tissue with preservation of the internal sphincter 

muscle (b), open wound healing (c), and hemorrhoidec-
tomy at three sites of prominent hemorrhoidal prolapse 
(d)
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preparation at all. The use of prophylactic antibi-
otics is not based on evidence, and they do not 
provide any benefit. Anal tamponade is not rec-
ommended. The best postoperative treatment of 
the wounds after conventional hemorrhoidec-
tomy is daily showering, sitz baths, and cleansing 
with water after defecation. Stool softeners 
should be administered to avoid straining during 
defecation (the major cause of hemorrhodial dis-
ease). Use of urinary catheters is possible; how-
ever, urinary retention after anal surgery is not 
negligible, especially when tamponades are used. 
Hemorrhoidal surgery can be performed on an 
outpatient basis, especially when using mini-
mally invasive techniques such as rubber band 
ligation, sclerotherapy, and laser hemorrhoido-
plasty for grade 1 and 2 hemorrhoids. However, 
patients must be sufficiently instructed to be 
readmitted in the case of an emergency. Close 
communication with the operating surgeon is 
mandatory.

Regarding perioperative use of heparin, the 
author suggests referencing practice parameters 
for the prevention of venous thrombosis [14].

4.8.4	 �Complications and Their 
Management

4.8.4.1	 �Pain
•	 Pain is often temporary, complicated if long-

lived, extraordinarily heavy, or occurring after 
an interval with no pain.

•	 Conventional hemorrhoidectomy techniques 
are more frequently associated with pain.

•	 Pain following rubber band ligation or stapled 
hemorrhoidopexy is often correlated with 
unnecessary distal ligation or stapling of the 
sensitive anoderm.

•	 Examination under anesthesia might be neces-
sary in patients with persistent pain following 
hemorrhoidectomy.

Symptomatic patient
(bleeding, soiling, pruritus, mucous discharge, prolapse, pain)

History
(since when? piles prolapsing? when do symptoms appear? pre-treatment? colonoscopy? bowel habits?)

Clinical examination
(inspection, straining, digital rectal examination, proctoscopy/rectoscopy)

Conservative treatment
(stool softeners, change of bowel habits, ointments, suppositories, flavonoids

Rubber band ligation
Sclerosing injection
Infrared coagulation

Ligation-based techniques
Laser haemorrhoidoplasty

Mucopexy
Stapled haemorrhoidopexy

Conventional haemorrhoidectomy

Tailored Approach
(e.g. ventral grade 4 with skin tags, dorsal only grade 2 prolapse)

Grade 1 2 3 4

Fig. 4.5  Treatment algorithm for hemorrhoidal disease
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•	 Regular use of a fixed analgesic regime is 
mandatory (at least recommended).

4.8.4.2	 �Postoperative Bleeding
•	 Patients with hemorrhage within 48 h postop-

eratively should be readmitted in the case of 
persistent bleeding.

•	 Postoperative bleeding rarely requires early 
surgical intervention.

•	 Intraoperative bleeding from the staple line in 
stapled hemorrhoidopexy should be treated 
with additional Z-stitches at the end of the oper-
ation (there is up to a 35 % incidence of hemor-
rhage requiring surgical intervention [11]).

4.8.4.3	 �Urinary Retention
•	 Urinary retention is often correlated with 

postoperative pain or excessive intraoperative 
intravenous fluid consumption, anal tampon-
ades, or preexisting urinary retention (e.g., in 
prostate hypertrophy).

•	 A perioperative urinary catheter might be 
useful.

4.8.4.4	 �Anorectal Sepsis
•	 Local septic complications are rare following 

conventional hemorrhoidectomies, but they 
are significantly more common after stapled 
hemorrhoidopexy [7].

•	 Treatment is the same as for cryptoglandular 
abscesses and fistulae.

•	 Life-threatening Fournier gangraene is rare 
but is associated with high mortality.

4.8.4.5	 �Anal Stenosis
•	 Anal stenosis is rare but frequently occurs in 

cases of excessive resection of the sensitive 
anoderm.

•	 Anal stenosis can be treated with anal dilation 
or anoplastic interventions (e.g., a house 
flap).

4.8.4.6	 �Fecal Incontinence
•	 Fecal incontinence is an underestimated side 

effect of resection techniques (occurs in up to 
30 % [12]).

•	 Urge incontinence especially occurs follow-
ing stapled hemorrhoidopexy (caused by the 

reduced capacity and compliance of the rectal 
ampulla).

•	 Passive incontinence with loss of the internal 
sphincter muscle can occur following exces-
sive resection of the rectal wall.

•	 Caution must be taken with patients with pre-
existing fecal incontinence or weak sphincter 
tone (thus favoring tissue-preserving ligation 
techniques).

4.8.4.7	 �Recurrence
•	 Recurrence must be differentiated from resid-

ual complaints of incomplete resolution of the 
prolapse.

•	 A long-term cure is appreciated (up to one 
third of patients experience recurrent symp-
toms in the long run).

•	 Recurrence occurs more frequently following 
ligation techniques than resection 
techniques.

4.8.5	 �Special Conditions

4.8.5.1	 �Acute Thrombosed 
Haemorrhoidal Prolapse (Anal 
Prolapse, Grade 4A [10])

Emergency hemorrhoidectomies are rarely 
indicated. Patients with acute thrombosed hem-
orrhoidal prolapse should be examined and 
perianal thrombosis excluded. The primary tar-
get is to reposition the prolapse to allow 
deswelling of the edematous anorectal mucosa/
skin. Therefore, conservative treatment (anal-
gesic, anti-inflammatory, and cooling treat-
ments) is to be recommended rather than 
excessive resection in the edematous anal 
region. Early elective surgical intervention 
might be scheduled in the following days 
(remember tailored hemorrhoidectomy). In the 
majority of cases no further surgery is needed 
(e.g., after childbirth).

4.8.5.2	 �Inflammatory Bowel Disease
Hemorrhoidal disease in patients with Crohn’s 
disease should be surgically treated with the 
greatest caution and reluctance (if possible and if 
the patient is in a stage of remission).
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4.8.5.3	 �Immunocompromised Patients
Attention must be paid to the prolonged healing 
process in immunosuppressed patients (e.g., 
those with human immunodeficiency virus and 
after transplant). Antibiotic prophylaxis is 
recommended.

4.8.5.4	 �Pregnancy
Surgical treatment of hemorrhoidal disease in 
pregnant women should be performed with the 
greatest reluctance. Perianal thrombosis originat-
ing from the anal verge frequently occur during 
pregnancy and can be treated with excision under 
local anesthesia or conservatively.

4.8.5.5	 �Recurrent Hemorrhoidal 
Disease

Causes are incomplete removal of the primary pro-
lapse or recurrent complaints after a period of 
remission. Recurrence after minimally invasive 
techniques (sclerosing injection, rubber band liga-
tion, ligation-based techniques) can feasibly be 
treated the same way again; however, the subse-
quent treatment is less effective. Repeated stapled 
hemorrhoidopexy should be appraised critically 
because of possible septic complications or urge 
incontinence. Recurrence following conventional 
techniques should be treated with ligation-based 
methods instead, unless re-resection is performed to 
spare as much of the anoderm as possible (anal 
stenosis).

References

	1.	 Aigner F, Bodner G, Conrad F, Mbaka G, Kreczy A, 
Fritsch H. The superior rectal artery and its branching 
pattern with regard to its clinical influence on ligation 
techniques for internal hemorrhoids. Am J  Surg. 
2004;187:102–8.

	 2.	Aigner F, Gruber H, Conrad F, Eder J, Wedel T, Zelger 
B, et al. Revised morphology and hemodynamics of 
the anorectal vascular plexus: impact on the course of 
hemorrhoidal disease. Int J  Colorectal Dis. 
2009;24:105–13.

	 3.	Aigner F, Haunold I, Salat A.  Stadiengerechte 
Therapie des Hämorrhoidalleidens. Coloproctology. 
2013;35:281–94.

	 4.	Crea N, Pata G, Lippa M, Chiesa D, Gregorini ME, 
Gandolfi P. Hemorrhoidal laser procedure: short- and 
long-term results from a prospective study. Am J Surg. 
2014;208(1):21–5.

	 5.	Giordano P, Overton J, Madeddu F, Zaman S, 
Gravante G.  Transanal hemorrhoidal dearterializa-
tion. A systematic review. Dis Colon Rectum. 
2009;52:1665–71.

	 6.	Ho YH, Foo CL, Seow-Choen F, Goh HS. Prospective 
randomized controlled trial of a micronized flavonidic 
fraction to reduce bleeding after haemorrhoidectomy. 
Br J Surg. 1995;82(8):1034–5.

	 7.	 Jayaraman S, Colquhoun PHD, Malthaner RA. Stapled 
versus conventional surgery of hemorrhoids. Cochrane 
Database Syst Rev. 2006;(4):Art.No.: CD005393. 
doi:101002/14651858. CD005393.pub2.

	 8.	 Johanson JF. Optimal nonsurgical treatment of hem-
orrhoids: a comparative analysis of infrared, rubber 
band ligation and injection sclerotherapy. Am 
J Gastroenterol. 1992;87:1600.

	 9.	Loder PB, Kamm MA, Nicholls RJ, Phillips 
RK. Haemorrhoids: pathology, pathophysiology and 
aetiology. Br J Surg. 1994;81(7):946–54.

	10.	Müller-Lobeck H. Ambulante Hämorrhoidaltherapie. 
Chirurg. 2001;72:667–76.

	11.	Ommer A, Hinrichs J, Möllenberg H, Marla B, Walz 
MK.  Long-term results after stapled hemorrhoido-
pexy: a prospective study with a 6-year follow-up. Dis 
Colon Rectum. 2011;54(5):601–8.

	12.	Ommer A, Wenger FA, Rolfs T, Walz MK. Continence 
disorders after anal surgery – a relevant problem? Int 
J Colorectal Dis. 2008;23(11):1023–31.

	13.	Parnaud E, Guntz M, Bernard A, Chome J. Normal 
macroscopic and microscopic anatomy of the hemor-
rhoidal vascular system. Arch Fr Mal Appar Dig. 
1976;65(7):501–14.

	14.	Prophylaxis of venous thrombembolism. Version 
18.3.2009; S3-Leitlinie. AWMF Leitlinien-Register 
Nr. 003/001:50–4.

	15.	Pucher PH, Sodergren MH, Lord AC, Darzi A, Ziprin 
P. Clinical outcome following Doppler-guided haem-
orrhoidal artery ligation: a systematic review. 
Colorectal Dis. 2013;15(6):284–94.

	16.	Sakr MF.  LigaSure versus Milligan-Morgan hemor-
rhoidectomy: a prospective randomized clinical trial. 
Tech Coloproctol. 2010;14(1):13–7.

	17.	Schuurman J, Borel Rinkes I, Go P.  Hemorrhoidal 
artery ligation procedure with or without doppler 
transducer in grade II and III hemorrhoidal disease a 
blinded randomized clinical trial. Ann Surg. 
2012;255:840–5.

	18.	Stelzner F, Staubesand J, Machleidt H.  The corpus 
cavernosum recti—basis of internal hemorrhoids. 
Langenbecks Arch Klin Chir Ver Dtsch Z Chir. 
1962;299:302–12.

	19.	Thomson WH. The nature of haemorrhoids. Br J Surg. 
1975;62(7):542–52.

F. Aigner



47© Springer-Verlag Berlin Heidelberg 2017 
A. Herold et al. (eds.), Coloproctology, European Manual of Medicine, 
DOI 10.1007/978-3-662-53210-2_5

Anal Fissure

Eloy Espin

Abbreviations

BT	 Botulinum toxin
GTN	 Glyceryl trinitrate
IAS	 Internal anal sphincter
ISDN	 Isosorbide dinitrate
NO	 Nitric oxide

5.1	 �Etiology

Anal fissure is a painful tear in the posterior or 
anterior epithelial lining of the anal canal distal to 
the dentate line. It is a highly distressing and com-
mon condition that affects different age groups, 
but most commonly in young adults (20-30 y.o.).

Although there are several theories about the 
origin of anal fissure, none of them is accepted as 
the unique cause; the etiology is probably multi-
factorial. For many years it was believed that 
trauma to the epithelium of the anal canal created 
by the passage of hard stools was the main cause. 
This initial trauma would be followed by pain 
and an increase in the internal sphincter tone, 

which in turn aggravated the pain during defeca-
tion—thus a vicious cycle was created. This the-
ory, although simple and easy to understand, is 
not convincing because a history of hard stools is 
found in less than 25 % of patients with fissures; 
furthermore, almost 10 % of patients have 
diarrhea.

The two main factors associated with anal fis-
sure are an increase in the internal sphincter tone 
and a decrease in blood flow in areas of anoder-
mal epithelia. Manometric studies have demon-
strated that patients with anal fissure have an 
increased resting anal pressure and a decrease of 
spontaneous relaxation of the internal anal 
sphincter (IAS) [1]. Similarly, some reports men-
tion tissue ischemia as the initial mechanism of 
anal fissure. This theory is based on studies show-
ing an important decrease of blood flow in the 
posterior part of the anal canal seen on Doppler 
laser flowmetry [2]. This low blood flow was also 
demonstrated in the anterior midline part, but not 
in the lateral quadrants, when compared with 
controls. These two theories are actually comple-
mentary and assist in the treatment of a chronic 
anal fissure. Decreasing the tone of the IAS sig-
nificantly improves the irrigation of the ischemic 
area, causing the ulcer to heal gradually and 
symptoms to improve [3].

Recent studies also suggest a different patho-
physiology for posterior and anterior anal fis-
sures. Patients with an anterior anal fissure who 
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developed anal incontinence after sphincterot-
omy have been found to have an occult external 
anal sphincter injury and impaired external anal 
sphincter function compared with patients with 
posterior fissures [4]. These groups of patients 
are typically younger women, and their maxi-
mum squeeze pressure has been found to be sig-
nificantly lower when compared with the 
posterior fissure group. More studies are needed 
to support these findings. Furthermore, postpar-
tum fissures cause no increased anal tone and are 
probably caused by constipation and birth trauma.

Most fissures (90 %) arise in the posterior 
midline. An anal fissure occurs in the anterior 
midline in 10 % of affected men and up to 25 % of 
affected women. Accordingly, when there are 
multiple fissures or the fissure is located in the 
lateral position, other etiologies have to be inves-
tigated: anorectal trauma, Crohn’s disease, infec-
tions (e.g., tuberculosis, HIV/AIDS, herpes, 
syphilis), anal or rectal cancer, and dermatologic 
diseases (e.g., psoriasis).

5.2	 �Incidence

Although multiple publications note that anal 
fissures are common, there are not many reliable 
estimates of the frequency of anal fissures 
among the general population. An overall inci-
dence of 1.1 per 1,000 person-years has been 
recently published [5]. This incidence translates 
to an average lifetime risk of 7.8 %, which posi-
tions anal fissure as a real common health 
problem.

5.3	 �Epidemiology

Sex distribution shows almost no differences, 
although it is slightly more common in women. 
While anal fissure is a common cause of anal 
bleeding in children, the peak incidence occurs 
during adolescence and young adulthood in 
women, and during middle age among men. 
Constipation, hypothyroidism, obesity, preg-
nancy and weight loss have been associated with 
anal fissure [5].

5.4	 �Classification

An anal fissure can be classified in terms of its 
time of evolution (acute or chronic) or by the 
pathophysiologic cause (primary or secondary). 
Classification as primary or secondary is impor-
tant because treatment is different and directed 
toward its cause. Primary anal fissures are treated 
with the objectives of decreasing anal sphincter 
tone and increasing blood flow. Secondary anal 
fissures are the result of several causes, including 
malignancy (anorectal cancer, leukemia), inflam-
mation (Crohn’s disease), infections (HIV/AIDS, 
herpes, tuberculosis, syphilis), anorectal trauma, 
or dermatologic conditions (psoriasis). The spe-
cific cause of secondary anal fissure must be 
accurately treated.

The treatment of anal fissure also follows mul-
tiple stages, from dietary modifications to medi-
cal therapy to surgical procedures. Nonoperative 
therapy is the first option; surgical treatment is 
reserved for failures or complications. If an acute 
fissure does not heal and lasts more than 
6–8  weeks, it is then considered to be chronic. 
The grade of pain or bleeding does not distin-
guish between and acute or chronic fissure, but 
the duration of symptoms and clinical aspects do. 
Acute fissures are usually superficial, and the tear 
appears pink to red. Chronic fissures are deeper; 
the transverse fibers of the IAS are exposed and 
chronic granulated tissue is seen on its base. A 
sentinel pile and a hypertrophied anal papilla can 
be present (Fig. 5.1). Anal fissures are also classi-
fied as chronic if the secondary lesions mentioned 
above (e.g., deep scar, exposed internal sphincter, 
pile, and papilla) are present.

Coloproctologists will probably see more 
chronic than acute fissures because primary care 
physicians and emergency surgeons can treat and 
heal most acute anal fissures with conservative 
measures and nonsurgical interventions.

5.5	 �Diagnostics

Anal fissure is usually diagnosed through the 
history and a physical examination. Pain is the 
hallmark of anal fissure symptoms. Pain starts 
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during defecation or sometimes just after a 
bowel movement and can last from minutes to 
several hours. Patients frequently describe the 
pain as spasms or as if they were “passing glass”; 
the intensity of the pain while defecating 
enhances the fear of doing so, predisposing 
patients to constipation, harder and drier stools, 
and worse trauma. Rectal bleeding is frequent, 
minimal, bright red, and not related to the sever-
ity of the anal fissure.

Inspection with gentle traction of the but-
tocks often shows the fissure (Fig. 5.2). If a fis-
sure is diagnosed during the initial consultation, 
other maneuvers (rectal examination or endos-
copy) are not indicated in most patients at that 
time to avoid causing or increasing the existing 
pain. If a fissure is not observed, then an exami-
nation under anaesthesia should be advised to 
make the correct diagnosis and to rule out ano-
rectal sepsis. Atypical fissures (lateral, non-
healing, painless, or multiple) are more 
appropriately managed with examination under 
anaesthesia, and a biopsy and culture should be 
evaluated.

Anoscopy, endoscopy, or rectal examination, 
if indicated, should be delayed if possible until 
symptoms resolve. Anal manometry is not rec-
ommended as a routine initial exploration 
because it can cause or aggravate the pain and is 
normal or low in 19 % of evaluated men and 42 % 
of affected women.

5.6	 �Medical Treatment 

Initial treatment of anal fissure includes dietary 
modifications, local measures, and pharmacolog-
ical therapy. The first line of therapy is directed 
toward relaxing the IAS with the use of warm sitz 
baths. Also, modifying stool consistency to 
reduce trauma while passing stool can be 
achieved by increasing fluid and fiber intake both 
to avoid hard stools and to prevent diarrhea. 
Medical intervention should also be directed at 
relaxing the increased tone of the IAS and 
improving blood flow in the affected area. 
Surgery is indicated in cases of treatment failure 
or complications [6, 7]. The success of these gen-
eral measures without accompanying drug treat-
ment is 87 % in cases of acute anal fissure (but 
only 30 % in recurrences) and less than 50 % in 
cases of chronic anal fissure. The use of 
anaesthetic ointments does not improve the 
results of these conservative measures.

The main pharmacological treatments for anal 
fissure are nitric oxide (NO) donors, calcium 

Fig. 5.1  Anal fissure. Internal anal sphincter at the base 
of the fissure (Courtesy of Dr. J.V. Roig)

Fig. 5.2  Exposition of an anal fissure
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channel antagonists, and botulinum toxin (BT). 
The objectives of these measures are to reduce 
anal sphincter tone and to increase blood flow to 
the anal area.

5.6.1	 �Nitric Oxide Donors

Glyceryl trinitrate (GTN) and isosorbide dini-
trate (ISDN) are the NO donors used to treat 
anal fissure. These are administered topically 
to the anal skin with the aims of relaxing the 
IAS and increasing local blood flow. GTN has 
been applied at two different concentrations: 
0.2 % and 0.4 %. ISDN needs to be adminis-
tered five times a day to achieve the same 
amount of nitrate that GTN provides with only 
two applications a day (although in published 
studies GTN is applied at a 1 % concentration 
three times a day) [8]. This is why ISDN is not 
routinely used in practice. GTN at a concentra-
tion of 0.4 % has been marketed in Europe. The 
topical application of GTN is associated with 
transient headache in 27–50 % of patients [8]. 
These may occur during the first 2 or 3 weeks 
of treatment and last between 10 and 30 min. 
The headaches usually respond to standard 
treatment with pain killers, but 10–20 % of 
patients abandon GTN treatment because of 
the headaches [6]. The pain caused by the anal 
fissure begins to improve between the fifth and 
seventh days, but the treatment must be main-
tained for minimum of 8 weeks to increase the 
chances of a cure. A meta-analysis of 75 stud-
ies showed that GTN has a better rate of heal-
ing of anal fissure than placebo (48.6 % vs. 
37 %; P = 0.004) [8].

The figures published on recurrence are 
diverse and range between 17 % and 67 % [9–
13]. A significant proportion of patients with 
long-term recurrence can be treated again with 
topical GTN or other topical medications, and 
surgery is not always necessary. In fact, the 
number of surgeries for anal fissure has 
decreased in recent years to between 60 % and 
72 %.

Patients with a risk of hypotension and those 
taking sildenafil (Viagra) or another type of phos-

phodiesterase type 5 (tadalafil [Cialis], vardenafil 
[Levitra]) inhibitors should be treated with medi-
cations different from GTN because of such risk.

5.6.2	 �Calcium Channel Antagonists

Calcium channel antagonists such as nifedipine 
and diltiazem have been shown to relax the IAS 
and decrease resting pressure in the anal canal 
[14]. These drugs have been administered both 
orally and topically. Oral forms increase the risk 
of dizziness and episodes of significant hypoten-
sion in up to 5 % of patients and are not more 
effective than topical forms [15, 16]. Calcium 
channel antagonists are generally used as the 
first-line treatment or in patients resistant to treat-
ment with GTN.

There is no commercial preparation available 
in Europe, so calcium channel antagonists must 
be compounded (custom-made) and prescribed 
as formulations: either diltiazem 2 % or nifedip-
ine 0.2–0.5 %. Prescriptions are generally asso-
ciated with lidocaine (a local anaesthetic) to help 
with the pain caused by the anal fissure. Their 
effectiveness is difficult to assess based on the 
literature because of the small number of publi-
cations and their short follow-up, but studies 
comparing nifedipine and diltiazem with GTN 
show that calcium channel antagonists are at 
least as effective as GTN (50–65 %), with a simi-
lar incidence of recurrence and fewer adverse 
effects (flushing, headache) [18, 19]. Headache 
occur in only 0–25 % of patients, that is, half of 
the prevalence when compared with GTN (33–
50 %) [17].

A systematic review of studies comparing dil-
tiazem and GTN included 481 patients. It con-
cluded that their effectiveness and relapse rates 
are comparable, but the diltiazem group showed 
fewer adverse effects (Risk ratio (RR) = 0.48; 
95 % CI = 0.27–0.86; P < 0.01) [20].

ISDN has also been compared to surgery; in a 
large study involving 207 patients with chronic 
anal fissures, success at 6  months was 77 % 
(ISDN) and 97 % (surgery). Recurrence at 
12  months occurred in 4.8 % (ISDN) and 1 % 
(surgery). De novo fecal incontinence was diag-
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nosed in 6 patients (3 %) of those treated with 
surgery and in none of the patients treated with 
ISDN [21].

5.6.3	 �Botulinum Toxin

BT is a protein synthesized by the bacterium 
Clostridium botulinum that has neuro-paralyzing 
effects. BT treatments are used to induce muscle 
paralysis through temporal local denervation of 
the treated muscles secondary to inhibition of the 
release of acetylcholine at the neuromuscular 
junction. There are various types of BT (A, B, C, 
D, E, F, and G); type A BT is currently used in the 
treatment of anal fissure.

There are several commercial presentations of 
BT. Those used in the treatment of anal fissure are 
botulinum toxin type A (Botox; 50 or 100 IU/vial), 
incobotulinumtoxinA (Xeomin; 50 and 100  IU/
vial), and abobotulinumtoxinA (Dysport; 500 IU/
vial). When Disport is used it should be remem-
bered that dosing is on a ratio of approximately 1 
to 3, meaning that 50 IU of Botox or Xeomin have 
the same effect as 150 IU of Disport [22]. Correct 
administration of BT is followed by local muscle 
relaxation that lasts around 2 to 4 months.

BT has been injected in different ways—uni-
lateral or multilateral, at the base of the fissure or 
at one or both sides of the fissure, at the IAS, in 
the external anal sphincter, or both—and at dif-
ferent doses: from 5 to 50  IU (most commonly 
50  IU) in single or multiple applications. This 
large variation in administration makes interpret-
ing the results described so far difficult.

The first published results on the effectiveness 
of BT described a success rate over 80 % [22], 
but subsequent studies have shown that healing is 
accomplished in around 50 % of patients when 
follow-up is longer than 12 months [3, 23].

Local complications occur in less than 5 % of 
patients and include local hematoma or infection 
at the site of administration. General complica-
tions are toxin allergy or temporary incontinence 
(0–13 %), all of which are not frequent but dose 
dependent.

A meta-analysis including more than 270 
patients demonstrated the superiority of surgery 

when compared with BT (RR = 1.31; 95 % CI = 
1.50–1.57), a greater absolute benefit from sur-
gery (23 %), and a higher recurrence with the 
toxin (RR = 5.83; 95 % CI = 2.96–11.49). Surgery 
was associated with increased rates of fecal 
incontinence (RR = 0.08; 95 % CI = 0.01–0.59) 
[24]. The benefits of BT treatment are ease of 
application, even in a doctor’s office. The main 
disadvantage is the high cost.

Comparative results of BT against a combined 
treatment of GTN and BT in patients who did not 
respond to ISDN did not show the superiority of 
the combination. Although the association had a 
better cure rate after 6 weeks of treatment (66 % 
vs. 20 %), this superiority was not found at the 
8th (73 % vs. 73 %) or at the 12th week of treat-
ment (60 % vs. 66 %) [25].

NO donors have also been compared with BT 
in several studies. A recent study with a small 
number of patients compared BT (Dysport 60 IU) 
with ISDN.  Toxin cure rates were higher and 
adverse effects were fewer than those observed 
with ISDN, although recurrence rates were high 
in both groups (50 % and 28 %, respectively) 
[26]. GTN and BT have also been compared in 
several studies. A meta-analysis of these studies 
concluded that the two treatments are equally 
effective, but incontinence after treatment is more 
common in patients treated with BT.  BT is a 
more invasive treatment and also has a higher 
cost—these are reasons why many groups con-
sider BT as a second-line treatment, for use in 
cases where topical treatment has not been effec-
tive [8].

Diltiazem was compared with BT in a ran-
domized study with 143 patients. The two treat-
ments were equally effective in the treatment of 
chronic anal fissure: a healing rate of 43 % was 
found for both treatments and a significant reduc-
tion in pain occurred in 78 % (diltiazem) and 
82 % (BT) [27].

5.7	 �Surgical Treatment

Surgery is the definitive treatment of anal fissure. 
It is offered as a first treatment in patients without 
a risk of incontinence, although nowadays most 
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physicians propose it only to patients who do not 
respond to medical treatment or those who 
develop complications with medical therapy. 
Several surgical treatments have been described, 
but there is no doubt that the gold standard is still 
the lateral internal sphincterotomy, a section of 
the distal part of the internal sphincter.

5.7.1	 �Sphincterotomy

There are two different techniques described for 
a sphincterotomy: posterior and lateral, depend-
ing on the sectioned part of the internal sphincter. 
Posterior sphincterotomy, although used in the 
past, is not recommended today because it pro-
duces a keyhole deformity in the anus that is 
related to postoperative soiling. It is only per-
formed in patients with a posterior anal fissure 
associated with intersphincteric abscess.

Lateral sphincterotomy is more effective than 
medical management; a greater than 90 % chance 
of cure and the patient satisfaction rate support 
this conclusion. It can be done under local anes-
thesia and is mostly performed as a same-day 
surgical procedure.

Sphincterotomy can be performed using an 
open or a closed technique. When both tech-
niques were compared, no significative differ-
ences were found, although the open technique is 
related to superior healing rates but increased fla-
tus incontinence [6].

Lateral sphincterotomy is more easily per-
formed with the help of an anal retractor to cor-
rectly identify the intersphincteric groove. An 
incision is made at this level in the lateral quad-
rant of the anus (3 o’clock for right-handed or 9 
o’clock for left-handed surgeons). The incision 
can be either circumferential or radial; there are 
no differences among the short- and long-term 
results when both have been compared [28]. 
Dissection of the internal sphincter from the anal 
mucosa and the external sphincter is followed by 
a partial section of the internal sphincter. No dif-
ferences in healing or complications have been 
found when comparing suturing versus no sutur-
ing of the skin (Figs. 5.3, 5.4, 5.5, 5.6, and 5.7).

Fig. 5.3  Anal retractor to expose the intersphincteric 
groove

Fig. 5.4  Dissection of the internal sphincter from the 
anal mucosa
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Fig. 5.5  Dissection of the internal anal sphincter

Fig. 5.6  Section of the internal anal sphincter

Fig. 5.7  Final aspect of the wound after lateral 
sphincterotomy

With respect to the internal sphincter section, 
limiting it to less than half the length of the 
sphincter does not increase the recurrence rate 
and diminishes postoperative fecal incontinence, 
although some groups recommend a more eco-
nomical length of division at less than 25 % of its 
length, which in women corresponds to less than 
1 cm [29].

When performing a lateral sphincterotomy, a 
tear produced while dissecting the anal sphincter 
from the anal mucosa is best solved by opening 
the entire involved mucosa, as in a lay-open tech-
nique, to avoid creating a postoperative fistula.

5.7.2	 �Fissurectomy

Fissurectomy includes excision of the fibrotic edge 
of the fissure, curettage of its base, and excision of 
the sentinel pile and⁄or anal papilla, if present. 
Some groups consider it to be a more conservative 
treatment for anal fissure. It can be combined with 

5  Anal Fissure



54

the application of BT [30] in an effort to improve 
the results, which are poorer when fissurectomy is 
done alone [31]. Published healing rates when 
combined with BT are between 70 % [32] and 90 % 
[30], and de novo incontinence is usually temporal 
and minimal (occurring in <5 % of patients), or 
even absent in some other series [33].

5.7.3	 �Fissurotomy

Another novel procedure has recently been intro-
duced in the surgical armamentarium for anal fis-
sure: fissurotomy. It consists of unroofing the 
fissure, which significantly widens the distal anal 
canal, rendering internal sphincterotomy unnec-
essary [34]. Results have been promising, with 
less than a 2 % recurrence rate and no change in 
continence status. More studies and longer fol-
low-up are needed to support these findings, 
which could also be influenced by the amount of 
anal dilatation involved in the procedure.

5.7.4	 �Anal Advancement Flap (Flap 
Anoplasty)

Advancement flap procedures have been reported in 
the treatment of anal fissures. These procedures 
involve fashioning a local flap to cover the fissure 
defect. Different flaps have been reported: island 
flap [35], house flap [36], V-Y flap, and a rotational 
flap [37]. These procedures are combined with fis-
surectomy and/or BT application. They do not 
involve disruption of the IAS and are mostly per-
formed in patients with anal fissures and either a 
high risk of incontinence or low-pressure fissures to 
avoid compromising continence even more. 
Reported healing rates are between 80 % and 95 %, 
with 7 % flap disruption and a recurrence rate around 
6 %. The postoperative incontinence rate is less than 
5 % in the majority of reports [38, 39] (Fig. 5.8).

5.7.5	 �Anal Dilatation

Anal dilatation was one of the first surgical treat-
ments for anal fissures. There are several ways to 

dilate the anus: manually, with progressive dilators, 
or with pneumatic balloons. Anal dilatation is not 
recommended as an outpatient treatment, neither 
under anesthesia nor under neuromuscular blockade. 
It does not show better results than other conservative 
treatments, is difficult and uncomfortable for the 
patient, and is related to an increase in incontinence 
(15–30 %) [8]. The incontinence is caused by multi-
ple instances of (uncontrolled) damage to the IAS.

Treatment with progressive pneumatic bal-
loons seems to provide good initial results [7], but 
there is a need for more prospective studies before 
this is recommended as a standard treatment.

Fecal incontinence is without a doubt the main 
reason why pharmacological treatments have 
recently been replacing surgery as the initial 
treatment for anal fissure. Surgery has been com-
pared with GTN, BT, and nifedipine. Although 
these studies show healing rates of 60–70 % of 
patients treated with pharmacological and 
95–97 % of those treated with surgical measures, 
they conclude that drug therapy should be the 
first treatment option, especially in groups with a 
high risk for fecal incontinence (e.g., multiparity, 
previous anal surgery, radiotherapy), given the 
higher number of serious complications with sur-
gery among them [6, 40–42].

5.7.6	 �Other Innovative Treatments

Other therapies are being tested for the treat-
ment of chronic anal fissures, such as posterior 

Fig. 5.8  Final aspect of the wound after a flap anoplasty 
for anal fissure (Courtesy of Dr. E. Garcia-Granero)
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perineal support devices [43], posterior tibial 
nerve stimulation [44], and sacral nerve stimu-
lation [45]. More studies are needed to support 
the routine use, effectiveness, and cost analysis 
of these treatments in patients with anal fissure.

A basic algorithm for the treatment of anal fis-
sure is proposed here (Fig. 5.9) according to the 
published evidence.

5.8	 �Complications

Complications of medical treatment of anal fis-
sures are allergy to compounds, headache, and 
hypotension. These are usually dose dependent, 
easy to manage, and have minimal consequences 
for the patient.

The most important complication with all sur-
gical techniques is the long-term consequence of 
permanently sectioning the sphincter: fecal incon-
tinence. This condition can be temporary in up to 
30 % of operated patients and permanent in 3–13 % 

of patients [40]. Among operated patients, perma-
nent incontinence after lateral sphincterotomy can 
result in flatus incontinence (9 %), soiling/seepage 
(6 %), accidental defecation (0.91 %), inconti-
nence to liquid stool (0.67 %), and incontinence to 
solid stool (0.83 %). These percentages are affected 
by the procedure, the patient’s characteristics, and 
the surgeon’s experience. High-risk factors for 
postoperative incontinence include age [46], 
female sex (shorter anal canal) [40], vaginal deliv-
eries [47], radiotherapy, and previous anal trauma.

5.9	 �Special Considerations

5.9.1	 �Low Tone/Incontinence

Patients with anal fissure and anal hypotonicity 
or fecal incontinence should be treated conserva-
tively. If the initial treatment fails there are 
reports of treatment with an advancement flap 
[48]. This procedure does not involve excising 

Anal fissure

Conservative treatment
Sitz bath / Fiber / Analgesic

+
Medical treatment (*)

Calcium channel antagonist ointment
GTN ointment

Botulinum toxin (BT)

Not Cure Cure

High risk patientsNo high risk patients

Surgical treatment
Lateral sphincterotomy

Fissurectomy + BT
Fissurectomy + Flap

(*) In high risk patients a second line of medical treatment if first line fails can be administered

Surgical treatment
Fissurectomy + BT

Fissurectomy + Flap

Fig. 5.9  Proposed algo-
rithm for anal fissure 
treatment
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the anal sphincter and has shown excellent results 
in these kinds of patients, with more than 90 % 
cure rates and no worsening of continence.

5.9.2	 �Recurrent Anal Fissure

A recurrent anal fissure can be a complex prob-
lem. Before starting treatment again, a complete 
evaluation of the symptoms and the aspect of the 
fissure, along with the patient’s history and treat-
ment preferences, is recommended [49].

Medical treatment should again be the first 
option, and a second line of treatment can be 
offered if the first fails. If this medical treat-
ment does not cure the fissure, then surgery 
must be recommended (sphincterotomy, flap, 
fissurectomy with BT). If the patient already 
had a sphincterotomy, then a sphincter-saving 
procedure is encouraged (fissurectomy or flap).

5.9.3	 �Management of Concomitant 
Anal Lesions

Fibrous polyps and hypertrophied anal papillae 
are present in some chronic anal fissures and 
can be resected at the same time of sphincterot-
omy. However, adding a synchronous anal pro-
cedure (e.g., hemorrhoidectomy) at the time of 
sphincterotomy increases the risk of inconti-
nence [47].

5.9.4	 �Crohn’s Disease

Fissure in Crohn’s disease is a common finding, 
although most of these fissures are related to the 
inflammatory disease and not to sphincter hyper-
tonicity. Caution in treatment is mandatory. It is 
important to treat these patients accordingly, but 
it is also crucial to be as conservative as possible 
to avoid current or future complications. When 
medical treatment fails and there is no evidence 
of anorectal inflammation, a sphincterotomy has 
shown good results [50]. Multidisciplinary evalu-
ation is highly recommended.

5.9.5	 �Anal Fissure in Children

Fissure in children should be treated with sitz 
baths and soft laxatives. If the fissure does not 
heal, then medical treatment should be tried: 
GTN or a calcium channel blocker ointments or 
BT administration are effective. Lateral sphinc-
terotomy or fissurectomy are usually unnecessary 
and should be reserved only for those patients 
who do not heal with medical therapy alone.
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Anorectal Abscess and Fistula

Alexander Herold

6.1  �Introduction

An anorectal abscess is a nonphysiological cavity 
filled with pus that develops as a result of acute 
inflammation. Anal fistulas are nonphysiological 
tract-like connections from the anal canal or the 
distal rectum to the perianal skin. They originate 
in the area of the rudimentary glands at the den-
tate line in the anal canal. Ninety percent of anal 
fistulas are of cryptoglandular origin [1].

Anal abscesses and anal fistulas are different 
stages in the course of the same basic disease. In 
most cases the abscess initiates the disease and 
represents its acute form, whereas the fistula usu-
ally is the second stage and represents chronic 
inflammation.

6.2  �Etiology and Edidemiology

Anal fistula was first described in 380 B.C. by 
Hippocrates; he also mentioned a drainage seton. 
It is assumed that about 2 % of all people suffer 
from perianal abscesses or fistulas throughout the 
course of their lives. An annual incidence of 20 
per 100,000 population makes fistula in ano a 
common proctological disease in Europe; this 

corresponds to around 15,000 patients with fis-
tula per year in Germany. Although we do not 
speak of a life-threatening disease – at least in the 
case of fistulas  – it is nevertheless stressful for 
patients since the recurrence rate is between 10 % 
and 50 %. Anorectal abscesses and fistulas are 
three times more frequent among men than 
women. Abscesses occur most frequently 
between the ages of 20 and 40 years, and fistulas 
between the ages of 20 and 50. Presumably, the 
cause of an abscess is a bacterial infection, which 
subsequently occludes drainage from the crypts. 
This primary abscess often does not appear clini-
cally and can either heal spontaneously or drain 
via the crypt into the anal canal. If, however, the 
infection channels its way along preexisting 
paths intersphincterically, submucosally, subano-
dermally, transsphincterically, or even supra-
sphincterically, it may result in clinically 
impressive secondary abscesses. With a classical 
perianal abscess, spontaneous remission is not 
possible, and without treatment it can perforate 
into the rectum, into the anal canal, or to the out-
side of the body, depending on the location where 
it originates.

6.3  �Classification

Anal abscesses are classified based on their rela-
tion to the surrounding anatomic structures 
(Fig. 6.1).
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•	 Ischioanal: Abscesses located in ischioanal fat 
are bordered by the sphincter muscles medi-
ally by the levator ani in the cranial aspect, 
and by the ischial bone laterally. They can 
occur on one or both sides. Depending on the 
location, sometimes these can be differenti-
ated into superficial and deep.

•	 Intersphincteric: Acute abscesses located 
between the internal and external sphincter are 
very painful and not easy to detect. Chronic 
cavities often remain as incomplete internal fis-
tulas. Since they usually drain through the 
tracts of the infected anal glands, pus may be 
suddenly purged during examination; others 
perforate distally. Also, these abscesses can rise 
to the supralevator level and lead to supra-
sphincteric fistulas.

•	 Subanodermal/submucosal: This kind of 
abscess is located superficially between the 
sphincter and the anoderm (subanodermal) or 
rectal mucosa (submucosal). For this reason 
we distinguish between subanodermal and 
submucosal abscesses. These terms are also 
often used as synonyms.

•	 Supralevatoric: This abscess is located in 
the retroperitoneal fat outside the rectal wall 

and above the levator muscle. Another syn-
onym for abscesses of this kind is retrorec-
tal abscess. These often extend on both 
sides and are therefore called “horseshoe” 
abscesses.

Anal fistulas are classified using the same sys-
tem as abscesses: according to their anatomic 
relation to the anal sphincter (Fig. 6.2). In nearly 
all (except extrasphincteric fistulas) the origin is 
cryptoglandular and therefore the internal open-
ing lies at the dentate line.

•	 Submucosal (synonym: subanodermal): run 
under the anoderm or the rectal mucosa

•	 Intersphincteric: cross the internal sphincter 
and reach the skin, mostly near the anus

•	 Transsphincteric: cross the internal and exter-
nal sphincters, protrude from the ischioanal 
fossa, and reach the external skin, mostly a few 
centimeters from the anus. we should distin-
guish A distal (low) or proximal (high) posi-
tion should be distinguished, depending on 
their height. Some authors describe the loca-
tion of a fistula depending on the affected third 
of the anal sphincter.

Deep,
ischioanal,

Intersphincteric,

Supralevatoric,

Superficial,
ischioanal,

Submucosal,

Fig. 6.1  Abscess 
classification
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•	 Suprasphincteric: cross the internal sphincter, 
run proximally in the intersphincteric plane, 
curve around the complete external sphincter, 
and reach the skin.

•	 Extrasphincteric: originate in the distal rec-
tum, pass through the rectrorectal space and 
the pelvic floor from a proximal direction, 
protrude from the ischioanal fossa, and reach 
the skin

There is a distinction between primary and 
recurrent fistulas, and between straight and curved 
tracts. Surgeons often differentiate into simple 
and complex fistulas (e.g., a complex fistula 
occurs when more than one-third of the sphincter 
is affected). Two special forms are anorectovagi-
nal fistulas and horseshoe fistulas [2–5].

6.4  �Symptoms

In most cases patients experience intense, some-
what pulsating pain, sometimes with fever and a 
distinct sensation of being ill. Here also the 
pathology is dependent on the exact location of 
the abscess. This typical presentation is mostly 
seen with distal (perianal, low intersphincteric, 

transsphincteric) locations. If the abscess develps 
in a proximal direction (high intersphincteric, 
pelvirectal, supralevatoric), the symptoms are not 
distinct at first. Pain will decline considerably in 
the case of spontaneous perforation, but it does 
not resolve completely. Such perforation can 
occur toward the outside, into the anal canal, or 
into the rectum, depending on the initial location. 
After perforation, spontaneous drainage can 
cause persistent drainage or might heal at the der-
mal surface, which causes retention of fluids and 
thereby a recurrence of symptoms. After the 
spontaneous perforation of (or a deficient opera-
tive incision into) an abscess, an anorectal fistula 
may remain or develop. Complete healing with-
out a persisting fistula in up to 40 % of cases is 
described by some authors, but no convincing 
figures are available. Fistula healing without 
complications can only be expected when the 
abscess is opened operatively and the corre-
sponding fistula is removed completely.

Contrary to abscesses, the clinical pathology of 
perianal fistulas is characterized by chronic com-
plaints and discomfort. Secretion predominates; 
its intensity varies and is often accompanied by 
anal eczemas. If the external fistula opening will 
be epithelialized,“sham healing” sometimes 

Extrasphincteric,

Suprasphincteric,

Intersphincteric,

Low,
transphincteric,

High,
transsphincteric,

Submucosal,

Fig. 6.2  Fistula 
classification
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occurs. In this case the external opening is tempo-
rarily closed with a thin layer of epithelium, but 
the fistula itself does not heal completely. Then it 
is only a matter of time until the fistula reopens, 
with secretion occurring again. In the case of ano-
rectal fistulas, spontaneous remission rarely 
occurs; in general, healing cannot be expected. 
Recurrent and variably strong secretion is the 
expression of a chronic inflammatory infiltrate. 
Without treatment this can lead to an extension of 
the disease, with the potential to develop new 
abscesses and more fistulas. In the long run this 
leads to impairment and disorders of continence. 
In the case of immunological dysfunctions, phleg-
mons with septic and therefore life-threatening 
conditions can occur. Also, fistula carcinomas 
have been described over the course of many years 
with long-lasting diseases [6].

6.5  �Diagnostics

It is easy to diagnose an acute abscess through 
its typical history, clinical pathology, and symp-
toms and using inspection and palpation. 
Ischioanal abscesses, when located superfi-
cially, mostly show a reddish livid discoloration 
with an explicitly visible prominence. Extended 
abscesses can lead to a dislocation of the rima 
ani and occasionally show fluctuation at palpa-
tion. Initially it can be difficult to reliably 
objectify a pelvirectal or deep ischiorectal 
abscess. A bidigital rectal examination, with 
palpable swelling and pain at pressure/touch, is 
a help in such cases. Only in selected cases are 
high-tech diagnostic methods necessary (e.g., 
transanal endosonography, transcutaneous 
sonography, or pelvic floor magnetic resonance 
imaging [MRI]; Figs. 6.3 and 6.4).

Most fistulas are easy to diagnose: you see the 
external opening, you feel the internal opening, 
and you can find the tract by probing. During 
digital examination, the course of a fistula often 
can be palpated as a stringlike structure. Only 
with a complicated courses might there be diffi-
culties in diagnosing an anorectal fistula. The 
external opening of an anal fistula is usually eas-

ily perceptible, but locating the internal opening 
may be difficult sometimes. In the case of crypto-
glandular fistulas, the internal opening is gener-
ally found at the dentate line. The clinical 
experience of the therapist is crucial in the diag-
nostic investigation of anal fistulas. While dorsal 
anal fistulas take a curved course, ventral fistulas 
generally proceed straight (Goodsall’s rule). 
According to this, fistulas with an external open-
ing dorsal to a line between 3 and 9 o’clock in the 
lithotomy position (the “anal horizon”) run pre-
dominantly curved, and those with an opening 
ventral to this line are straight (there are, of 
course, exceptions to this old rule). In the case of 
restrained inflammation, the fistula’s course can 
be followed easily with a small metal probeWith 
pronounced inflammation, however, probing can 
be problematic; there might be a danger of caus-
ing a via falsa, which often leads to complicated 

Fig. 6.3  Right anterior ischioanal abscess (11 o’clock in 
the lithotomy position)

Fig. 6.4  Retrorectal, supralevatoric, horseshoe abscess
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fistulas. This ought to be considered, especially 
in the case of fistula courses with secondary 
tracts. Thus, probing should never be mandated 
and whenever possible should be done by an 
experienced physician.

The clinical examination may be performed 
under anesthesia since the probing of fistulas is 
painful and often fails. Operations are almost 
always necessary, and thus can be performed 
while the patient is still anesthetized.

As a primary instrumental examination, anal 
endosonography is simple, inexpensive, and 
immediately available. Endosonography or 
MRI should be considered but are only neces-
sary for complex or recurrent fistulas. Both of 
these largely depend on the examiner but are 
otherwise comparable; endosonography is con-
siderably cheaper and can be conducted intra-
operatively. In the case of complex fistulas that 
have larger cavities and run far away from the 
midline, MRI of the pelvic floor and the small 
pelvis might be indicated and superior to ultra-
sound (Fig.  6.5). A radiographic examination 
of fistulas (fistulography) is now obsolete 
because it just shows the fistula and does not 
sufficiently visualize its three-dimensional 
course.

6.6  �Differential Diagnosis

Differential diagnosis of a dorsal sinus pilonida-
lis in the rima ani usually is not difficult. Perianal 
acne inversa (synonym: hidradentitis suppura-
tiva) may be a problem in the differential diagno-
sis, especially with regard to the differentiation of 
perianal Crohn’s disease. The most frequent dif-
ferential diagnosis is a fistula caused by Crohn’s 
disease (this is strictly defined; it is not really a 
differential but an additional diagnosis). Perianal 
fistulas caused by tuberculosis are rare (1–3 %) in 
Europe, but in India, for example, this is the most 
common cause of fistulas.

Without any therapy, fistula in ano can lead 
to an expansion of inflammation with the 
potential to develop new abscesses and fistulas. 
This primarily results in permanent impair-
ment and disorders of anal continence. In 
the case of long-lasting chronic inflammation, 
fistular carcinomas are reported in singular 
cases; on the whole these are extremely rare.

6.7  �Abscess Treatment

Surgical interventions are the first-line treatment 
for anorectal abscesses [6–8]. An anorectal 
abscess is an emergent indication for surgery 
because of the dangers of progression into the sur-
rounding structures and –rarely – life-threatening 
systemic sepsis. Therefore, incision and adequate 
drainage should follow directly after diagnosis. 
Unsuitable measures, such as waiting until fluc-
tuation occurs, providing a therapy with any oint-
ment, or administering only antibiotics, can cause 
a delay. A supplementary therapy with antibiotics 
should be exceptional (e.g., diffuse pararectal 
extension, immunosupression, or septic systemic 
reactions). The insertion of only a draining cath-
eter is indicated in a few special cases but is insuf-
ficient even for an uncomplicated abscess.

During operations to repair anorectal abscesses, 
the surgeon should simultaneously search for the 
cause. If they find a connection to the anal canal 
or distal rectum, they should either primarily dis-
sect it or initially place a drainage seton to provide 

Fig. 6.5  Chronic fistulas on both sides in a patient with 
Crohn’s disease
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a later final therapy. Rough manipulation should 
be avoided because of the danger of a causing a 
via falsa.

•	 Perianal excision: Smaller perianal abscesses 
can often be incised and drained in the outpa-
tient department as an initial measure; how-
ever, sufficient drainage and complete 
unroofing, respectively, must be achieved; 
subsequently the wound heals with secondary 
intention (Fig. 6.6a–d).

•	 Drainage into the anal canal: An intersphinc-
tary abscess is often diagnosed too late because 
the typical redness and swelling in the perianal 
region are missed. Many times it can only be 
recognized by acute, fierce, regional pain in the 
anal canal. When in doubt, an examination 
while the patient is anesthetized and subsequent 
complete unroofing of the abscess  – in most 
cases dissecting the distal parts of the internal 
sphincter – are recommended. If the abscess is 

in the upper part of the anal canal, internal 
drainage into the anal canal is indicated. When 
an intersphincteric abscess extends toward the 
retrorectal region, the drainage must be directed 
into the distal rectum. Here a wide excision of 
the rectal wall is often inevitable. This should be 
carried out in a way that leaves no cavities with 
insufficient drainage; also, a partial dissection – 
in this case of a proximal part of the internal 
sphincter – might be necessary.

•	 Treatment of deep ischioanal or retrorectal 
abscesses (Fig. 6.1): If the abscess is large and/
or is in the deep postanal space, reaching the 
distal aspect of the levator ani or even crossing 
the pelvic floor muscles and reaching the 
supralevatoric retrorectal space, a deep and 
wide excision is necessary to achieve accept-
able drainage. Cautious dissection is manda-
tory because of blood vessels (e.g., obturatoric 
vessels) and nerves (e.g., the pudendal nerve) 
in this area. Preparation often is restricted and 

a b

c d

Fig. 6.6  (a–d) Treatment of an acute anal abscess with wide drainage
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limited because of the narrow field between 
the rectum/anal canal and the lateral ischial 
bone, especially in men. For supralevatoric 
cavities, a narrow funnel at the pelvic floor 
muscles is a problem in achieving sufficient 
drainage to the perianal outside. For selected 
cases, placing a mushroom catheter or a vac-
uum-assisted closure system might be helpful.

6.8  �Fistula Treatment

Fistula in ano is a principal indication for surgery. 
Spontaneous healing is extremely rare, and waiting 
risks an increase in inflammation, and in rare cases 
pelvic sepsis. The aim of surgery is healing of the 
fistula without disturbing continence. Operative 
measures must be based on the location and the 
course of the fistula, and therefore on its relation to 
the sphincter muscle [8]. The planning of treatment 
poses a problem: the operation should remove the 
fistula as completely as possible yet not compro-
mise continence. On the other hand, an inflamma-
tory reaction may also impair continence. Therefore 
every fistula operation requires balancing the risk 
of recurrence and continence dysfunction; how-
ever, there is no ideal method that optimally satis-
fies both requirements with regard to all fistula 
manifestations. This situation is rendered even 

more difficult by the impossibility of preopera-
tively evaluating the continence that is to be 
expected postoperatively; it cannot be measured 
and depends on many different variable factors. 
The surgeon thus has to adjust the operative tech-
nique to the particular fistula in ano. This decision 
considers as many risk factors for the development 
of postoperative incontinence as possible, for 
example, female sex, previous childbirth, traumata, 
previous fistula operations, or preexisting restraints 
on function or comorbidities. These are two almost 
contradicting demands, which is why different 
operations are applied, depending on the type of 
fistula. Here is a principle we recommend:

•	 Distal, simple fistulas should be layed open 
but as little sphincter as possible should be 
sacrificed.

•	 Proximal, complex fistulas usually are treated 
by extirpating the entire fistula and closing the 
internal opening.

But this strategy is based on the theoretical idea 
that fistulas are straightforward: they are simply 
small, narrow tubes. But in reality, in daily prac-
tice we have to realize that cannulas enlarge to cre-
ate cavities of different sizes, affecting the choice 
of treatment (Fig. 6.7). Before definitve elimina-
tion of the fistula, cavities ought to be removed.

Suprasphincteric
High
transsphincteric

Intersphincteric

Fig. 6.7  Examples of 
different fistula extensions 
with additional cavities
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6.9  �Standard Treatment

6.9.1	 �Laying Open Fistulas 
(Fistulectomy, Fistulotomy)

Subanodermal, submucosal, subcutaneous, inter-
sphincteric, and distal transsphincteric fistulas that 
comprise only a small part of the sphincter muscle 
can be split completely without affecting conti-
nence. This means that the fistula and its covering 
tissue, including the sphincter muscles, are cut 
through lengthwise to lay open the entire fistula 
(fistulotomy). With a fistulectomy, the fistular tis-
sue at the back wall (dorsal part of the fistula´s 
canal) is also completely removed. The decision of 
how much of the sphincter can be cut through is 
influenced by the following factors: patient sex, 
previous operations, patient age, location of the 
fistula, preoperative sphincter function, and addi-
tional diseases of the intestinal tract. In general, 
the lesion requires 6–12 weeks to heal, depending 
on the size of the wound. The recurrence rate is 
less than 10 %, whereas continence dysfunction 
depends on the degree of involvement of the 
sphincter. Previously up to two-thirds of the mus-
cle mass was disected and accordingly up to 50 % 
continence dysfunction was seen. Today, legal 
considerations generate a notably more reserved 
attitude toward the use of this technique.

6.9.2	 �Flap Procedures

Fistulas that run around essential parts of the 
sphincter (proximal transsphincteric, supra-
sphincteric, and extrasphincteric) can be extir-
pated and the internal opening closed using a flap 
procedure (Fig. 6.8a–d).

Technique:

•	 After total extirpation of the fistula tract, espe-
cially the cryptoglandular region, the sphinc-
ter muscle is sutured directly to close the 
internal opening. In this case no muscles are 
dissected. Sometimes sphincter defects origi-
nating from a prior inflammatory reaction 
could be reaired with this suture, too.

•	 To additionally stabilize this muscular suture, 
it is secured with a second layer of tissue, a 
U-shaped and proximally based advancement 
flap. In the majority of cases this flap consists 
of mucosa and a thin layer of internal sphinc-
ter. In other variations only mucosa or the full 
wall is used. Thus the internal fistula opening 
is closed with a double layer of sutured 
tissue.

•	 For these operations it is mandatory that local 
conditions are without inflammation – other-
wise the chances of the fistula healing are 
reduced. That is why, in the acute state of 
inflammation, one would usually primarily 
drain with a seton and then close the fistula 
during a second session several weeks later.

•	 The skin lesion is left wide open to ensure 
secretion.

With flap procedures healing rates between 50 % 
and 70 % are achieved. In up to 40 % of cases only 
minor continence disorders are reported, which 
hardly compromise quality of life (QoL) the patient.

6.10	 �Treatment Alternatives

6.10.1	 �Fistulectomy with Primary 
Sphincter Reconstruction

Fistulas are being dissected followed by immedi-
ate muscle reconstruction with increasing fre-
quency [9–12] (Fig. 6.9a–d).

Technique:

•	 Several weeks after resolving acute inflamma-
tion by placing a seton, the whole length of the 
fistula tract is dissected and the distal parts of 
the sphincter muscle are separated. All granu-
lation tissue within the tract is meticulously 
removed.

•	 The anoderm and sphincter may be mobilized 
laterally 2–3 mm.

•	 Afterward the sphincter muscle is directly 
readapted with single, full-size stitches.

•	 Finally, the anoderm is closed with single 
sutures and the para-anal incision is left open 
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for drainage. In the end the entire sphincter 
complex is anatomically restored.

Using these techniques, experiences to date 
report a healing rate of 80–95 %, but also a rate of 
muscle suture dehiscence of 5–10 %. A second 

operation resolves this muscle suture dehiscence 
in almost all cases. Apparently the healing rates 
are always somewhat higher when compared 
with other methods, and therefore this technique 
seems to have become an accepted standard, but 
further evaluation is necessary.

a b

c d

Fig. 6.8  (a–d) Flap procedure to close a transsphincteric fistula
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Fig. 6.9  (a–d) Fistulectomy with primary sphincter reconstruction (original and schematic drawing)

a

b

6.10.2	 �Fistula Plug

Originating in the USA, the anal fistula plug 
was introduced in Europe in 2006. With the 
help of a small cylinder made of pig collagen, 
the fistula canal is closed from the inside (simi-

lar to a cork closing a wine bottle). Contrary to 
other operative techniques, this is mostly done 
without extensive removal of fistula tissue, 
which makes the operation easier and results 
only in small postoperative external wounds. 
After euphoric initial successes reporting 
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healing rates of more than 85 %, more recent 
publications report healing rates between 30 % 
and 70 % [13, 14]. Two prospective random-
ized studies of transsphincteric fistulas showed 
highly significantly worse results compared to 
the flap procedure: 87 % versus 20 % healing 
[15, 16].

Another plug is available. It is made of polyg-
lycolic acid, similar to modern mesh and suture 
material, and it is fully resorbable within several 
weeks (Fig.  6.10a–e). However, studies of this 
plug are lacking, and therefore it is not possible 
to give a conclusive evaluation or treatment sug-
gestion at this point [17–20].

c

d

Fig. 6.9  (continued)
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6.10.3	 �LIFT Technique

A completely new operative technique that uses a 
new access route was recently introduced: liga-
tion of the intersphincteric fistula tract (LIFT).

Technique:

•	 With a small incision at the intersphincteric 
groove, the intersphincteric plane is exposed 
and the fistula tract is located.

•	 The tract is encircled and cut through.

•	 Finally, the tract is closed on both sides with 
direct sutures or ligated (LIFT).

Experience has shown healing rates between 
60 % and 80 %. There are no comparative stud-
ies, though, and therefore we might assume that 
there was a strong selection bias [21, 22]. 
Especially in the case of high fistulas, because 
they are often connected to larger cavities, there 
will be objections and the indication will be 
questioned.

a b

c d

e

Fig. 6.10  (a–e) BIO-a plug procedure
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6.10.4	 �Fistula Clip

A clip was recently developed for endoscopic 
use; using an endoscope it could be placed onto a 
perforation and a bleed (an “over-the-scope 
clip”). It was redesigned for use in the anal region 
as a fistula closure so that it can be placed with an 
applicator and without an endoscope. First expe-
riences are positive, although they are reported in 
only very small cohorts [23].

6.10.5	 �Fibrin Glue

For 30 years the advise to treat perianal fistulas 
with fibrin glue has been given again and again. 
Whenever a new industrial preparation is on the 
market, new studies are published. Although 
some of them report success rates up to 90 %, this 
method has not yet been established– no doubt 
because at the same time there are reports with 
healing rates under 20 % [24]. The more recent 
autologous fibrin glues (autologous fibrin tissue 
adhesives) stand out for their particularly good 
tissue adhesion when compared with other glues 
that were previously used. Still, no convincing 
data are available.

6.10.6	 �Stem Cell Injection

As in nearly all fields of medicine, studies of the 
use of autologous stem cells have been carried out 
regarding anal fistulas. Stem cells are obtained 
from fat or muscle tissue, bred in vitro, and injected 
into and/or around the fistula. This is tedious, labor-
intensive, and therefore extremely expensive. 
Healing rates have not been sufficiently evaluated.

6.11	 �Special Situations 
and Considerations

6.11.1	 �Long-Term Seton Drainage

Contrary to the above-mentioned short seton 
drainage for the treatment of acute inflammation 
of abscesses or fistulas, long-term seton drainage 

is an option for select perianal fistulas (Fig. 6.11). 
It is especially suitable when other techniques are 
declined by the patient or when previous opera-
tions render complete restoration impossible, 
which is often the case in Crohn’s fistulas. Long-
term seton drainage aims at achieving sufficient 
drainage of the complete fistula tract and cavities 
within several weeks or months. Therefore the 
fistula tracts – several, if necessary – are provided 
with nylon or silicone setons and the ends are fas-
tened by or to a loose loop. This way the fistula 
can be permanently kept open, preventing an 
accumulation of secretion. Thereby a reduction 
in symptoms can be expected, even in the case of 
previously operated fistulas, without affecting the 
sphincter organ. The aim of this therapy is a pref-
erably dry fistula tract without or with only mini-
mal symptoms. Several authors define this 
achievement as “healed” because there are no 
symptoms – but the fistula is still there! This pro-
cedure is also recommended by health care sys-
tems that cannot offer all of the previously 
mentioned extensive operations to their patients.

6.11.2	 �Vaginal Fistula

Rectovaginal and anovaginal fistulas are special 
types of anorectal fistulas and are diagnosed and 
managed according to the principles above. The 
majority originate at the dentate line, running 
proximally and encircling the complete ventral 
sphincter. Because of their high transsphincteric 

Fig. 6.11  Long-term seton in a patient with Crohnʼs 
disease
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or suprasphincteric location, flap procedures are 
necessary for most. Because in this area the sur-
rounding connective and muscular tissue of the 
septum rectovaginale is missing, success rates 
are not as good as for other anorectal fistulas.

In addition to the above techniques, other 
methods are applied in individual cases: closing 
the internal opening with sutures and additionally 
interpositioning muscles (e.g., musculus gracilis 
or musculus rectus abdominis) or fat tissue 
(bulbocavernosus-plasty).

6.11.3	 �Fistulas with Crohn’s Disease

Among Crohn’s-related anal fistulas, 75 % are, 
like other fistulas, of cryptoglandular origin and 
follow the course described above. By contrast, 
25 % do not follow the anatomic structures and 
distructively pervade the tissue. Those fistulas are 
managed according to the above-mentioned strat-
egies. Since repeat operations are necessary in 
many cases because of the high recurrence rate of 
the underlying disease, protecting the sphincter 
muscles is of particular interest. Before any fis-
tula restoration/reconstruction, the systemic 
abdominal disease must be under control and the 
local conditions must be without infection. In the 
case of complex fistulas with recurrent episodes 
of inflammation, loose long-term seton drainage 
over months or years is usually tolerated well by 
patients and avoids or at least delays the necessity 
of a temporary or permanent stoma.

The following options  – mainly no longer 
used –cannot be recommended for different rea-
sons or are graded as being obsolete:

•	 Removal of the drainage seton after regression 
of inflammation without further measures. In 
this case healing almost never occurs and an 
oligosymptomatic tract usually remains, which 
in some studies is reported as “healing.”

•	 Complete dissection of the fistula after pri-
mary insertion of a drainage seton, with the 
objective of fibrosing the fistula tract. Through 
this fibrosing, the sphincter muscle separation 
should be reduced after the second operation. 

Studies show that results after a straight tran-
section (only one operation) are the same.

•	 Applying a cutting seton that dissects the 
sphincter step by step: a seton is placed around 
the fistula and then slowly pulled tighter at 
regular intervals until the seton cuts com-
pletely throught the sphincter (Hippocrates’s 
technique). This method is tedious, painful, 
and equates to total transection. Consequently, 
severe continence problems are reported in 
over 50 % of cases.
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Perianal Skin Conditions

Brian Kirby

Numerous dermatoses can affect the perianal 
skin. It is the author’s opinion that these 
conditions are best managed by a dermatologist 
in conjunction with a colorectal surgeon/gastro-
enterologist. Pruritus is the predominant symp-
tom of perianal dermatoses and is itself a 
nonspecific symptom [1, 2]. A full dermatologi-
cal history is required, including the duration of 
symptoms, the severity of pruritus if present, the 
history of skin disease, and a history of colonic/
rectal disease. Detailed knowledge of the treat-
ment used for the condition is needed, including 
perianal hygiene habits. A complete medical and 
surgical history is required, with appropriate 
questioning about medications, foreign travel, 
and sexual history. A full skin examination is also 
necessary. This allows the detection of inflamma-
tory dermatoses that may also affect the perianal 
skin. The majority of perianal skin conditions can 
be diagnosed clinically; a skin biopsy is rarely 
helpful. Inflammatory dermatoses often require a 
clinicopathological correlation. There is an old 
adage in dermatology: if a clinician does not have 
any idea of the diagnosis, then a histopathologist 
rarely will be able to help.

7.1	 �Inflammatory Dermatoses

7.1.1	 �Perianal Dermatitis

This is the most common perianal dermatosis 
seen by dermatologists. It presents with perianal 
pruritus, which may be severe and occasionally 
painful. Sleep disturbance is common [1, 2]. 
Perianal dermatitis may be exacerbated by fecal 
leakage [1–3]. Patients may have a history of 
atopic dermatitis or contact dermatitis [4]. 
Clinical examination often reveals a diffuse ery-
thema of the perianal skin with lichenification 
and often excoriations.

Internal hemorrhoids can exacerbate peri-
anal dermatitis, but perianal pruritus has rarely 
been reported in conjunction with rectal polyps 
and carcinoma [5]. It is therefore recommended 
that all patients have a sigmoidoscopy, that 
internal hemorrhoids be appropriately treated, 
and any concurrent rectal pathology be 
reviewed.

All patients should be educated about appro-
priate hygiene. Most patients overclean the area 
with soaps, baby wipes, and/or excessive water. 
Soaps are an irritant that may exacerbate pruritus 
and inflammation. Patients with perianal derma-
titis are at high risk for contact dermatitis from 
ingredients in soap, such as fragrances [4]. Wet 
wipes often contain preservatives such as methy-
lisothiazolinone, which are potent contact sensi-
tizers [4] and should be avoided. Patients should 
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be advised to clean the area once daily with only 
water and to dab the area dry avoiding excessive 
friction.

There is no evidence that dietary measures 
improve perianal dermatitis. Although it has been 
postulated that caffeine can reduce anal tone and 
perhaps increase anal leakage [7], there is no evi-
dence that avoiding caffeine improves symptoms. 
This lack of evidence also applies to avoiding 
spicy foods, alcohol, and any other dietary 
manipulation. Given this lack of evidence, there 
seems to be little logic in recommending such 
interventions. Topical anesthetic preparations 
such as lidocaine or cinchocaine are ineffective 
for pruritus and should be avoided because there 
is a significant risk for contact sensitization [8].

There is evidence that chronic pruritus can 
result in reduced anal sphincter tone with micro-
scopic leakage of fecal material after defecation 
[3]. Feces are highly irritant to the skin and may 
exacerbate skin that is already inflamed. The use 
of a barrier cream such as zinc oxide after a bowel 
movement may prevent fecal material from irri-
tating the perianal skin. Mild-potency topical ste-
roids such as 1 % hydrocortisone ointment may 
be effective, especially when applied at night 
before sleep. One percent hydrocortisone does 
not cause skin thinning, unlike more potent topi-
cal steroids.

It is recommended that all patients undergo 
contact allergy testing or patch testing. Up to 
30 % of patients with perianal dermatitis have a 
relevant contact allergy [9]. Patients should be 
tested for several allergen series according to 
local protocols. In our centre, patients are tested 
to the British standard series, the fragrance 
series, the medicament series, the textile series, 
and their own leave-on products. The patches are 
applied on the back on Monday and read on 
Wednesday and Friday of the same week. Patch 
testing should only be done by medical and nurs-
ing staff who have appropriate training [4]. The 
most common allergens in patients with perianal 
dermatitis are fragrances, preservatives such as 
methylisothiazolinone [6], and sodium metabi-
sulfite [10], which are used in wet wipes and 
medicaments such as cinchocaine [2, 8]. Contact 
allergens may include nail varnish [11], topical 

steroids [4], and textile dyes [12]. The majority 
of patients who are investigated and treated 
according to the above protocol achieve remis-
sion of their pruritus. Patients with more refrac-
tory disease may require more potent topical 
steroids, topical tacrolimus, and/or systemic 
antipruritic therapies.

7.2	 �Perianal Psoriasis

Psoriasis often affects the perianal skin. It can 
present with pruritus, bleeding, and/or perianal 
pain from fissuring. In these cases it is usually 
present in other areas, especially flexural areas 
including the genital region [13]. This psoriasis is 
treated with mild-potency topical steroids or top-
ical tacrolimus 0.1 % ointment. Severe perianal 
psoriasis may require treatment with systemic 
antipsoriatic agents such as methotrexate, 
fumaric acid esters, or tumor necrosis factor 
(TNF)-α inhibitors [13].

7.3	 �Lichen Sclerosus

Lichen sclerosus is an immune-mediated skin 
condition that results in skin atrophy and genital 
scarring [14]. It is more common among women 
than men. It can affect the perianal skin, with 
resultant pruritus and pain, but is often asymp-
tomatic. Upon clinical examination there are 
well-demarcated white/ivory plaques. Genital 
involvement is a given when the perianal skin is 
involved. Vulval lichen sclerosus can result in 
resorption of the clitoris, fusion of the labia 
minora, and urethral strictures. Long-standing 
lichen sclerosus can result in squamous cell car-
cinoma of the vulva and (rarely) perianal squa-
mous cell carcinoma [9]. Skin histology reveals 
characteristic findings of epidermal atrophy, 
homogenization of collagen with the formation 
of a cell poor Grentz zone in the upper dermis, 
and dermal fibrosis. Lichen sclerosus is treated 
with superpotent topical steroids such as clo-
betasol propionate ointment. This is highly 
effective in managing pruritus and in improving 
the histological features of the disease [14].
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7.4	 �Hidradenitis Suppurativa

Hidradenitis suppurativa is a disease character-
ized by the development of painful nodules and 
abscesses commonly affecting the axillae, sub-
mammary area, inguinal folds, perineum, and 
perianal area [15]. It is more common among 
women than men (3:1), smokers, and obese 
patients. There seems to be a genetic component 
in some patients; mutations of gamma secretase in 
familial hidradenitis suppurativa have been 
described [16]. This disease significantly disturbs 
quality of life. Follicular occlusion seems to be 
the earliest abnormality in the pathogenesis of 
hidradenitis suppurativa, with subsequent abscess 
formation leading to sinuses and scarring. Perianal 
hidradenitis may present in isolation with recur-
rent nodules, abscesses that may develop into 
painful sinuses, fistulae, and scarring. The 
abscesses tend to be sterile. There is an associa-
tion with Crohn’s disease [15]. Skin histology 
may be of benefit in cases of diagnostic doubt.

The treatment of hidradenitis suppurativa 
involves both medical and surgical input. 
Medical treatments include the combination of 
oral clindamycin and rifampicin at a dosage of 
300 mg of each drug twice daily for 10 weeks. 
In one series, up to 80 % of patients achieved 
remission with this combination [15]. The 
main side effects of treatment are diarrhea and 
abnormal liver function test results. Oral tetra-
cycline monotherapy and penicillins such as 
flucloxacillin seem to be ineffective. Topical 
clindamycin may be effective in some patients 
with mild disease. Intralesional triamcinolone 
has been reported as effective. Oral metformin 
and dapsone are used as second-line agents 
with moderate success. Inhibition of TNF-α 
with adalimumab has been demonstrated to be 
effective with 160  mg as a loading dose and 
40 mg weekly. Over 40 % of patients achieve 
50 % improvement [17]. Infliximab has also 
been reported as an effective therapy for 
hidradenitis at a dosage of 5 mg/kg every 4 or 
8 weeks. [18].

The best long-term results have been reported 
with surgery. Incision and drainage of recurrent 
abscesses do not result in improvement, and 

almost 100 % recur [19]. Extensive excision of 
sinus tracts and fistulae offers the best hope for 
long-term remission. Excising sinus tracts with a 
Seton suture insertion delivers some success in 
patients with sinus tract disease.

The perianal skin is rarely affected in Crohn’s 
disease. It may present with perianal abscesses, 
similar to hidradenitis suppurativa. It may be 
contiguous with lower-bowel Crohn’s disease or 
associated with perineal fistulae, or be separate 
(so-called metastatic Crohn’s disease). The treat-
ment of cutaneous Crohn’s disease is difficult. 
The best results have been achieved with topical 
superpotent and/or intralesional steroids in com-
bination with TNF-α inhibition with adalim-
umab or infliximab [20]. Surgical excision is 
ineffective.

7.5	 �Infectious Processes

Pinworm infection in adults is rare and should be 
obvious to the patient. Dermatophyte infection 
affecting the perianal area alone is rare in immu-
nocompetent patients. Patients usually have con-
comitant involvement of the crural folds (tinea 
cruris) and usually the feet (tinea pedis). Skin 
scrapings and fungal culture are useful in cases of 
diagnostic doubt. Treatment with topical steroids 
can alter the morphology of perianal dermato-
phyte infection (so-called tinea incognito). 
Micropustules often form, and diagnosis may be 
difficult for a nondermatologist. Dermatophyte 
infection is treated with topical antifungals such 
as terbinafine or miconazole. Oral antifungal 
treatments are rarely necessary.

Candida infections are common on perianal 
skin but usually involve other flexural areas such 
as the inguinal folds. Candidal infection is com-
mon in patients with diabetes, obese patients, and 
the immunocompromised. This infection is 
treated with topical anticandidal agents such as 
miconazole 2 % cream. Oral anticandidal agents 
may be needed in severe cases in immunocom-
promised patients.

Bacterial infection with streptococcus group 
D is usually a disease of childhood. It presents 
with perianal cellulitis and systemic upset [21]. 
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Diagnostic is not difficult in the majority of cases, 
and the infection is treated with appropriate anti-
biotics according to local protocols.

7.6	 �Condylomata Acuminate 
(Anal Warts)

Human papillomavirus (HPV) infection has a 
predilection for skin in the genital and perianal 
areas and can cause condylomata acuminata [22]. 
Condylomata acuminata is usually a sexually 
transmitted disease that occurs especially in men 
who have sex with men (MSM), but skin-to-skin 
contact without sexual activity may also result in 
condylomata. Perianal HPV infection is common 
in smokers, the immunocompromised, patients 
with multiple sexual partners, and HIV-positive 
patients [22]. The incidence of perianal HPV 
infection is common, affecting 57 % of MSM 
who are HIV negative, and it is considerably 
higher in HIV-positive men. It is recommended 
that all patients with perianal condylomata have a 
full screen for sexually transmitted diseases [22]. 
In addition, women with perianal condylomata 
should be screened for vulval and cervical HPV 
infection. Perianal condylomata are difficult to 
treat. All treatment methods are only partially 
effective.

Topical podophyllin reduces mitotic activity 
in keratinocytes, resulting in cell death. 
Podophyllin 0.15 % is applied once daily for 3 
consecutive days and then stopped for 4  days. 
This is continued for 4  weeks. Series have 
reported the efficacy of this approach in up to 
62 % of patients. Recurrence rates are high and 
have been reported in up to 55 % of patients 
[22]. Podophyllin can cause significant skin irri-
tation, and patients need to be instructed care-
fully in its use.

Imiquimod (Aldara) is approved for the treat-
ment of genital warts and is effective for perianal 
condylomata. Imiquimod activates Toll-like 
receptors 7 and 8  in the skin. These receptors 
form part of the innate immune system. When 
activated they cause local immune upregulation, 
with increased activity of antigen-presenting 
cells and hence the activation of specific immu-

nity, with local interferon release and increased 
cytotoxic T-cell activity against virally infected 
cells. Imiquimod 5 % cream applied three times 
weekly for up to 16 weeks is effective in up to 
56 % of patients, with recurrence rates as low as 
13 % reported [22]. Imiquimod 5 % cream can 
cause marked local irritation and pain. Systemic 
side effects caused by enhanced systemic inflam-
mation are rare but have been reported. 
Cryotherapy is a cost-effective therapy for con-
dylomata. Response rates up to 81 % have been 
reported. As with other modalities, relapse rates 
up to 30 % are common [22]. Surgical excision is 
painful and requires local, regional, or even gen-
eral anesthesia. Response rates are similar to 
those for other modalities. Because HPV has a 
predilection for scarred or injured sites, surgical 
excision itself may promote HPV infection. This 
may explain relapse rates up to 50 % [22].

Vaccination against HPV offers hope that, in 
the future, HPV infection and therefore perianal 
warts and anal carcinoma will be significantly 
reduced or even eradicated. Gardasil is the first 
vaccine approved for the prevention of HPV 
infection. The majority of perianal warts are 
caused by HPV 6 and 11. Gardasil is a highly 
effective quadrivalent vaccine that protects 
against infection with HPV 6, 11, 16, and 18. In 
one study of more than 4,000 young men, 
Gardasil was effective in preventing perianal 
warts in over 90 % of cases [23]. HPV 16 and 18 
cause cervical carcinoma and most anal cancers. 
The widespread use of this vaccine among young 
men and women seems to be the best strategy to 
eradicate perianal HPV infection.

7.7	 �Anal Intraepithelial 
Carcinoma and Anal 
Carcinoma

Anal carcinoma is rare and accounts for 2 % of all 
gastrointestinal cancers, but the incidence is 
increasing. It is more common among women 
than men. There is a clear association with HPV 
infection. Anal carcinoma is common in women 
with genital HPV pathology such as cervical 
intraepithelial neoplasia, patients with HIV, 
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patients receiving chronic immunosuppression, 
smokers, and MSM.  The detailed treatment of 
anal carcinoma is reviewed in Chap. 27.

Extramammary Paget’s disease may affect the 
perianal area and present as pruritus ani [24]. 
Paget’s disease is an intraepithelial carcinoma 
that rarely becomes invasive. Paget’s disease is 
diagnosed based on skin histology, where typical 
pagetoid cells are seen. Extramammary Paget’s 
disease may be a marker of internal malignancy 
of the anal canal, colon, or prostate and even of 
breast carcinoma. The prevalence of an internal 
malignancy in extramammary Paget’s disease is 
unclear, but associated rates of up to 12 % have 
been reported [24]. Extramammary Paget’s dis-
ease is treated with excision of the affected area, 
with clear margins. Local recurrence is high. 
Mohs’ micrographic surgery has been used with 
some success. Topical photodynamic therapy has 
been reported as successful in cases where sur-
gery would result in a significant loss of function 
or unacceptable scarring [24].

7.8	 �Perianal Drug Eruptions

The perianal skin may be preferentially affected 
by drug eruptions. Systemic drug-related inter-
triginous and flexural exanthema (SDRIFE) is 
preferred to the term baboon syndrome for a con-
stellation of symptoms and signs related to cer-
tain medications. Patients are affected in the 
flexural areas, and systemic upset is common. 
The most common drugs implicated in SDRIFE 
are β-lactam antibiotics, but numerous drugs 
have been reported [25].

7.9	 �Perianal Ulceration

Perianal ulceration is rare. The causes of perianal 
ulceration include inflammatory conditions such 
as pyoderma gangrenosum [26], drug-induced 
causes such as nicorandil-induced perianal ulcer-
ation [27], factitious causes such as dermatitis 
artefacta, neoplastic causes such as squamous cell 
carcinoma, and infectious causes. The majority of 
infectious causes occur in immunocompromised 

patients and include atypical fungal and myco-
bacterial infections and cytomegalovirus [28]. 
Perianal ulceration requires specialist dermato-
logical input in conjunction with colorectal surgi-
cal expertise.

In summary, perianal skin problems are com-
mon. A logical approach to management offers 
the best possibility for treatment success. The 
long list of dermatological conditions that can 
cause pruritus ani mandates a multidisciplinary 
approach to the management of this condition.
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Pilonidal Disease

Peter Dawson

8.1	 �Introduction

In 1990 T.G. Allen Mersh wrote a seminal review 
in the British Journal of Surgery entitled 
“Pilonidal Sinus: Finding the Right Track for 
Treatment” [1]. Little has changed since that 
time, nor has knowledge significantly advanced 
in the understanding or treatment of this common 
condition, which affects 26 per 100,000 popula-
tion [2]. This chapter presents an update and sug-
gests where the future may lie in achieving a 
simple, effective strategy/algorithm for clinicians 
to follow in the treatment of this disease.

8.2	 �Etiology

The etiology of pilonidal disease (PD) (pilus = 
hair, nidus = nest) (Fig. 8.1) is unclear, although 
it is probably an acquired disease originating 
within a natal cleft follicle that becomes dis-
tended with keratin. The distended follicle 
becomes inflamed and obstructed as a result of 
edema, eventually rupturing into the subcutane-

ous fat. In addition to the midline pits, the charac-
teristics of the early stages of PD are a result of 
marked hyperkeratosis of the enlarged hair folli-
cle ostium. These features, together with mois-
ture  – especially in this area  – make the skin 
susceptible to the penetration of shed hair shafts.

Work by Karydakis [3] with 6,000 patients 
suggests that loose hairs “impale” normal tissue 
inducing, a foreign body reaction. He devised a 
pathogenic formula involving three variables, 
namely, loose hair (H), force (F), and the vulner-
ability (V) of local skin and tissues. In this model 
the primary sinuses represent hair entry sites and 
secondary sinuses represent exit points, such that 
Pilonidal disease = H × F × V2.

The most common site of occurrence is the 
sacrococcygeal region. Rarer sites include the 
interdigital cleft, the breast, and the umbilicus 
[4]. Not uncommonly (20 %), PD occurs with 
hidradenitis suppurativa (acne inversa) [5], 
sharing the same pathological process, that is, 
an occluding follicular hyperkeratosis followed 
by a dissecting cellulitis and the formation of 
draining sinuses (Fig. 8.2). In addition, friction 
between the buttocks may be responsible for 
sucking or sticking hairs into the pits. The stiff-
ness of body hair and hair scales functioning as 
microbarbs facilitate the penetration of hair 
shafts deeper into the skin. Hair acts as a potent 
foreign body, causing a prolonged inflamma-
tory reaction and the development of sinus 
tracts filled with granulated tissue and often 
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with masses of hair shafts. By this time these 
tracts are always at least partially lined by 
epithelium.

The risk factors for the development of symp-
tomatic PD are listed in Table 8.1.

8.3	 �Incidence

PD most commonly occurs in the second and 
third decades of life, and it is twice as common 
among men than women. The incidence is high-
est among Caucasians. An estimated 1.1 % of 
male students and 0.11 % of female students suf-
fer from PD [8]. PD is rare after the age of 
40  years, suggesting an association with sex 
hormones, which can affect pilosebaceous 
glands.

8.4	 �Clinical Presentation 
and Diagnosis

PD is clinically diagnosed by visible single or 
a series of midline pits in the natal cleft that 
have the microscopic appearance of enlarged 
hair openings. Often these pits are minute, 
whereas others may contain a tuft of hairs. 
The clinical picture of a developing acute 
abscess maybe inconspicuous, presenting as a 
slight bulging of the skin in the natal cleft. 
Recurrent painful indurations in this area with 
purulent secretion followed by silent periods 
are characteristic of PD.  These often settle 
down with antibiotic treatment but almost 
always recur later.

Chronic PD may reveal a lateral track in the 
upper parts of the buttocks filled with granulation 
tissue resembling pyogenic granuloma. The dif-
ferential diagnosis may include fistula in ano, 
hidradenitis, and, rarely, perforating diverticular 
disease [9].

In selected cases computed tomography or 
magnetic resonance imaging (MRI) may be indi-
cated. The latter is particularly useful to exclude 
fistula in ano or to clarify obscure presentations 
[10] (Fig. 8.3).

8.5	 �Therapy

The management of PD is variable, debateable, 
and occasionally difficult. The principles of treat-
ment are eradication of the sinus tract and com-
plete healing of the epidermis with no recurrence. 
Ideal treatment should be quick, allowing these 

Fig. 8.1  Uncomplicated pilonidal sinus disease with 
multiple midline pits

Fig. 8.2  Pilonidal sinus and hidradenitis suppurativa 
(acne inversa)

Table 8.1  Risk factors for pilonidal disease

A deep natal cleft [6]
Family history
Hirsute individuals
Young individuals
Obesity
Long-standing pressure or friction
Inadequate personal hygiene
Occupation (“Jeep disease”) [7]
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young patients to return early to normal activity 
and work, with minimal complication.

8.6	 �Nonoperative Treatment

Asymptomatic PD may be treated conserva-
tively by meticulous hair control (shaving the 
natal cleft), improved hygiene, and mechanical 
removal of shed hairs [11]. Laser removal of 
hair in the natal cleft is increasingly popular 
[12]. Evidence that conservative treatment of 
symptomatic PD is effective is limited; there-
fore the mainstay of treatment is surgical. 
Antibiotics may be indicated in purulent stages 
of PD before surgery or in rare cases of sys-
temic infection. Prophylactic use of antibiotics 
in the surgical treatment of PD remains 
unproven [13].

8.7	 �Surgical Treatment

Several techniques are described. Recurrence 
rates are variable with all procedures and may 
reach 20 % or more. Postoperative professional 
wound care and hair control are important for 
optimal wound healing and are likely to play an 
important role in avoiding complications and 
recurrences. The main therapeutic goals are set 
out in Table 8.2.

8.8	 �Pilonidal Abscess

Pilonidal abscess (which occurs in half of all 
cases of PD) should be drained or deroofed to 
provide optimal drainage. This rapidly alleviates 
symptoms and can control PD in the outpatient 
setting. General anesthesia allows curettage of 
the sinus in the same session and, together with 
removal of the pits, occasionally may heal PD, 
but recurrences often occur [1, 14].

8.9	 �Chronic Pilonidal Disease

8.9.1	 �Minimal Surgery

Brushing or phenolization of the track produces 
similar results to laying the track open [15]. While 
this technique may be useful, the lack of random-
ized studies results in weak evidence. Expert 
nursing, dressing, and careful shaving of the area 
are required and are often not freely available.

8.9.2	 �Open Surgery

Wide excision of all involved skin with shallow 
resection margins and open granulation remains a 
common surgical treatment for the majority of 
patients (Fig. 8.4). Short hospitalizations (approxi-
mately 2 days) often are unavoidable. Leaving the 
wound open results in longer healing periods and 
requires repeated visits by a community nurse 
with the associated costs of time and dressing. 
While the longer healing time is not an obstacle to 
patients’ early return to work and social activities, 
it is a great inconvenience. Some wounds may take 
up to a year to heal and yet still recur. Shorter heal-
ing times can be achieved using the lay-open tech-
nique, modified with marsupialization [16]. The 

Fig. 8.3  Magnetic resonance imaging of a pilonidal 
sinus and track (arrow) (Courtesy of Dr. D. Blunt)

Table 8.2  Therapeutic goals

Flatten the natal grove
Low rate of complications and recurrences
Minimal discomfort for the patient
Short healing and little time off work
Good cosmetic results
Suitable for a day-case operation
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use of mobile vacuum-assisted closure therapy 
may facilitate healing by secondary intention.

8.9.3	 �Wound Closure Procedures

Wound closure methods offer the potential 
advantages of shorter stays, day-case procedures, 
quicker healing, and less time off work. The dis-
advantages are a higher rate of complications and 
recurrences with inferior cosmetic results when 
wound closure is achieved using flaps [17].

The following methods of wound closure are 
most used:

•	 Simple excision of the sinus complex with pri-
mary closure in the midline. This procedure is 
frequently complicated by wound breakdown 
caused by hematoma formation.

•	 Better results are reported for oblique and 
asymmetric excisions and closure techniques 
to minimize or to avoid midline sutures. The 
latter procedures can be combined with an 
advancement flap to facilitate wound closure 
and to create a flattened anal cleft [5].

•	 The Bascom I technique conservatively 
excises midline pits with hair and debris. The 
infected epithelialized pits are removed while 
the extent of the midline wound is minimized. 
Senapati et al. [18] reviewed 200 patients with 
a 90 % success rate at 1 year.

•	 The Karyadakis technique is an advancing 
flap operation where a “semilateral” incision 
is made around the sinus down to the presacral 
fascia. The subcutaneous flap is mobilized and 
sutured to the opposite side, effectively plac-
ing the suture line away from the midline [5].

•	 A tension-free wound closure can be achieved 
by plastic flaps such as the Limberg flap (Fig. 8.5; 
also rotational, rhomboid advancement flaps and 
Z-plasty), but the goal to attenuate the natal 
groove is fulfilled only in the upper part; the 
lower part of the cleft remains deep, sometimes 
bulging under the flap, and recurrences are pos-
sible [19]. Flap techniques have a higher compli-
cation rate and the cosmetic results are often 
poor compared with the other techniques. Their 
use in female patients should be considered care-
fully. Further research is needed to compare 
flaps with off-midline repairs [20]. Therefore 
plastic flaps should be reserved for complicated 
cases, such as in the malignant transformation of 
PD or recurrent/extensive disease.

•	 Fibrin glue techniques are being increasingly 
used, although the recurrence rate remains at 
20 % [21].

8.9.4	 �Complications of Surgery

Early bridging is not an uncommon complication 
in an open wound with secondary healing and is 
a result of inadequate wound packing. Wounds 
may fail to heal for unknown reasons, even under 

Fig. 8.4  Wide local excision

Fig. 8.5  Final appearance of a rhomboid excision and 
Limberg flap procedure (Kieninger G et al.)
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optimal wound care conditions; however, many 
recurrences may be prevented by assiduous 
wound management.

�Conclusions

Primary closure techniques provide for 
quicker healing but have higher recurrence 
rates compared with laying the wound open 
[17]. There are no differences in surgical site 
infection rates between the two methods. Off-
midline closure has better healing rates com-
pared with midline closure, whereas fewer 
recurrences occur with open healing com-
pared with midline closure.

Systematic reviews of each surgical treat-
ment of PD are prone to bias because blind-
ing patients, surgeons, and assessors is not 
possible. Many minor small variations in 
technique occur, adding to the great diver-
gence of published results and in the under-
standing of the pathogenesis of PD.  In 
addition, many trials of treatment are small 
and at risk of failing to detect clinically rele-
vant differences. Standardizing each method, 
which should be done only by well-trained 
operators, will further optimize results. 
Meanwhile, the literature suggests a trend 
away from wide excision and leaving wounds 
to heal by secondary intention toward less 
invasive procedures [22].
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Fecal Incontinence

Klaus E. Matzel

9.1	 �Introduction

Fecal incontinence (FI)  – also called bowel or 
anal incontinence  – is the inability to control 
bowel movements, resulting in involuntary loss 
of solid or liquid stool. It can range from occa-
sional leakage while passing gas to complete loss 
of bowel control. It is a symptom, and its causes 
are manifold: FI can be directly related to the 
anorectal continence organ itself or can be sec-
ondary to various pathological conditions. It is 
debilitating both physically and psychosocially 
[1]. The majority of affected individuals, many of 
whom prefer the term “accidental bowel leakage” 
[2], hesitate to seek help [1, 3], and thus FI 
remains largely undiagnosed.

9.2	 �Etiology

In brief, FI is the result of the integrated function-
ing of various organs and their peripheral and 
central nerve supplies. It is maintained by coordi-
nated, synergistic, organic functioning of the res-
ervoir system of the rectum (the colon in part), 
the outlet resistance of the sphincteric complex, 
and the sensory lining of the anal canal. Their 

interaction is attained by a convergence of 
somatomotor, somatosensory, and autonomic 
innervation. A functional deficit resulting in FI 
can be caused by trauma, deficiency, or patho-
logical alterations of any of the components of 
the organ system or organic and functional fac-
tors that ensure adequate bowel control: stool 
consistency, colonic motility, rectal capacity and 
compliance, intact neural pathways, anal sphinc-
ter and pelvic floor function, and anorectal sensa-
tion. Frequently, however, a functional deficit of 
a single component of this complex system is 
compensated for by other components. Because 
FI is often caused by multiple factors, the relative 
contribution of a single morphological aspect or 
function may be impossible to ascertain. This 
adds to the complexity of management.

When FI occurs secondary to an underlying 
disease or disorder, treatment should be directed 
to the primary disease. This chapter focuses on 
incontinence owing to disorders primarily related 
to the anorectal continence organ.

9.3	 �Incidence

The true prevalence of FI is unknown. 
Approximately 2 % of the general population suf-
fers from the inability to control bowel emptying 
[4]. The problem increases with age: up to 11 % 
of men and 26 % of women report incontinence 
after age 50 [5], reaching 40 % in nursing home 
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patients, in whom urinary incontinence is 
frequently concomitant [6]. The latter patient 
population is mostly treated by conservative 
means.

With better diagnostic methods, the understand-
ing of the physiology and pathophysiology of the 
various components of the anorectal continence 
organ has recently improved. Now not only the 
sphincter complex is considered a potential cause 
of fecal incontinence; reservoir function can be 
altered by various factors such as operative inter-
vention, Crohn’s disease, ulcerative colitis, radia-
tion, irritable bowel syndrome, and internal rectal 
prolapse [7]. These can be addressed therapeuti-
cally with surgical replacement after resection or 
refixation in cases of rectal prolapse, but most sur-
gical procedures for FI aim to improve, augment, 
or substitute sphincter function. Trauma to the 
sphincter complex remains the most common 
cause of uncontrollable loss of bowel content.

9.4	 �Classification

Continence is defined as the ability to control 
bowel content, to discriminate feces from gas, 
and to empty the bowel at will. The simplest, 
most often used, rather pragmatic classification 
distinguishes three grades of FI:

•	 Incontinence 1: inability to retain gas
•	 Incontinence 2: inability to retain liquid stool
•	 Incontinence 3: inability to retain solid stool

This numeric grading system may seem to 
suggest that the severity of FI can be quantified, 
but this is not the case. Patients report FI of liquid 
stool to be more bothersome than FI of solid 
stool.

Another classification describes the clinical 
presentation of FI and distinguishes between the 
inability to actively postpone the urge to empty 
stool (urge incontinence) and the unconscious 
loss of stool (passive incontinence). Both can be 
due to various underlying pathologies such as 
urge incontinence to external anal sphincter 
weakness, proctitis, or rectal carcinoma; passive 
incontinence can be caused by internal anal 
sphincter disorders, loss of sensory function, and 

keyhole deformation after anal surgery. Overlap 
of both classifications can occur.

Because FI is usually acquired, determining 
the underlying cause is often used to classify FI 
and to decide on further diagnostic examination 
and the therapeutic pathway.

9.4.1	 �Overflow Incontinence

Fecal impaction is a major cause of overflow FI 
among the elderly frail population. Diagnosis is 
easy using digital examination. Treatment aims 
to clear the bowel and avoid recurrence.

9.4.2	 �Anal Sphincter Lesion

The most common cause of FI in women is 
obstetric trauma. After vaginal delivery, up to 
10 % of primiparous women have a clinically rec-
ognized sphincter disruption; the incidence of 
occult injuries that do not cause immediate post-
partum incontinence and are diagnosed sono-
graphically can be as high as 35 % [8]. Episiotomy 
is not consistently protective against sphincter 
injury. The incidence is higher among multipa-
rous women and after instrument-assisted deliv-
ery [9, 10]. Anorectal surgical procedures such as 
hemorrhoidectomy and fistulotomy can cause 
direct trauma to the anal sphincters. The subse-
quent FI can be due to a loss of the normal anal 
cushions, resulting in sensory impairment in the 
anal canal, or due to muscular or neural trauma. 
Risk factors for FI after fistula-in-ano surgery 
include high or complex fistulae. An rate of FI up 
to 20 % has rendered obsolete manual anal dilata-
tion for the treatment of anal fissure.

Sphincter trauma can also arise after major 
resections, such as low anterior resection with 
coloanal anastomosis. Under these circum-
stances, FI is often associated with evacuation 
disorders, fecal urgency, and pain, representing 
the so-called low anterior resection syndrome 
[11]. The reduction in reservoir capacity and the 
disruption of intramural neural pathways contrib-
ute. Function is also frequently adversely affected 
by chemotherapy or radiation. Further traumatic 
causes of FI include trauma to the perineum or 
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pelvis, such as pelvic fractures after traffic acci-
dents, impalement injuries, or sexual assault.

9.4.3	 �Neurogenic Fecal 
Incontinence

Systemic and localized neurologic dysfunction, 
as in multiple sclerosis, muscular dystrophy, and 
congenital myelomeningocele (spina bifida), can 
cause incontinence that is frequently combined 
with constipation/evacuation problems [1].

9.4.4	 �Idiopathic Fecal Incontinence

The term idiopathic incontinence is commonly 
used if the precise etiology of FI remains unclear. 
This condition often presents with signs of 
pudendal neuropathy [12], low squeeze pres-
sures, decreased anal canal sensation, and peri-
neal descent, indicating a potentially underlying 
neurogenic cause.

9.5	 �Diagnosis

The diagnosis of FI is based on a standard ano-
rectal examination (which excludes pathologic 
conditions that may result in secondary FI) and a 
focused history that includes stool frequency, 
urge symptoms, incontinence for gas, liquid 
stool, or solid stool, difficulties passing stool, 
which requires digital help, and day- and time-
dependence of symptoms. Bowel habit diaries, 
standardized questionnaires, and general and 
disease-specific quality-of-life scores help to 
document symptoms in detail and to quantify the 
extent and severity of the disorder and its impact 
on quality of life (the last of which also affects 
decision making). The same instruments are used 
to monitor the clinical efficacy of interventions.

9.5.1	 �History

Clinical assessment starts with a detailed history, 
which can be complex since the causes of FI are 
manifold. A structured approach is advisable. In 

women, an obstetric history is mandatory (includ-
ing the number of pregnancies, mode of delivery, 
type of presentation and birth weight), as is query-
ing about urinary incontinence. Hormonal status 
can also be of interest. In men, a history of anal 
surgery is particularly important: in up to 25 % iat-
rogenic sphincter injury can be the cause of FI [13].

The simple clincial distinction between urge 
and passive incontinence may be helpful to sug-
gest an underlying functional deficit and to guide 
further diagnosis. However, a simple correlation 
of either presentation with a single physiological 
function (external vs. internal sphincter weak-
ness) is an oversimplification because of the 
complex interaction of various organs and their 
functions. Indeed, symptoms may overlap. FI 
may not even be the only clinical symptom. It can 
present in combination with obstructed defeca-
tion, representing the clinical sequelae of poste-
rior compartment prolapse syndrome [7].

Standardized scoring systems are useful to 
quantify the frequency and severity of inconti-
nence episodes and can provide a semiobjective 
assessment before and during treatment. The 
Cleveland Clinic incontinence score [14] and the 
St. Marks incontinence score [15] have the broad-
est acceptance. Bristol stool charts can be helpful 
to assess stool consistency on a seven-point scale 
from hard to liquid.

The perception of FI varies enormously 
among individuals; the correlation between 
symptom severity and quality of life is not linear. 
Assessment of quality of life is therefore essen-
tial, and both disease-specific and unspecific 
(e.g., 36-item Short Form) scores are commonly 
used. The disease-specific Fecal Incontinence 
Quality of Life instrument attempts to measure 
impairment in four different domains (lifestyle, 
coping and behavior, depression, and embarrass-
ment) related to “accidental bowel leakage” [16].

9.5.2	 �Inspection and Palpation

The anal sphincter should be examined in a 
dynamic way: at rest, during voluntary contraction, 
and while pushing (Valsalva maneuver). Simple 
inspection can detect distinct alterations such as 
deformities, muscular defects, scars, and altered 
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skin appearance (skin excoriation can suggest 
long-term seepage of stool). Inspection of the pel-
vic floor during squeeze and push provides signs 
of a descending perineum, perineocele, less obvi-
ous muscle defects, and possible coexisting uro-
logical or gynecological disorders.

Digital examination of the pelvic floor and 
sphincters at rest and during active contraction 
and the Valsalva maneuver provides a first 
impression of resting and squeeze pressure, 
sphincter defects, length of the anal canal, recto-
cele, intussusception, and scarring.

The skin-prick test (touching/scratching the 
anal and perianal skin) and subsequent reflex 
contraction of the anal sphincter (anocutaneous 
reflex) can serve as a basic neurological investi-
gation to check cutaneous sensibility, motor 
function, and afferent and efferent innervation.

In some patients, history, inspection, and palpa-
tion provide sufficient diagnostic information to 
dictate therapy; for example, postpartum inconti-
nence caused by a clearly visible defect consequent 
to sphincter laceration may be treated by surgery, 
with a limited need for further diagnostics.

9.5.3	 �Proctoscopy and Rigid 
Sigmoidoscopy (Rectoscopy)

The visual evaluation of the internal aspects of 
the anal canal and the rectum by proctoscopy and 

rigid sigmoidoscopy (rectoscopy) serves to iden-
tify causes of primary incontinence and to 
exclude potential causes of secondary inconti-
nence, such as inflammatory diseases, tumors, 
intussusception, internal mucosal prolapses, and 
limited rectal extension after air inflation.

9.5.4	 �Endoanal Ultrasound/
Magnetic Resonance Imaging

Endoanal ultrasound (EAUS) is the procedure 
of choice in patients with suspected sphincter 
injury. It is relatively easy to perform and, with 
experience, approaches 100 % sensitivity and 
specificity in identifying internal and external 
sphincter defects [17]. Morphologic findings 
do not necessarily correlate with clinical pre-
sentation: in a study of 335 patients with FI, 
115 continent patients, and 18 asymptomatic 
female volunteers, sphincter defects were 
detected by EAUS in 65 %, 43 %, and 22 %, 
respectively [18].

EAUS assesses the thickness and structural 
integrity of the external and internal sphincter 
muscles (Fig.  9.1), rectal mucosa, rectal wall, 
puborectalis muscle, and adjacent anatomic 
structures such as the prostate, vagina, and blad-
der. The internal and external anal sphincters 
and puborectalis sling can be demonstrated in 
the longitudinal and horizontal planes. Also, 

a b

Fig. 9.1  Endoanal ultrasound showing intact internal and external sphincters (a) and lesions of the internal and  
external sphincters (b) (Courtesy G. Santoro; Treviso)

K.E. Matzel



91

potential causes of secondary incontinence dis-
orders (e.g., fistula tracts) and concomitant dis-
orders (e.g., small abscesses) can be detected. 
Comparative examinations have confirmed the 
excellent correlation of EAUS with intraopera-
tive findings.

The anatomy and its potential defects can also 
be explored by magnetic resonance imaging 
(MRI). Whereas EAUS is widely available, rela-
tively easy to perform, and considered an essen-
tial part of the initial diagnostic workup, MRI has 
limited availability and is considered part of an 
advanced diagnostic workup. Both imaging tech-
niques help to differentiate muscular lesions from 
other causes.

9.5.5	 �Anorectal Physiology

Anorectal physiology studies may help to better 
define the dysfunctional component of the 
continence-maintaining function. They are 
essential to provide an objective assessment of 
anal sphincter pressures, rectal sensation, recto-
anal reflexes, and rectal compliance, some of 
which may guide management [19]. However 
some of the procedures are operator-dependent, 
the findings do not consistently correlate with 
symptom severity, and their value in decision 
making is limited and increasingly debated, 
although findings may help to monitor functional 
changes.

9.5.6	 �Anorectal Manometry

Anorectal manometry can assess and quantify 
muscular function of the smooth-muscle internal 
anal sphincter (resting pressure, length of the 
pressure zone) and the striated-muscle external 
anal sphincter (squeeze pressure), perception of 
rectal filling and distension (first sensation, urge 
to pass stool, maximal tolerable volume), com-
pliance of the rectal reservoir, and the reflexive 
interaction of the rectum and anal sphincter (rec-
toanal inhibitory reflex). Even though the method 
is simple, techniques vary (water-perfused cath-
eters, solid-state catheters, stationary pull-
through, mechanical pull-through), and thus 

findings in different settings should be compared 
with caution. The normal values used by the par-
ticular lab must be considered.

9.5.7	 �Neurological Examination

Electromyographic recording of the striated mus-
cles of the external anal sphincter and the pelvic 
floor differentiates muscular from neurogenic 
deficits and estimates the extent of reinnervation 
and denervation. It is rarely used for sphincter 
mapping because EAUS offers excellent access 
and painless imaging of sphincter morphology.

Pudendal nerve terminal motor latency 
(PNTML), which measures the conductance of 
the peripheral nerves by stimulating and record-
ing evoked muscular contractions, helps to iden-
tify peripheral lesions of the pudendal nerve. 
Unilateral lesions can be distinguished from 
bilateral ones. Although normal values for con-
duction velocity are defined, their relation to 
clinical findings is weak, the technique is 
operator-dependent, and patient discomfort is 
noteworthy. Thus the role of PNTML in the 
assessment of FI remains controversial, and ques-
tions of the relevance of its findings have recently 
caused it to be used less.

9.5.8	 �Sensibility Testing

Anorectal sensitivity is often disturbed in neuro-
genic FI, and a clinical examination of the sensi-
ble anoderm with a needle and brush is part of the 
basic workup. Electrosensitivity and temperature 
sensitivity are complementary investigations of 
anal sensitivity. Rectal sensibility with balloon 
distension is part of anorectal manometry.

9.5.9	 �Defecography

The defecation process can be imaged with 
dynamic standard imaging or MRI. Although it is 
not routine, defecography can be helpful if a 
patient who presents with FI has signs of an evac-
uation disorder (e.g., intussusception, enterocele, 
rectocele).
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9.5.10	 �Continence Testing

General global continence tests are more of his-
torical interest and have been widely replaced by 
the examinations described above. However, a 
first impression of anorectal continence function 
may be obtained by the simple application of a 
suppository or – more advanced – the instillation 
of porridge or mashed potato, which the patient 
holds for 15  min while walking around before 
defecating normally.

Adding to the above, FI can also coexist with 
other pelvic floor pathologies, such as rectal 
intussusception; patients can present with vary-
ing combinations and severity of urge and pas-
sive FI or leakage after defecation. Indeed, a high 
percentage of patients with rectal intussusception 
have FI, with up to 56 % presenting with this 
symptom alone [7]. Although the exact mecha-
nism remains unclear, it is postulated that rectal 
intussusception stretches the internal anal sphinc-
ter and also triggers the rectoanal inhibitory 
reflex, leading to a temporary reversal of the 
pressure gradient in the anal canal and soiling. 
The accompanying incomplete rectal emptying 
can also contribute to leakage after defecation.

9.6	 �Treatment

Only when all potential secondary causes are 
excluded should incontinence as such be 
addressed. Therapy should be adapted to the 
patient’s individual needs and expectations. 
The following general principles should be 
observed:

•	 From conservative to invasive, surgical treat-
ment is indicated if conservative means do not 
result in adequate symptom relief [20]

•	 From less to more invasive

Conservative therapy is pragmatic, often 
based on a trial-and-error approach, and is 
adapted to the patient’s acceptance of, compli-
ance with, and ability to handle the treatment. 
Conservative modes can also be adjuvant after 
operative therapy.

9.6.1	 �Conservative Therapy

Conservative therapy is considered first-line 
treatment unless it becomes evident during diag-
nosis that the cause, extent, and severity of the 
disease render it inappropriate. Conservative 
treatment aims to affect stool consistency, colonic 
transit, bowel emptying, sphincter function and 
its perception, and rectal filling. Various treat-
ment options are available. They have evolved 
empirically, and limited data exist to prove their 
efficacy [20]. A combination has been demon-
strated to be clinically more effective than a sin-
gle treatment [21].

Local measures:
•	 Skin care (fastidious anal hygiene, skin care 

lotions or ointments, soft napkins, diapers)
•	 Anal plugs: poorly accepted in general; only 

10–20 % of patients use continence plugs reg-
ularly. They may be better tolerated in patients 
with reduced anal sensation owing to neuro-
logical impairment (spina bifida) [22]. Recent 
results of a newly designed, flexible silicone 
plug indicate better acceptance and good 
improvement of FI [23].

Regulation of bowel emptying: laxative sup-
positories or retrograde lavage. The purpose of 
retrograde irrigation is twofold: to cleanse the 
distal bowel mechanically and to improve rectal 
reservoir function by distension and improved 
perception through a defined stimulus. Thus a 
rhythm of sufficient bowel emptying and time 
intervals free of fecal loss is established.

Regulation of stool consistency: low-fiber 
diet, meals that do not cause bloating, and con-
stipating medication (e.g., psyllium, plantago 
ovata, loperamide, codeine). A paradoxical 
reaction may occur, and individual testing is 
advisable. In general, the aim should be behav-
ioral training by a regular daily routine and reg-
ular defecation.

Pelvic floor muscle exercise: indicated in 
patients with reduced voluntary sphincter func-
tion. These exercises are recommended as an 
early intervention based on their low cost, the 
absence of morbidity, and evidence (although 
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weak) suggesting efficacy. They should be taught 
under the guidance of a physiotherapist.

Biofeedback: based on the concept of oper-
ant conditioning. Visual or acoustic signals are 
used to teach the patient to be aware of and use 
specific physiologic functions and thus to 
recruit residual function. Both motor and sen-
sory function can be addressed. The therapeu-
tic effect is based on an increase in the strength 
and duration of contraction, an improvement in 
coordination and sensory perception, and the 
suppression of internal relaxation. Training 
should follow a strict protocol: after instruc-
tion the patient must train at home for some 
months. Success varies widely, and data are 
inconsistent. A recent randomized controlled 
trial failed to demonstrate the superiority of 
biofeedback over general conservative mea-
sures and good clinical management, despite a 
large body of uncontrolled studies supporting 
its efficacy. Thus the current consensus is that 
biofeedback is possibly effective but unproven 
[24]. Because it is painless and risk-free, it can 
be recommended after other behavioral and 
medical management has failed to result in 
adequate symptom relief.

Anal electrostimulation: The periodic applica-
tion of anal electrostimulation to strengthen the 
sphincter muscles passively remains controver-
sial. Few, mostly anecdotal, experiences report 
variable improvements in heterogeneous patient 
groups. Neither recent nor randomized results 
from trials are available.

9.6.2	 �Operative/Interventional 
Therapy

The choice of surgical treatment is mainly guided 
by symptom severity and etiology and the struc-
tural integrity of the sphincter muscles.

9.6.2.1	 �Anal Sphincteroplasty
Direct sphincter reconstruction aims to reestab-
lish function by closing a morphologic defect by 
coapting the dehiscent muscle. The term anal 
sphincter repair is used to describe primary 
repair of the anal sphincter immediately after 

direct trauma; anal sphincteroplasty describes a 
secondary or delayed reconstruction of the anal 
sphincter musculature when lesions were initially 
either unrecognized or functionally irrelevant, or 
when the outcome of primary repair was unsatis-
factory. Only anal sphincteroplasty is discussed 
here.

Overlapping sphincteroplasty is the standard 
of care for disruption postpartum, postopera-
tively, or after trauma. Anterior sphinctero-
plasty after obstetric injury is the most 
common.

•	 The patient is placed in either the prone jack-
knife or lithotomy position.

•	 Through a transverse incision on the 
perineum the dehiscent muscles are identi-
fied and mobilized. (Adequate mobilization 
is essential for tension-free approximation 
and adaptation.)

•	 Suturing can either be overlapping or applied 
by direct adaptation [25] (Fig. 9.2).

•	 Separate identification and repair of the inter-
nal anal sphincter is technically challenging 
and has an unproven therapeutic effect.

•	 A levatorplasty can be added, but vaginal nar-
rowing needs to be avoided beause of the risk 
of dyspareunia.

•	 A biological implant may be advantageous to 
reinforce the anal muscles [26].

Reported short- and mid-term success ranges 
from 43 to 89 %. Continence deteriorates with 
long-term follow-up [27]. Patient satisfaction 
after 5–10 years is 40–45 %.

•	 Predictors of poorer outcome are age 
≥50 years, deep wound infection, and isolated 
external anal sphincter defects.

•	 Coexisting neurogenic damage has repeatedly 
been discussed as a predictor of lower success, 
but this remains controversial and is not 
contraindicative.

•	 Preoperative manometric variables do not 
predict outcome [28].

•	 Adjuvant biofeedback therapy after surgery 
may improve quality of life and help sus-
tain symptomatic improvement over time.
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Sphincteroplasty can be repeated if initial repair 
fails. Outcomes seemed to be similar for patients 
with or without a previous sphincteroplasty, but 
recent findings raise doubts [29]. 
Resphincteroplasty should be the choice once 
other modalities have been explored [30].

9.6.2.2	 �Pelvic Floor Repair
The aim of postanal repair is to increase the length 
of the anal canal and its high-pressure zone and to 
restore the anorectal angle, thus re-creating the 
flap-valve mechanism thought to contribute to 
continence. This concept was the treatment of 
choice in the 1970s and 1980s for patients pre-
senting with incontinence owing to a generalized 
weakness of the pelvic floor and external anal 
sphincter without disruption. Initial symptomatic 
improvement did not last. Given the better surgi-
cal options available today, postanal or total pel-
vic floor repair cannot be recommended [30].

9.6.2.3	 �Sphincter Replacement/
Substitution

Autologous and heterologous sphincter replace-
ment procedures have been used in patients with 
failed sphincteroplasty, extensive soft-tissue 
damage, congenital abnormalities (such as anal 
atresia), or neurogenic damage. Nonstimulated 
muscle transpositions (such as uni- or bilateral 
gluteoplasty or graciloplasty) and stimulated 

transpositions (stimulated dynamic graciloplasty) 
have been used to create a neosphincter, or 
artificial neosphincters have been implanted. 
Only dynamic graciloplasty (DGP) and artificial 
bowel sphincters have gained broader clinical 
acceptance.

9.6.2.4	 �Dynamic Graciloplasty
In adults the simple transposition of the gracilis 
muscle around the anus failed to achieve suffi-
cient clinical effect because of fibrosis and the 
inability for proper activation and durable con-
traction. The addition [31] of continuous low-
frequency electrical stimulation of the supplying 
nerve with an implantable stimulator consisting 
of electrodes, an impulse generator, and a remote 
control device shows various results:

•	 The phenotype of the transposed muscle is 
transformed from fast-twitch, fatigable type 
II fibers to the slow-twitch, fatigue-resistant 
type I fibers, which are capable of sustained 
contraction and mimic the physiological 
characteristics of continuous anal canal 
closure.

•	 Increased anal canal closure pressure results 
from this continous contraction.

•	 The neoanal sphincter opens when the stimu-
lator is switched off – a voluntary act similar 
to voluntary bowel emptying.

Fig. 9.2  Sphincteroplasty by muscular overlap
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The longevity of an impulse-generator battery is 
limited; thus operative replacement is mandatory. 
The procedure of dynamic graciloplasty (DGP) is 
complex and associated with high morbidity, and 
the most frequent complication is infection that ulti-
mately mandates removal of the implanted foreign 
material and the need for operative reintervention 
[38]. Outcomes are best in specialized centers.

Depending on the underlying etiology, suc-
cess rates of DGP in cohort studies range from 55 
to 83 % and are best with pathophysiological 
conditions that are not associated with impaired 
sensory function. Multicentee trials have shown a 
poorer functional outcome [32].
DGP has also been used for total anorectal recon-
struction after abdominalperineal excision for 
low rectal or recurrent anal cancers. Its relevance 
is now considerably reduced.

9.6.2.5	 �Artificial Bowel Sphincter
Artificial sphincters are designed to reinforce or 
replace the anal sphincter. Three models – pros-
thetic bowel sphincter, the soft anal band system 
from the Agency for Medical Innovations, and 
the Acticon Neosphincter (American Medical 
Systems, Minnetonka, MN) – are available on the 
market. Artificial bowel sphincter (ABS) results 
have been reported only for the Acticon 
Neosphincter [33]. Its use is supported in the cur-
rent recommendations of both the National 
Institute for Health and Clinical Excellence and 
the American Society of Colon and Rectal 
Surgeons [1, 30].

•	 An ABS is a silicone device that restores anal 
canal closure by means of an inflatable cuff 
placed around the lower rectum or upper anal 
canal and connected to a pressure-regulating 
balloon implanted in the retropubic space. The 
patient controls the balloon via a pump placed 
for convenient accessibility in the labia majora 
or scrotum [34].

•	 The deflation of the cuff is limited to several 
minutes. Refilling allows a pressure gradient 
between the pressure balloon and the cuff.

Reported success rates range from 50 to 
75 %. Continence for liquid and solid stool can 
be achieved, but the complication rate is high. 
In up to 30–50 %, infection and technical fail-
ure have resulted in device removal [35]. The 
revision rate increases with the duration of fol-
low-up. The system can be reimplanted, with 
success rates comparable to those of the first 
implantation.

Despite their high complication rates, DGP 
and the ABS remain alternatives to the creation 
of a stoma in severe end-stage FI. Certain condi-
tions influence the preference of one over the 
other; for example, the success of DGP depends 
on intact innervation of the gracilis muscle. 
Trophic alterations of the perineal or perianal 
area carry an increased risk of infection if foreign 
material is implanted.

Exclusion criteria for these procedures include 
morbid obesity, insulin-dependent diabetes mel-
litus, Crohn’s disease, pelvic sepsis, radiation 
proctitis, and the practice of anoreceptive inter-
course. It is also vital that all patients be ade-
quately motivated and have sufficient manual 
dexterity to operate the devices independently.

9.6.2.6	 �Sacral Nerve Stimulation/Sacral 
Neuromodulation

Sacral nerve stimulation (SNS) aims to recruit 
residual function of the anorectal continence organ 
[36]. Prerequisites are residual sphincter function 
and an existing neuromuscular connection to the 
sphincter, which is tested by observing the volun-
tary squeeze or reflex activity after a pin prick.

The system consists of a fully implantable 
electrode placed close to a target nerve at the 
level of the sacral spinal nerves, most commonly 
S3 or S4, and connected to an impulse generator 
placed in a subcutaneous pocket (Fig. 9.3), which 
can be programmed and activated via telemetry. 
The mechanism of action is complex and multi-
factorial; the effect of SNS is not limited to the 
anorectal continence organ and the large bowel, 
affecting the somatomotor, somatosensory, and 
autonomic nervous systems; it also seems to 
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affect the central nervous system, which controls 
bowel and sphincter activity.

Patients are selected for permanent SNS with 
the help of a limited period of test stimulation 
with an external impulse generator:

•	 A 3-week screening phase of peripheral nerve 
evaluation, during which patients document 
bowel habits in standardized bowel diaries, 
permits evaluation of the clinical effect of SNS.

•	 Two techniques are available for testing: tempo-
rary electrodes to be removed after test stimula-
tion and electrodes that can remain for chronic 
stimulation if testing is successful. These quad-
ripolar, so-called tined lead electrodes are 
placed under fluoroscopic guidance. Both types 
of electrodes are connected to an external pulse 
generator for the duration of the test period.

•	 If at least 50 % improvement occurs during 
testing, it is followed by the second phase – 
permanent neurostimulator implantation. In 
approximately 25 % of patients, peripheral 
nerve evaluation fails to achieve adequate 
symptom relief.

•	 If tined leads are used for testing, only the 
implantable pulse generator (IPG) is added; it 

is usually placed in a subcutaneous pocket in 
the gluteal area. If temporary electrodes are 
used, a complete neurostimulation system  – 
an electrode and IPG – needs to be implanted 
for therapeutic stimulation.

•	 The IPG is activated and stimulation parame-
ters are set by telemetry. The chronic stimula-
tion pattern, which is set arbitarily (15  Hz, 
210 μs, a continuous or on/off cycle: 5 s/1 s, 
and voltage adapted to pthe atient’s perception 
in the anal and perineal regions), can be deac-
tivated with a small, hand-held device, the so-
called patient programmer.

SNS has been effectively applied in a wide 
spectrum of pathophysiological conditions, 
including anal sphincter disruption. Based on 
patient selection by test stimulation, a success 
rate of around 80 % for permanent SNS is 
achieved and efficacy is sustained long term; a 
median of 36 % (21–96) patients with chronic 
SNS experiences 100 % symptom improvement, 
78 % (21–96) experiencce a 50 % improvement at 
a median of 85 months [37].

Severe morbidity is low; device removal is 
unavoidable in around 3 % [38]. The overall com-
plication rate is 15 % in patients with permanent 
implants. However, the therapy requires mainte-
nence; not only does the IPG need to be exchanged 
once the battery is depleted, but a substantial pro-
portion of patients require repeated adjustment of 
the stimulation parameters.

The minimally invasive nature of SNS, its 
reversibility, and the fact that its clinical effect 
can be tested before chronic therapy have led to 
broad acceptance. Test stimulation is not indi-
cated based on a specific underlying physiologic 
condition, and thus SNS is used on a pragmatic 
trial-and-error basis. Candidates have an existing 
anal sphincter with reduced or absent voluntary 
squeeze function but existing reflex activity indi-
cating an intact nerve-muscle connection.
Contraindications to SNS include pathological 
conditions of the sacrum that prevent adequate 
electrode placement, skin disease at the area of 
implantation, severe anal sphincter damage, 
trauma sequelae with micturition disorders or 
low bladder capacity, pregnancy, risk for 
bleeding, psychological instability, low mental 

Fig. 9.3  Sacral spinal nerve stimulation
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capacity, the presence of a cardiac pacemaker or 
implantable defibrillator, and the need for MRI 
(other than a head coil).

9.6.2.7	 �Posterior Tibial Nerve 
Stimulation

Electrical tibial nerve stimulation, either percuta-
neous with needle electrodes [39] or transcutane-
ous [40] with adhesive surface electrodes, has 
been adapted from urology. The mechanism of 
action is currently unknown. Analogies with 
findings of physiological changes with SNS have 
not been explored systematically. Posterior tibial 
nerve stimulation (PTNS) has recently gained 
increasing interest as a minimally invasive outpa-
tient procedure with a relatively low cost. 
Inclusion criteria range from idiopathic FI and FI 
owing to inflammatory bowel disease or partial 
spinal injury to FI with internal or external 
sphincter lesions or a combination, some after 
obstetric trauma. PTNS has been applied for pas-
sive, urge, and mixed incontinence [41] and 
seems to be more effective in urge FI.  As yet 
there is no agreement regarding the most effec-
tive stimulation protocol and parameters.

•	 The treatment is ambulatory, with one or two 
30-min courses per week and subsequent 
declining periodicity.

•	 Adequate electrode placement is confirmed by 
inducing digital plantar flexion, and the 
ground pad is placed in the proximity.

•	 Both systems are powered by a portable pulse 
generator. The stimulation parameters are set 
arbitrarily, usually to 0.2 ms, a current below 
the threshold for motor response, and a fre-
quency of 10–20 Hz.

Experience with PTNS is growing. Positive 
outcomes reported by single-center cohort studies 
indicate a short success rate of 59–71 % [42], but 
these data have recently been challanged by a mul-
ticenter randomized controlled trial indicating that 
PTNS is not superior to sham treatment [43].

9.6.2.8	 �Injectables
The technique of injection of so-called bulking 
agents or injectables into the anal sphincter for FI 
relies on the bulking effect of the injected materi-
als with subsequent fibrosis/collagen deposition, 
but the mechanism of action remains controver-
sial; enlargement of the hemorrhoidal cushions 
and filling of sphincter gaps have been proposed. 
The route of application and the location of the 
deposits vary; depending on the substance, 
deposits are placed submucosally or intersphinc-
terically by a transanal or transsphincteric 
approach (Fig. 9.4). In silicone-based injectables, 

Fig. 9.4  Injectables
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EAUS-guided application resulted in a better 
clinical outcome than digitally guided applica-
tion for a silicone-based substance [44]. Various 
substances such as autologous fat, glutaraldehyde 
cross-linked collagen (Contigen), pyrolytic car-
bon beads (Durasphere), and silicone biomaterial 
or injectable silicone biomaterial (PTQ, 
Bioplastique) have been used, but only a few 
have gained broad acceptance.

•	 Internal anal sphincter gaps and internal 
sphincter degeneration are the most frequent 
indications.

•	 Risk is low with most substances.
•	 Application can be repeated if efficacy 

diminishes.

Reported success, limited to the short term, 
ranges between 52 and 70 % (various outcome 
measures are used). The most recently available 
injectable, dextranomer in stabilised hyaluronic 
acid (NASHA Dx, Solesta), was shown to be more 
effective than sham treatment in a double-blind, 
randomized, controlled trial, and clinical improve-
ment persisted over 3 years of follow-up [45, 46].

Injection has recently been used to deliver a 
self-expanding device of polyacrylonitrile 
(Gatekeeper), which enlarges its diameter of 

1.2 mm seven times once it comes in contact with 
human tissue. Sustained improvement in FI and 
quality-of-life scores over a mean follow-up of 
33 months has been shown [47], but this has yet 
to be confirmed by other studies.

The ease of use, especially transanal submucosal 
application, and its low risk has sparked an increas-
ing interest in injectables to treat anal sphincter 
insufficency, but there is little evidence of their 
effectiveness in passive FI.  Existing data indicate 
that the clinical effects of bulking agents seem to be 
limited and short-term; they are to be recommended 
only for selected cases of mild passive FI related to 
internal sphincter dysfunction and soiling.

9.6.2.9	 �Magnetic Sphincter
The use of a magnetic ring (FENIX) placed 
around the anal sphincter like a dynamic Thiersch 
wire aims to augment the native anal sphincter. 
To adapt to cirumferential differences, the ring 
consists of a variable number of connected mag-
netic beans (14–20) that separate with the pas-
sage of bowel content (Fig. 9.5) [48].

The advantages of this technique are its rela-
tive simplicity – it is simpler than the ABS – and 
its immediate efficacy without the need for 
further manipulation by the patient or surgeon. 
Short-term data are good and are comparable to 

Fig. 9.5  Magnetic sphincter (15 beans): standard defecography in lateral views (a) closed (b) open at straining 
(Courtesy P.A. Lehur; Nantes)
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ABS or SNS. The spectrum of indications has not 
yet been clearly defined. The risk profile and 
comorbidity are moderate, but the long-term 
complication profile needs to be identified.

9.6.2.10   �Sphincter Modulatory 
Therapy

Sphincter muscle remodeling by transanal deliv-
ery of radiofrequency energy (Secca), a mini-
mally invasive procedure, has regained interest. 
Animal research suggests an alteration in smooth 
muscle, connective tissue, and collage distribu-
tion as well as a change of interstitial cells of 
Cajal with treatment [49]. The clinical effect in 
humans is modest and experience is limited. It is 
currently not clear which patient group is the most 
suitable, whether the effect is sustained, and how 
the technique is positioned in the therapeutic 
algorithm.

9.6.2.11   �Anterograde Irrigation
Anterograde irrigation seeks to avoid FI by regu-
larly cleansing the large bowel via an artificial 
opening at the cecum, thus preventing leakage 
from a functionally impaired continence organ. 
Various procedures are currently applied:

•	 A continent stoma, an "appendicostomy" 
(Malone procedure), created by tunnelling the 
tip of the appendix into the cecum to create a 
one-way valve

•	 A transcutaneous cecal catheter, placed either 
endoscopically (CHAIT Trapdoor) or by sur-
gery, or an ileostomy

Good results can be achieved; for example, 
after 4  years’ follow-up up to 91 % of patients 
were still performing antegrade enemas with  
significant reduction in incontinence scores. 
However, wound infection and leakage from the 
mini stoma and psychological distress may be 
burdens of this treatment.

9.6.2.12   �Stoma
If other treatments have failed or are inapplicable 
or unacceptable to the patient, stoma creation 

remains an option, although it is often associated 
with psychosocial issues and stoma-related 
complications.

For FI, an end sigmoid colostomy without 
proctectomy is usually recommended. Diversion 
colitis of the Hartmann’s stump and mucous 
leakage sometimes present problems and may 
prompt secondary proctectomy. However, 
because it offers definitive avoidance of FI with a 
consequent improvement in quality of life, a high 
percentage of patients thus treated report they 
would consider this option again.

9.6.3	 �Treatment Algorithms/
Conclusion

As a general rule, conservative treatment should 
be attempted first. Surgery is only indicated if 
conservative therapy does not result in adequate 
symptom relief or is meaningless. Surgical inter-
vention should be based on the findings of clini-
cal and physiological evaluation and aimed either 
to reconstruct anatomy and thus restore function 
or to recruit residual function of the continence 
organ.

Comparison of different techniques is chal-
lenging, follow-ups are variable, and compara-
tive studies are rare. Outcome measures have 
their limitations and are heterogenous. Both 
symptom improvement and quality of life need to 
be considered.

Evidence for some aspects of assessment and 
treatment methods is still low, but guidelines and 
recommendations are increasing [19, 30, 50]. 
Decision making often relies on expert opinion 
and personal experience. It should be personal-
ized and tailored to the cause and severity of the 
FI and adapted to the needs of the individual 
patient. There is growing acceptance that in some 
patients no single treatment mode will be suffi-
cient and a combination – both conservative and 
operative  – may be necessary for an optimal 
outcome.

Surgical treatment algorithm from the 
International Consultation on Incontinence [50] 

9  Fecal Incontinence
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St. Marks incontinence score [15]

Never Rarely Sometimes Weekly Daily

Incontinence for solid 
stool

0 1 2 3 4

Incontinence for liquid 
stool

0 1 2 3 4

Incontinence for gas 0 1 2 3 4
Alteration in lifestyle 0 1 2 3 4

Yes No

Need to wear a pad or plug 0 2
Taking constipating medicines 0 2
Lack of ability to defer defecation for 15 min 0 4

Never: no episodes in the past 4 weeks
Rarely: 1 episode in the past 4 weeks
Sometimes: >1 episode in the past 4 weeks but <1 a week
Weekly: 1 or more episodes a week but <1 a day
Daily: 1 or more episodes a day

Add one score from each row:
 � Minimum score = 0 = perfect continence
 � Maximum score = 24 = totally incontinent

Surgery for FI algorithm

Review
clinical, radiological and

physiological data

Severe
spinal cord
impairment

Rectal evacuation
disorder

·  Rectocele repair
·  Ventral rectopexy

·  Sphincteroplasty
·  SNS
·  Colostomy

·  SNS
·  BI
·  Colostomy

·  SNS
·  Sphincteroplasty
·  BI
·  Colostomy

·       Magnetic anal sphincter
Novel therapies

·       Puborectal sling
·       Radiofrequency energy treatment
·       Stem cell therapy
·       Vaginal pessary - Eclipse™

·  Sphincteroplasty +/- vaginal and
     perineal reconstruction

·  SNS
·  Colostomy

·  Stimulated graciloplasty*
·  Artificial anal sphincter*

ACE: antegrade continence enema, BI: biomaterial injection,
SNS: sacral nerve stimulation; * not widely available

Follow up
yes no

Symptom
improvement

Sphincter defect > 180º or
significant perineal tissue loss

No sphincter
defect

Sphincter defect
< 120º

Sphincter defect
120º - 180º

Correction
of anatomic
abnormality

Rectal prolapse
Rectovaginal fistula
Cloacal deformity

Repeat
evaluation

ACE
Colostomy

Cleveland Clinic incontinence score [14]

Type of incontinence

Frequency

Never Rarely Sometimes Usually Always

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 alternation 0 1 2 3 4

Never: 0
Rarely: <1/month
Sometimes: <1/week, ≥1/month
Usually: <1/day, ≥1/week
Always: ≥1/day

0: Perfect
20: Complete incontinence

K.E. Matzel
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Constipation

Charles H. Knowles

10.1	 �Etiology

Constipation is not a disease but rather a symp-
tom that can result from numerous diseases. 
Constipation can thus be described as primary 
or secondary, depending on whether the etiol-
ogy of disordered bowel function is presumed to 
reside within the bowel neuromuscular appara-
tus itself (primary) or whether there is an obvi-
ous local or systemic cause (secondary). 
Secondary constipation can be further subdi-
vided on the basis of etiology (Table  10.1), 
whereas for primary constipation, the most use-
ful initial consideration is whether constipation 
is a transient short-term problem (often called 
“simple” constipation) or a chronic condition. 
The term idiopathic is often used in the context 
of primary chronic constipation on the basis that 
the current understanding of the exact disease 
pathogenesis is limited.

The various etiologies of secondary constipa-
tion are not considered further here, although 
these inform clinical history taking and investiga-
tions (see below). Simple constipation can result 
from various factors including diet, lack of exer-
cise or immobility, and poor fluid intake. There is 
no single unified etiology for chronic (idiopathic) 

constipation. Rather, clinicians are faced with 
piecing together a multitude of clinical and 
research observations based on a variety of dispa-
rate approaches. These are summarized below.

10.1.1	 �Observed Colonic 
Physiological Abnormalities

Colonic motility problems, abnormalities of 
colonic reflexes, and the lack of a normal response 
to physiological stimuli may all contribute to 
constipation and can be directly recorded using 
pancolonic manometric methods [2]. High-
amplitude propagated contractions (HAPCs) are 
responsible for luminal transit (mass movements) 
and defecation. Several studies have shown a 
reduced frequency of HAPCs in patients with 
slow-transit constipation [3]. In addition, consti-
pated patients may demonstrate a lack of spatio-
temporal regional linkage between propagated 
sequences (in health, a series of two or three 
colonic propagated sequences may be linked to 
span the length the colon) [4].

There is normally an increase in the frequency 
of HAPCs after a meal. This response is often 
absent in patients with constipation. Colonic 
motor activity normally increases upon awaken-
ing and decreases upon sleeping, with conflicting 
reports as to whether such increases are absent 
or reduced in patients with constipation [5]. 
Similarly, some studies have shown no difference 
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in the nocturnal suppression of colonic motor 
activity in constipated patients when compared 
with controls [5], whereas others have reported 
an absence of nocturnal suppression. It is sug-
gested that the lack of diurnal variation may indi-
cate a neuropathic cause of constipation. In 
healthy controls, intravenous injection of the 
cholinergic agonist edrophonium and rectal infu-
sion of chenodeoxycholic acid [6] increased the 
frequency of HAPCs; this response is absent in 
constipated patients and might signify disturbed 
cholinergic function [6].

It is known that mechanical stimulation of the 
rectum can inhibit the activity of the small intes-
tine and colon. These studies point toward the 
existence of reflex pathways [4], abnormalities of 
which may potentially lead to constipation. 
Voluntary suppression of evacuation can lead to 
prolonged total and regional intestinal transit 
time, indicating that constipation can be “learned” 
[7] and reinforcing the concept that problems of 
defecation cannot be divorced from those of the 
colon (an important point in therapy).

10.1.2	 �Observed Anorectal 
Physiological Abnormalities

Defecation is dependent not only on the delivery 
of stool of an appropriate consistency to the rec-
tum but also on the combined functions of the 
rectum and pelvic floor to permit subsequent vol-
untary evacuation. The analogy of a “tube of 
toothpaste” is useful in considering the act of def-
ecation: the tube needs to be full, and the user 
needs to know that it is full, be able to squeeze it, 
and remove the cap at the appropriate time. Such 
coordinated actions incorporate biomechanical 
properties, structural integrity, and an intact nerve 
supply to the rectum and anus [8]. Decreased rec-
tal sensation (rectal hyposensitivity) [9], reduced 
or uncoordinated rectal motor activity, and abnor-
mal biomechanical properties of the rectal wall 
(usually increased rectal compliance) have all 
been reported in patients with chronic constipa-
tion. The important contribution of dynamic 
structural abnormalities of the rectum (mainly 
rectocele and intussusception) and pelvic floor 

Table 10.1  Classification system for constipation based on etiology

Primary (idiopathic) constipation
 � Simple constipation Factors include exercise, dietary fiber intake, hydration
 � Chronic constipation Delayed colonic transit and/or pelvic floor dysfunction

Constipation predominant irritable bowel syndrome
Idiopathic megacolon or megarectum (rare)

Secondary constipation
 � Gastrointestinal causes
 �   Colorectal Malignant neoplasms, inflammatory strictures, diverticular disease

Secondary megacolon or megarectum (Hirschsprung disease and other rare 
causes)

 �   Anal Atresia or malformation (after corrective surgery)
Hereditary internal anal sphincter hypertrophy
Anal stenosis

 � Extragastrointestinal causes
 �   Metabolic and endocrine Hypothyroidism, diabetes, hypercalcemia, chronic renal failure, pregnancy
 �   Neurological Degenerative central nervous system diseases (e.g., multiple sclerosis, 

Parkinson disease)
Spinal or pelvic nerve lesions
Autonomic neuropathies

 �   Drugs Opioids, anticholinergics, antidepressants, anticonvulsants
 �   Psychological Severe endogenous depression

Eating disorders
 �   Other Scleroderma, Ehlers Danlos syndrome, Chagas disease, amyloidosis

Modified from Knowles [1]
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dysfunction (dysynergic defecation) to the etiol-
ogy of constipation are addressed in Chap. 11.

10.1.3	 �Observed Colonic Histological 
Abnormalities

The subject of gastrointestinal (GI) neuromuscu-
lar pathology is one that is, in general, fraught 
with technical and interpretative uncertainties 
[10, 11]  – and the study of colonic tissue in 
chronic constipation is no exception. The inter-
ested reader should access more detailed informa-
tion from specific reviews (see Ref. [10]). 
Accepting issues of selection bias (patients under-
going colectomy are not representative of the 
whole), technical processing (many data are based 
on outdated histologic techniques, such as silver 
staining), reporting (do subtle differences actually 
deviate from normality?), and interpretation (do 
findings have a causal relationship with the 
observed clinical phenotype?), the following 
observations of patients with chronic constipation 
(mainly based on the study of patients with slow-
transit constipation) are briefly summarized:

	1.	 Bona fide enteric neuropathy [11] is probably 
not a common finding.

	2.	 Widely reported changes in functional subsets 
of enteric neurons [12, 13] or glia may have 
biological relevance but currently have little 
diagnostic utility.

	3.	 Well-established developmental, degenera-
tive, and inflammatory myopathic phenotypes 
[11] are at best an uncommon finding.

	4.	 Quantitative reductions in the numbers of inter-
stitial cells of Cajal (pacemaker cells) are the 
most consistent finding [14], although stan-
dardized approaches are required for diagnos-
ing individual patients in clinical practice [10].

10.1.4	 �Brain-Gut Influences

The central nervous system can influence GI func-
tions by hard wiring (autonomic nervous system), 
neuroendocrine functions (hypothalamo-pituitary 
axis), and immune modulation. Depression, anxiety, 

and traumatic life events such as sexual and physi-
cal abuse are more common among women with 
severe constipation [15, 16]. While in general such 
studies have shown clearer associations with irrita-
ble bowel syndrome and dysynergic defecation, it is 
known from studies of healthy volunteers that tran-
sit can be delayed at will [7], suggesting that behav-
ioral factors may also influence colonic function. 
This may be the mechanism involved in constipa-
tion arising from toilet avoidance behavior, which is 
often seen in young children or in frequent travelers 
such as airplane crewmembers.

10.1.5	 �Other Etiologies

A plethora of studies have addressed hypotheses 
such as altered intestinal absorption, changes in 
sex hormones, altered endogenous opioid bal-
ance, autoimmune mechanisms, infective agents, 
and laxative toxicity. None provide conclusive 
evidence; however, in light of the strong female 
predominance of slow-transit constipation (see 
below), experimental evidence for downregula-
tion of smooth-muscle contractile G proteins and 
upregulation of inhibitory G proteins caused by 
the overexpression of progesterone receptors 
[17] is probably the most attractive current line of 
reasoning.

10.2	 �Incidence

Constipation is one of the most common chronic 
disorders of the digestive tract, affecting between 
2 and 35 % of the general population [18]. 
Similar prevalence rates of 0.7–29.6 % have 
been reported for constipation in the pediatric 
literature [19]. Systematic review and meta-anal-
ysis of general adult population studies, exclud-
ing convenience sampling and using a mix of 
self-reporting and specific diagnostic criteria, 
yielded a pooled prevalence of 14.0 % [20]. In 
the United States alone, constipation accounts 
for approximately 2.5 million physician visits a 
year, and tertiary care for constipation was esti-
mated to cost an average of US$2,752 per patient 
in the late 1990s. The wide range of prevalence 
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estimates for constipation is secondary to varia-
tions in populations studied, definitions used for 
constipation (see below), and methods used for 
the surveys.

It is readily evident (and fortunate) that these 
survey estimates cannot possibly represent the 
prevalence of clinically significant chronic consti-
pation – that is, one in five of the UK population 
will not be attending my clinic! A recent UK 
cohort study of 3.8 million patients in primary care 
helps provide some sense regarding this question 
[21]. In that cohort, 1.3 % per  annum consulted 
their general practitioner for constipation. This fig-
ure remained constant over a 5-year period and 
included all common causes (e.g., pregnancy and 
drug use). Approximately 40 % of patients required 
repeat prescriptions for laxatives, and 32 % were 
refractory to two or more laxatives, suggesting a 
maximum prevalence of chronic constipation of 
approximately 0.4 % (i.e., 1 in 250 adults).

10.3	 �Epidemiology

Most studies have reported a higher prevalence of 
self-reported constipation among women than 
men, with a male-to-female ratio ranging from 
1.01 to 3.77 [18, 22] and a median of 2.2 [20]. This 
ratio is much more pronounced in patients with 
chronic idiopathic constipation attending tertiary 
care [23]. There is an increased prevalence of con-
stipation among nonwhites, with white-to-non-
white ratios between 1.13 and 2.89 [18, 20, 24]. 
Some geographic variations exist, with lower 
prevalence in southeast Asia [20]. Subjects with a 
low income have a significantly higher rate of con-
stipation than subjects with a high income [20]. 
Several studies have reported an increase trend 
toward constipation with increasing age, and a 
meta-analysis confirmed this relationship [20].

10.4	 �Classification

10.4.1	 �Etiology

The classification of constipation based on etiol-
ogy has already been presented here (primary vs. 
secondary). One further method of classification 

is based on bowel diameter. While this seems 
logical, in practice (excluding acute causes such 
as mechanical obstruction and acute colonic 
pseudo-obstruction) bowel dilatation (megaco-
lon) is extremely rare, thus limiting the useful-
ness of this approach (megacolon and megarectum 
are addressed separately at the end of the chapter 
in Sect. 10.7).

10.4.2	 �Symptoms

There is no universally agreed definition of con-
stipation. It is a general term that embraces a 
range of conditions where a subject is dissatisfied 
with their ability to expel stool. Symptoms can 
include infrequent bowel movements (usually 
fewer than three movements a week), hard stools 
that are difficult to pass, a need to strain exces-
sively (or a need for manual maneuvers to pass 
stool), a sense of incomplete bowel movement, 
and excessive time spent on the toilet. Others may 
describe even more diverse symptoms such as 
general abdominal discomfort, nausea, lethargy, 
and back pain. Patients and doctors often have dif-
ferent perceptions of what constitutes “constipa-
tion.” Clinicians often use the frequency of 
defecation, stool weight, colonic transit studies, 
and other anorectal physiology investigations to 
diagnose constipation [25], whereas self-reported 
constipation is subjective and influenced by social 
customs. A traditional criterion for constipation 
(i.e., fewer than three bowel movements per 
week) was only reported by 9 % respondents with 
constipation in an epidemiological survey in the 
United States. By contrast, 38 % reported a sense 
of incomplete bowel movement, 24 % reported 
unsuccessful attempts at moving their bowels, and 
20 % reported abdominal pain, bloating, or a 
sense of outlet blockage. Bowel infrequency is 
also a less common symptom than defecatory dif-
ficulty (especially straining) in other general pop-
ulation studies [22] and in patient cohorts with 
well-defined chronic constipation [22].

Because of the variation in perceptions of 
constipation, consensus criteria have been pro-
posed by experts to aid diagnosis, evidence-
based management, and further research. One of 
the most widely used diagnostic criteria, the 
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Rome criteria, was proposed by an international 
panel of experts and is presently in its third itera-
tion (Rome III) [26]. Rome III defines functional 
constipation solely based on symptoms: the 
presence of two or more of six listed symptoms 
in at least 25 % of defecations (over the past 
3 months, with symptom onset at least 6 months 
before diagnosis and only in the absence of suf-
ficient criteria to diagnose irritable bowel syn-
drome [IBS]): hard stools, straining, sensation of 
incomplete evacuation, sensation of anorectal 
blockage, the use of manual maneuvers during 
evacuation, and infrequent bowel movements 
(<3 movements/week). The Rome III criteria 
recognize subgroups of functional constipation 
based on symptoms and physiological tests, 
which implies that the experts consider symp-
toms alone to be inadequate to identify subtypes 
of functional constipation in clinical practice. 
The other widely accepted diagnostic criterion 
was proposed by the American College of 
Gastroenterology Chronic Constipation Task 
Force. They defined constipation more simply, 
as unsatisfactory defecation characterized by 
infrequent stools, difficult stool passage, or both 
for at least the previous 3 months. Difficult stool 
passage includes straining, hard/lumpy stool, 
difficulty passing stool, incomplete evacuation, 
prolonged time on toilet, or the need for manual 
maneuvers to pass stool [27].

10.4.3	 �Measurements

Patients with chronic constipation may be 
referred for specialist investigations (see below). 
Using measures of transit and evacuation, con-
stipation can be subdivided into two main cate-
gories: slow-transit constipation and evacuatory 
disorders; a large proportion of patients has both 
findings. Another group has no obvious abnor-
mality; this is sometimes termed normal-transit 
constipation. Ragg et  al. [28] investigated 541 
patients with chronic constipation and found 
that 53 % had outlet obstruction, 5 % had iso-
lated slow-transit constipation, 29 % had coexis-
tent outlet obstruction and slow-transit 
constipation, and 12 % had normal-transit con-
stipation. In another series of >5,000 UK 

patients, these figures were similar (45 %, 10 %, 
35 %, and 10 %, respectively).

Slow-transit constipation is defined by a pro-
longed colonic transit time (in reality, most 
methods actually determine a prolonged whole-
gut transit time). As an isolated phenomenon, 
this is most commonly observed in young 
women with constipation dating from early 
childhood and is associated with infrequent 
spontaneous bowel movements (once a week or 
fewer), bloating, and abdominal discomfort or 
pain [23] (the term colonic inertia has been 
applied to this relatively rare condition in a sub-
group of patients). It is more commonly observed 
in combination with a defecation disorder, where 
the transit disturbance may be secondary to out-
let obstruction and reflex inhibition of colonic 
contractile activity (see section on observed 
colonic physiology).

Defecatory disorders (also referred to as evac-
uation disorders and outlet obstruction) are char-
acterized by difficulty evacuating stool once it 
reaches the rectum. Common causes include 
functional abnormalities of the anal sphincter or 
pelvic floor and dynamic structural abnormalities 
such as rectocele, intussusception, and excessive 
perineal descent (see Chap. 11).

Normal-transit constipation is an ill-defined 
condition in which stool passes through the intes-
tine at a normal rate, the frequency of bowel 
movements and evacuation are normal, yet 
patients perceive that they are constipated [29]. 
Patients frequently also experience abdominal 
pain and bloating, and may have psychosocial 
issues [16, 25]. This group probably has consid-
erable clinical overlap with constipation-
predominant IBS.

10.5	 �Diagnostics

10.5.1	 �Clinical History

When a patient presents with constipation, a thor-
ough history determines whether constipation 
represents a new complaint, that is, one that may 
indicate a change in bowel habits. The patient 
should be asked specifically about the frequency 
and consistency of bowel movements and the 
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progress of such changes over time (as well as 
other alarming symptoms such as rectal bleeding, 
anorexia, and weight loss). On this basis, with 
additional information regarding family history, 
previous colon cancer screening, and other GI 
investigations, an informed decision can be made 
regarding whether structural intraluminal investi-
gation of the colon is required. Other organic 
causes of constipation may be deduced by appro-
priate history-taking and biochemical investiga-
tion. With the exclusion of treatable secondary 
causes, if the history is short and multiple previ-
ous therapies have not already been tried, then the 
patient may be first considered to have “simple” 
constipation that can be managed with reassur-
ance and lifestyle advice (fiber, fluids, and exer-
cise), with or without simple laxative therapy.

In patients with chronic symptoms, after 
excluding a secondary cause, the focus should 
shift to the investigation and management of 
chronic (idiopathic) constipation. This decision 
is helped by overwhelming epidemiological evi-
dence that patients with chronic idiopathic con-
stipation are usually female (≥90 %) [23] and 
often have symptoms from early childhood or 
puberty (at least 50 %) [23] or problems that start 
after pelvic surgery (e.g., hysterectomy, child-
birth). Thus the history should ascertain the dura-
tion and mode of onset of symptoms. In relation 
to onset, it may sometimes be necessary to tact-
fully query regarding a history of physical or 
sexual abuse [15, 16]. It is helpful to systemati-
cally document the main symptoms that in the 
patient’s mind constitute a problem, since this 
has some bearing on treatment decisions and sub-
sequent monitoring of effectiveness. Several 
questions form detailed scoring systems to sys-
tematically facilitate this in a research context 
(e.g., the Cleveland Clinic Constipation [30] and 
Knowles Eccersley Scott Symptom scores); psy-
chometrically validated patient-reported outcome 
measures are also now available (e.g., the Patient 
Assessment of Constipation Symptoms and 
Patient Assessment of Constipation Quality of 
Life questionnaires) [31]. In routine practice, 
however, it is sufficient to list in the patient’s 
record the presence or absence (with some indi-
cation of degree) of each symptom. I specifically 

ask about the following, with and without laxa-
tive use (if relevant):

Frequency of spontaneous or 
assisted bowel opening

Painful defecation

Stool consistency Digitation (vaginal or 
anal)

Straining Abdominal pain

Incomplete/unsuccessful 
evacuation

Bloating

In addition, brief questioning can determine 
the coexistence of other symptoms attributable to 
pelvic floor disorders, such as stress and urge uri-
nary incontinence, vaginal bulging, or prolapse. 
The remaining history should document pre-
scribed and self-administered laxatives (and the 
therapeutic benefit of each) and also provide an 
impression of the quality of the diet with respect 
to fiber and fluid intake.

10.5.2	 �Clinical Examination

A poor nutritional status should prompt a search 
for a secondary cause, including occult carci-
noma, widespread dysmotility syndromes such 
as chronic intestinal pseudo-obstruction (see 
below), and eating disorders. An abdominal 
examination should be conducted to look for 
scars, any significant abdominal distention, ten-
derness, or masses. Bloating is a common and 
expected finding with idiopathic constipation, but 
significant distension, tenderness, or masses 
should prompt a full investigation.

All patients presenting with constipation 
should undergo a rectal examination. The 
perineum and anus should be examined for evi-
dence of fecal incontinence, which may indicate 
impaction and overflow. Fecal incontinence and 
chronic constipation coexist to some degree in 
40 % patients; marked soiling of the underwear is 
especially associated with the rare diagnosis of 
megarectum. Scarring (e.g., from episiotomy), 
sentinel pile formation secondary to underlying 
fissure, external hemorrhoids, or prolapse may 
also be present. The degree of perineal descent 
upon straining, indicative of pelvic floor weak-
ness, should also be determined visually (>3 cm 
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is usually considered abnormal, and complete 
effacement of the natal cleft or ballooning of the 
perineum indicates significant global pelvic floor 
weakness). A digital rectal examination can 
allow a diagnosis of impaction, provide a rough 
measure of anal tone at rest and upon squeezing, 
and ascertain obvious sphincter defects. Further, 
an effort should be made to look for any anterior 
defect in the rectovaginal septum leading to a rec-
tocele. Upon removing the digit from the anus, it 
is sometimes possible to appreciate the presence 
of an intra-anal intussusception/mucosal pro-
lapse, which is “dragged out” with the examining 
digit. It is questionable whether digital examina-
tion gives a reliable diagnosis of pelvic floor dys-
synergia. It is, however, usual practice to ask the 
patient to simulate defecation (push maneuvre) 
two or three times, whereupon an experienced 
examiner can gain an impression of pelvic floor 
contraction or failure to relax during straining. 
Further, significant intussusception (intrarectal or 
intra-anal) may push on the examining finger. 
Anoscopy and proctoscopy should be performed 
if there is any history of rectal bleeding and may 
indicate fissure or internal piles. A urogyneco-
logical examination is desirable in all patients 
with suspected pelvic multiorgan prolapse.

10.5.3	 �Investigations

While the findings from the history or physical 
examination may indicate a possible secondary 
cause of constipation, making further investiga-
tion mandatory, it is also typical practice in 
patients with chronic constipation to exclude cer-
tain secondary causes by investigation, even 
though the diagnostic utility of such investiga-
tions is acknowledged to be low (the most com-
mon undiagnosed systemic disease is 
hypothyroidism). Thus serum electrolyte, creati-
nine, calcium, and glucose hemoglobin concen-
trations are usually measured and thyroid 
function tests performed. The approach taken for 
a structural investigation of the colon when 
patients have no suspected intraluminal pathol-
ogy varies internationally and on the basis of 
available resources. In the United States, for 

patients older than 50 years, the baseline risk of 
colorectal cancer is sufficiently high that screen-
ing colonoscopy is recommended, even in the 
absence of alarming symptoms. These older 
patients should therefore undergo routine colo-
noscopy, and many authors recommend that 
patients younger than 50 years undergo routine 
flexible sigmoidoscopy. Routine biopsies have no 
benefit. This approach is being increasingly 
adopted in Europe. My view is that at some stage 
it is worth assessing the rectum and colon so that 
subsequent management (which may be pro-
tracted or unsuccessful) can start with baseline 
reassurance that no organic disease is present. 
Barium enema (or, as an alternative, computed 
tomography pneumocolon) can still be a useful 
investigation in this instance because it yields 
more information on colonic diameter (for rare 
cases of megacolon) and the distribution and 
severity of diverticular disease, which may coex-
ist and be responsible in part for symptomatology 
(Fig. 10.1).

In patients with chronic constipation in whom 
basic laxatives have failed, further specialist 
investigative tests may be warranted, although 
opinions differ on how rigorous such investiga-
tions should be and when in the treatment algo-
rithm they should be performed. While there is a 
general lack of evidence that targeted manage-
ment strategies are superior to empirical stepwise 
treatments in early pharmacologic and behavioral 
interventions, it is at least generally agreed that 
such tests are mandatory if surgery is considered 
[32, 33]. Finally, it should be noted that all tests 
are dependent on adequate normative data (rele-
vant for the patient’s sex and age), the expertise 
of the investigator, and correct interpretation in 
the context of the clinical information. Table 10.2 
lists standard and advanced tests. A plain abdom-
inal radiograph that can be reviewed immediately 
in the outpatient setting is particularly useful as a 
screening tool for determining whether the symp-
toms mentioned by patients actually correlate 
with evidence of fecal loading, and they may be 
shown to the patient to aid discussion.

The mainstay for the rapid evaluation of 
colonic transit is the radiopaque marker study 
[34]. Though variations in technique exist in 
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terms of the number of markers, the interval to 
radiography, and the definition of slow transit, the 
basic premise is that a number of markers (small 
pieces of plastic tubing prepackaged in gelatin 
capsules) are ingested, and an abdominal radio-
graph (which includes the pelvis) is taken at a par-
ticular interval. The patient abstains from using 
laxatives for the duration of the study. In patients 
with significant numbers of retained markers 
(based on control data), slow whole-gut transit is 
diagnosed (Fig.  10.2a). Alternatively, regional 
transit can be measured by radioscintigraphy [35] 
(Fig. 10.2b) or using a wireless motility capsule 
[36]. These techniques are valid but not widely 
available. On the basis of radio-opaque marker 
studies, approximately 40 % of patients with 
chronic constipation have delayed transit [32]. 
Abnormal transit may be demonstrated either 

throughout the colon or within a limited portion 
thereof (most commonly the sigmoid colon and 
the rectum). With regard to the latter, it is unre-
solved whether such markers represent a primary 
disturbance of rectosigmoid motility or are 
retained secondary to a primary problem of evac-
uation, which is also present in more than half of 
patients with slow-transit constipation.

The simplest direct test of evacuation is the 
fixed-volume (50 mL) water-filled rectal balloon 
expulsion test [37, 38], which is performed in a 
seated position on a commode. Expulsion is 
defined as abnormal if there is a failure to expel 
with 1  min of effort for men and 1.5  min for 
women. It should be kept in mind, however, that as 
many as 12 % of patients with normal pelvic floor 
function have difficulty with balloon expulsion in 
this setting, and that balloon expulsion can only 

24 hrs 48 hrs 72 hrs 96 hrs
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Fig. 10.1  (a) Slow colonic transit: radio-opaque marker 
study. All markers remain in the proximal colon at 100 h. 
(b) In111 Isotope scintigraphy showing normal progression 

of an isotope in a healthy control, generalized slow transit, 
and distal delay (Courtesy of Dr. Mark Scott, Barts Health 
NHS Trust)

Table 10.2  Specialist investigations for chronic constipation

Measure Standard Advanced

Colonic transit Radio-opaque marker study Colonic isotope scintigraphy
Colonic contractile activity – Colonic manometry
Rectal evacuation Balloon expulsion test Magnetic resonance proctography

Fluoroscopic evacuation 
proctography

Isotope scintigraphic proctography

Anal sphincter contraction Anal manometry High-resolution anorectal manometry
Rectal sensory testing Simple balloon distension Rectal barostat distension
Rectoanal inhibitory reflex Balloon and anal manometry Integrated barostat-manometry
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Fig. 10.2  (a) Fluoroscopic evacuation proctograms with 
common abnormalities highlighted. (b) High-resolution 
anorectal manometry traces from patients with chronic 
constipation, showing normal relaxation of the anal 
sphincter in response to the push maneuver, and a patient 

with dyssynergic defecation in whom there is an increase 
in rectal pressure but a concomitant strong paradoxical 
contraction of the anal sphincter (Courtesy of Dr. Mark 
Scott, Barts Health NHS Trust)

aa

determine the ability to expel the balloon, not the 
underlying mechanism leading to failed expulsion. 
Thus, in patients who remain refractory to therapy 
(see below), more advanced tests of evacuation 
may be indicated. Many specialist centers use flu-
oroscopic evacuation proctography with installa-
tion of barium porridge into the rectum and 
evacuation on a radiolucent commode [39, 40]. 

The proportion of contrast evacuated and the time 
taken to evacuate are recorded, as are “functional” 
(i.e., pelvic floor dyssynergia) and “structural” 
features deemed obstructive to defecation (e.g., 
rectocele, enterocele and intussusception) [38, 40, 
41] (Fig.  10.2a). Magnetic resonance proctogra-
phy is gaining in popularity. It has the advantages 
of avoiding ionizing radiation and global apprecia-
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tion of pelvic floor structures in all compartments; 
it is, however, technically challenging in the sitting 
position and may underdetect abnormalities in the 
supine position.

In addition to the balloon expulsion test, pelvic 
floor evaluation generally involves manometry. 
Using standard (usually water-perfused) manom-
etry, anal canal pressures are recorded at 1-cm 
intervals throughout the anal canal during rest and 
squeeze. A balloon is then rapidly expanded within 

the distal rectum and used to assess the rectoanal 
inhibitory reflex (relaxation of the internal sphinc-
ter to rectal distention). The presence of this reflex 
rules out adult Hirschsprung disease (HSCR; a 
rare cause of constipation in adults; see below). In 
many centers the ability of a patient to sense rectal 
progressive volumetric balloon distension [42] is 
also determined, since the loss of the urge to 
defecate may be caused by blunted rectal sensa-
tion (rectal hyposensation) [9]. In patients with a 

b

Fig. 10.2  (continued)
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suspected defecatory disorder, manometry can be 
used during a push maneuver to demonstrate either 
paradoxical contraction or inadequate relaxation 
of the pelvic floor muscles (dyssynergic defeca-
tion) or inadequate propulsive forces (or a combi-
nation of both) [43]. The utility of manometry in 
the diagnosis of dyssynergia [38] is contentious, 
however, and has been further questioned by 
recent studies using high-resolution manometry 
[44] (Fig. 10.2b). Finally, urodynamic testing may 
be indicated if combined surgery on multiple pel-
vic compartments is considered.

10.6	 �Treatment

10.6.1	 �Medical (Nonsurgical) 
Therapy

The following information is relevant to all patients 
with chronic constipation, although the use of oral 
drugs probably has the most relevance for transit 
disorders, whereas rectal laxatives, behavioral ther-
apy, and anal irrigation are most relevant for defe-
cation disorders (Chap. 11) (Fig. 10.3).

10.6.1.1	 �Laxatives
Many treatments can be initiated without prior 
specialist physiologic investigation. Following 
a detailed history, the patient’s past drug use 
must be documented and can guide further ther-
apy. The evidence base for an exact protocol of 
laxative use is poor (see Ref. [45]); only poly-
ethylene glycol–based osmotic laxatives have 
been rigorously subjected to trials in the mod-
ern age of randomized controlled trials (RCTs) 
[46]. Nevertheless, stool softeners (e.g., docu-
sate), stimulant laxatives (e.g., senna and bisac-
odyl), and osmotic laxatives (e.g., polyethylene 
glycol, lactulose, magnesium salts) may be 
used alone or in combination with good effect. 
Bulking agents often cause further abdominal 
pain and bloating in patients with chronic con-
stipation. In addition, attempts to prescribe 
such products (like encouraging further dietary 
fiber intake, exercise, and fluids) are, in gen-
eral, met with hostility by patients who 
exhausted such measures many years before, 
and they lead to an erosion of trust. In the 
absence of evidence, I make the following prac-
tical suggestions:

a b

Fig. 10.3  (a) Plain film of a young male adult with gross idiopathic megarectum. (b) Barium enema in a different 
young male adult with a more modest megarectum (Courtesy of Dr. Mark Scott, Barts Health NHS Trust)
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•	 Reassure the patient that modern laxatives do 
not damage the bowel.

•	 Try to stop the current use of all laxatives; that 
is, do something definite (this is referred to as 
“switching” in the psychiatric literature).

•	 Consider the use of rectal laxatives (with or 
without oral purgatives) in patients with 
defecatory symptoms; these often will not 
have been tried.

•	 Consider laxative dose titration (e.g., magne-
sium salts, Movicol sachets).

•	 Prescribe and monitor the chosen therapy at a 
fixed interval – say, 3 months (monitoring can 
be performed by specialist nurses).

•	 Warn the patient of side effects but emphasize 
the need for compliance with a regular dose 
(avoid intermittent reactive use of laxatives).

•	 Rotate the laxative type regularly at intervals 
to avoid tolerance.

10.6.1.2	 �Prokinetics 
and Secretagogues

Although laxatives are widely used by patients 
with chronic constipation, it is generally 
acknowledged that at least 50 % of patients 
remain dissatisfied with their results [47]. A 
theoretical problem with all classical laxative 
therapies is their bioavailability in the colon. All 
require transport to the colon (to reach the site 
of action), and some require metabolism via the 
enteral flora to produce active products (e.g., 
hydrolysis of stimulant laxatives). Further, laxa-
tives are often poorly tolerated because of pain 
(mainly stimulant) or unpredictable diarrhea, 
with or without incontinence (mainly osmotic). 
Given the burden of disease, much has been 
invested to find newer classes of drugs to treat 
chronic constipation. To date, three drug classes 
are now marketed for chronic constipation and 
allied symptoms:

	1.	 Selective serotonin receptor subtype 4 (5-HT4) 
agonists (prokinetic)

	2.	 CIC-2 chloride channel activators (intestinal 
secretagogue)

	3.	 Guanylate cyclase-C receptor agonists (intes-
tinal secretagogue and visceral hyperalgesic)

The main development in the 5-HT4 agonist 
class is prucalopride. This drug has much greater 
selectivity to the 5-HT4 receptor than 5-HT4 ago-
nists withdrawn from the market, such as tegase-
rod and cisapride. In particular, it has no proven 
effect on the QTc interval caused by activation of 
the cardiac conducting system channels, which 
led to arrhythmias with less selective drugs. 
Prucalopride has been the subject of three rigor-
ous pivotal phase III trials, with pooled data 
available on >2,000 patients [48], and has also 
been trialed in the elderly. Abundant cross-species 
data (including humans) show that prucalopride 
leads to increases in propagated colonic contrac-
tile activity, leading to coordinated mass move-
ments and spontaneous defecation. It has an 
acceptable side effect profile and is now licensed 
in Europe and the United States for women with 
chronic constipation, among whom it has a some 
effect in approximately 50 % patients [48]. In 
particular, it has a significant advantage over lax-
atives in terms of reducing rather than increasing 
abdominal pain and bloating. Two drugs, lubipro-
stone (Amitiza; a CIC-2 chloride channel activa-
tor) and linaclotide (Linzess; a heat-stable 
enterotoxin homologue guanylate cyclase C 
receptor activator) accelerate colonic transit in 
humans by mediating luminal secretion. 
Lubiprostone is reported to cause problematic 
nausea in approximately 20 % of patients [49]. 
Linaclotide is licensed for the treatment of 
constipation-predominant IBS [50] and, based on 
experimental evidence, may have particular ben-
efit for patients in whom pain caused by visceral 
hypersensitivity is the main complaint.

10.6.1.3	 �Behavioral Therapy
In most practices patients are first referred to spe-
cialist nurses for a variety of nurse-led behavioral 
interventions to improve defecatory function. A 
range of cohort studies [51], RCTs [52], reviews, 
guidelines [38], and a meta-analysis [53] attest to 
the general success of this approach. However, 
opinion varies greatly concerning the complexity 
of intervention required, and practice varies 
remarkably. The most basic form of behavioral 
therapy comprises “habit training.” This involves 
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optimizing dietary patterns to maximize the gas-
trocolic response and the morning clustering of 
colonic high-amplitude propagated contractions, 
which propel contents toward the rectum for sub-
sequent evacuation. Advice is given on diet (to 
optimize intake of liquids and fiber) and about 
the frequency and duration of toilet visits and 
posture. Patients are also instructed on basic gut 
anatomy and function, and gain an appreciation 
of how psychological and social stresses may 
influence gut function. Simple pelvic floor and 
balloon expulsion exercises are often included.

More complex forms of therapy include instru-
ment-based biofeedback learning techniques [51, 
54]. Particularly favored in the United States, these 
provide direct visual computer-based biofeedback 
of pelvic floor activity. This (usually nurse-led) 
therapy retrains the patient to appropriately con-
tract abdominal and relax pelvic floor muscles 
during defecation; the patient receives feedback of 
anal and pelvic floor muscle activity as recorded 
by surface electromyography, anal pressure sen-
sors, or digital examination by the therapist. 
Several controlled trials and meta-analyses pro-
vide data on biofeedback outcomes in comparison 
with sham or alternative treatments (see the review 
in Ref. [32]). Opinions vary on which patient 
groups benefit most, with some favorable [51] and 
unfavorable results [52] for patients with slow-
transit constipation. However, most would agree 
that this treatment is best targeted at those with 
defecatory disorders and particularly those with 
proven dyssynergia. Success rates range from 
approximately 70–90 % in adults with defecatory 
disorders [52], and a meta-analysis of three RCTs 
give an odds ratio of success over placebo of 3.7 
(95 % confidence interval, 2.1–6.3) [53]. Training 
may have to be reinforced at intervals but is gener-
ally sustained over the long term. Of note, there 
has been no multicenter or adequately powered 
RCT of biofeedback versus habit training alone in 
unselected patients with chronic constipation. 
Further, most publications advocating biofeed-
back have come from specialist centers with con-
siderable investment in these techniques; much 
less favorable reports come when biofeedback is 
the “devested” comparator [55].

10.6.1.4	 �Anal Irrigation
Anal irrigation using a variety of commercially 
available devices has been rapidly disseminated 
internationally over the past 3–5  years, first in 
patients with neurological injury [56] and subse-
quently in other groups with constipation. Despite 
a lack of published data other than from small 
selected case series, it is generally considered to 
be the next step for patients failing other nurse-
led interventions. There are, however, ongoing 
concerns regarding the longevity of treatment 
and complications. While therapy might seem 
best directed toward those with defecatory disor-
ders, audit data suggest efficacy in patients with 
all forms of chronic constipation [57].

10.6.2	 �Surgical Treatment

Surgical procedures directed at the anorectum 
and pelvic floor for defecatory disorders are cov-
ered in Chap. 11.

10.6.2.1	 �Colectomy
Until relatively recently, colonic excision was 
the only popularized form of surgery to address 
slow-transit constipation. It is a fact that colec-
tomy has a “finality” that separates it not only 
from medical treatments but also from most 
other invasive interventions for constipation. 
The results of colectomy have been extensively 
reviewed [33, 58], with overall success rates 
varying between 40 and 100 %. It is probable 
that colectomy peaked in popularity in the mid-
1990s; its application has gradually declined 
since publications of more modest longer-term 
results became available and the potential for 
serious complications and poor functional out-
comes was realized. Nevertheless, most would 
agree that colectomy continues to have a limited 
role as a treatment option for highly selected 
patients with proven slow-transit constipation 
but normal or completely treated [59] evacuation 
who have failed all nonsurgical interventions 
and in whom symptoms are sufficiently severe to 
contemplate major surgery. Such surgery should 
only be undertaken in specialized centers where 
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techniques required for selection are available. 
Colectomy with ileorectal anastomosis has the 
most consistent results, leading to a median stool 
frequency of three per day (ranging from one to 
five per day). Unfortunately, surgery may not sat-
isfactorily alleviate other symptoms (e.g., abdom-
inal discomfort or bloating), and patients should 
be made aware of this possibility before the oper-
ation. Overall, the majority of well-selected 
patients are satisfied with the results of surgical 
treatment [59]; however, long-term postoperative 
complications, particularly small-bowel obstruc-
tion, are common. In addition, patients may mani-
fest symptoms of a more global GI dysmotility 
disorder in the long term. To give an idea of selec-
tivity, it is my practice to perform about two col-
ectomies per  annum among the hundreds of 
patients seen annually. The procedure can now be 
performed laparoscopically [60], making this a 
more attractive for young female patients. It is 
hoped that this will also reduce the disproportion-
ately high incidence of adhesional small-bowel 
obstruction seen after colectomy in patients with 
slow-transit constipation [33].

10.6.2.2	 �Neuromodulation
The role of sacral nerve stimulation (SNS) is con-
tentious. The publication of a multicenter European 
trial in 2010 showing a beneficial effect of SNS in 
39 of 62 patients with chronic constipation (63 %) 
who predominantly had slow-transit constipation 
[61] has been followed by several less encouraging 
reports. Mechanistically, SNS increases pancolonic 
anterograde propagated sequences in patients with 
slow-transit constipation; however, more recent 
data from the same group suggest that such changes 
only occur with suprasensory stimulation [62]. 
Controlled studies are required, particularly since 
SNS is not cheap, but the attraction of this mini-
mally invasive treatment, and the possibility to test 
patients before implanting the stimulator, make it a 
promising tool for patients who might otherwise 
progress to colectomy [58].

10.6.2.3	 �Stoma
A stoma may be used as a definitive procedure, as 
a guide for further treatment, or to salvage failed 
or complicated prior surgical intervention. Few 

published data support its evidence-based use; 
however, an ileostomy may be used as a guide to 
colectomy, and subsequent resection can be 
avoided if ileostomy output is unsatisfactorily 
high or symptoms such as pain and bloating are 
untouched by diversion [63]. As a definitive pro-
cedure, both colostomy and ileostomy have been 
described for a diversity of disorders character-
ized by constipation, including spinal cord injury, 
megacolon, and chronic idiopathic constipation. 
There is little evidence in adults to guide the 
choice of ileostomy or colostomy, but some stud-
ies report high complication rates of ileostomy, 
and slow-transit constipation may be unsatisfac-
torily treated by colostomy.

The Malone anterograde continent enema 
technique may be an option for refractory slow-
transit constipation but has been used more fre-
quently in patients with severe defecatory 
disorder when conservative methods and pelvic 
floor surgery have failed or are contraindicated 
[64]. In patients with previous appendicectomy 
or in whom the appendix cannot be satisfactorily 
used, cecostomy may be effected using a percuta-
neous Chait tube or by more complex surgical 
techniques [65]. In general, success rates are 
lower in adults [64, 65] than in children: approxi-
mately 50 % versus 80 % (see below). In the long-
term, complications such as stoma stenosis or 
leakage, or failure to effectively treat symptoms 
commonly require revision (>50 % at 3  years), 
reversal, or conversion to a formal stoma [65].

10.7	 �Special Considerations

10.7.1	 �Megarectum and Megacolon

As noted above, the finding of chronic visceral 
dilatation in concert with chronic constipation is 
rare and may often point to a secondary cause 
such as central neurological disease, autonomic 
neuropathy (diabetes and paraneoplastic syn-
drome), connective tissue disease, and Chagas 
disease. In such instances, global dysmotility 
may also manifest with dysphagia, gastric empty-
ing disturbances, and small-bowel dysmotility 
with or without dilatation (the latter is termed 
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chronic intestinal pseudo-obstruction). Chronic 
dilatation of the rectum or colon is termed mega-
rectum or megacolon, respectively, although they 
frequently coexist (sometimes termed mega-
bowel). When no secondary cause is evident, the 
term idiopathic is applied. Table  10.3 should 
serve as an aid to understanding the globally con-
fusing nomenclature in this area.

Idiopathic megarectum in its classic form is, 
in my opinion, a distinct condition from mega-
colon. The condition nearly always starts in 
infancy or early childhood, is predominant in 
males [66], and is usually associated with psy-
chobehavioral conditions, for example, variants 
of autism (a casual genetic link was just recently 
established [67]), learning disorders [66], or 
neurological disorders. In this situation it is 
widely assumed that chronic inhibition of defe-
catory behavior leads to a bolus distension of 
the rectum. The resulting megarectum may be 
huge (the size of a full-term pregnancy) 
(Fig. 10.2), and the condition is terribly debili-
tating for the child and parents because of the 
pain and overflow incontinence, including noc-
turnal encopresis [66]. The management of this 
condition is difficult and almost always involves 
surgery at some stage (this is reviewed exten-
sively elsewhere). By contrast, idiopathic mega-
colon is, in my view, more akin to an extreme, 
rare variant of slow-transit constipation. It is 
thus a female-predominant condition that pres-
ents during childhood or adulthood [66]. In gen-
eral, such colons become flaccid and fail to 
generate useful propulsive motility, despite 
maximal pharmacologic intervention. The man-
agement of such patients usually requires 
colonic resection and/or a stoma. Referral to a 
specialist center is recommended for patients 
with idiopathic megabowel.

10.7.2	 �Hirschsprung Disease

HSCR is a genetically determined intestinal 
obstruction syndrome (OMIM 142623) that occurs 
in approximately 1 in 5,000 live births and is pre-
dominant in males (male-to-female ratio of 4:1 in 
short-segment HSCR and 2:1  in long-segment 
HSCR). The classical form is short-segment (also 
called type I HSCR), affecting approximately 
60–85 % of cases and characterized by a failure of 
enteric nervous system (ENS) formation (agangli-
onosis) restricted to the rectum and, in continuity, 
a short portion of the colon distal to the splenic 
flexure. In the rarer form, affecting approximately 
15–25 % of cases, the aganglionic segment is lon-
ger (type II HSCR) and extends proximally to 
affect more of the bowel, including the entire 
colon (8–10 %) or even the entire intestine. A vari-
ety of single-gene defects have been detected in 
approximately 40 % patients and are more com-
mon in the familial and syndromic forms [68].

HSCR is often included in discussions of chronic 
constipation because some adults or older children 
with either megarectum or megacolon may have 
previously undetected classic or “very short segment 
disease” [69]. Clinical features may resemble mega-
colon (classic disease) or megarectum (short-seg-
ment disease) [69]. A demonstration of the rectoanal 
inhibitory reflex is included in standard anorectal 
manometry protocols (see investigation section), 
and its presence excludes HSCR. I have never seen a 
patient with conclusively proven adult HSCR, and 
although deep submucosal or strip myectomy rectal 
biopsies are occasionally performed in adults, it 
could be concluded that this presentation is 
extremely rare, at least among Western populations 
in the modern age of pre- and postnatal diagnoses.
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Defecation Disorders

Laurent Siproudhis and Paul-Antoine Lehur

Dyschezia refers to the inability to efficiently 
and rapidly empty the rectum of its contents on 
demand. Defecation disorders involve both 
functional and anatomic considerations when 
symptoms related to obstructed defecation 
coexist with abnormal anal function (anismus), 
rectocele, intussusception, or overt rectal pro-
lapse. Symptoms are a source of discomfort 
and significantly impair the quality of life of 
afflicted patients. Management requires a thor-
ough clinical and functional assessment to 
identify the underlying cause. Medical treat-
ment and pelvic floor retraining are first-line 
treatments. Various surgical approaches cur-
rently available are designed to correct ana-
tomic abnormalities in order to improve 
function and may be performed in selected 
patients.

11.1	 �Definition – Epidemiology

Impaired defecation is a commonly reported 
symptom. It is covered by the general term con-
stipation, which refers to infrequent or qualita-
tively inadequate defecation when compared 
with the normal scheme (Appendix 1). 
Defecation disorders, also called “outlet 
obstruction/delay” or “dyschezia,” are inte-
grated into the Rome III definition of chronic 
constipation (Table 11.1).

While the exact prevalence of constipation of 
the outlet delay type is unknown, it is recognized 
as a common health problem. In several popula-
tion surveys, the prevalence of symptoms com-
patible with outlet obstruction has been as high 
as 30 %. It is accepted that about one-third of 
patients who present to their physician com-
plaining of constipation demonstrate evidence of 
outlet obstruction [1]. Studies from referral cen-
ters also show a higher incidence of outlet delay 
than slow-transit constipation (60 % vs. 30 %, 
with the two types of constipation combined in 
5 % of cases).

Defecation disorders occur significantly more 
frequently in women than in men. Prevalence 
increases with advancing age in both sexes, and 
the elderly, especially women, are frequently 
affected. The reasons for the female predisposi-
tion toward evacuation problems include pelvic 
floor alteration related to childbirth through vagi-
nal delivery, long-lasting and excessive straining 
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when passing stool, postmenopausal hormonal 
estrogen deprivation, previous hysterectomy, and 
association with urogenital prolapse and urinary 
incontinence. A genetic predisposition to pelvic 
organ prolapse is also recognized as a predispos-
ing factor.

11.2	 �Etiology – Pathophysiology

Impaired defecation may result from various 
functional and/or anatomic disorders combined 
in a complex syndrome that is still not completely 
understood.

11.2.1	 �Functional Anal Obstruction

Inappropriate contraction of the pelvic floor 
or ineffective relaxation of striated muscles on 
the pelvic floor during attempted defecation 

impedes the passage of stool. Anal dyssynergia 
or anismus refers to this situation. Neurologic 
disorders such as spinal cord lesions and mul-
tiple sclerosis may also be responsible. In rare 
instances the functional obstruction is due to 
the ineffective inhibition of the internal anal 
sphincter with failure of the rectoanal inhibi-
tory reflex, as occurs in Hirschsprung disease, 
Chagas disease, and hereditary myopathy of the 
internal anal sphincter. This feature may be 
encountered in association with pelvic organ 
prolapse [2].

11.2.2	 �Rectal Inertia – Rectal 
Hyposensitivity – Megarectum

The failure to increase intra-abdominal/intrarec-
tal pressure to a level sufficient to allow defeca-
tion frequently occurs in elderly or debilitated 
patients and accumulates stool in the rectum, 

Table 11.1  Rome III definitions of functional defecation disorders (www.romecriteria.org/criteria/)

Diagnostic criteria for functional constipation

 � 1. Must include two or more of the following:
 �   (a) Straining during at least 25 % of defecations
 �   (b) Lumpy or hard stools in at least 25 % of defecations
 �   (c) Sensation of incomplete evacuation for at least 25 % of defecations
 �   (d) Sensation of anorectal obstruction/blockage for at least 25 % of defecations
 �   (e) �Manual maneuvers to facilitate at least 25 % of defecations (e.g., digital evacuation, support of the pelvic 

floor)
 �   (f) Fewer than three defecations per week
 � 2. Loose stools are rarely present without the use of laxatives.
 � 3. Insufficient criteria for irritable bowel syndrome
Functional defecation disorders

Diagnostic criteriaa

 � 1. The patient must satisfy diagnostic criteria for functional constipation**
 � 2. During repeated attempts to defecate, must have at least two of the following:
 �   (a) Evidence of impaired evacuation, based on balloon expulsion test or imaging
 �   (b) �Inappropriate contraction of the pelvic floor muscles (i.e., anal sphincter or puborectalis) or <20 % 

relaxation of the basal resting sphincter pressure by manometry, imaging, or electromyography
 �   (c) Inadequate propulsive forces assessed by manometry or imaging
Dyssynergic defecation

Inappropriate contraction of the pelvic floor or <20 % relaxation of the basal resting sphincter pressure with 
adequate propulsive forces during attempted defecation
Inadequate defecatory propulsion

Inadequate propulsive forces with or without inappropriate contraction or <25 % relaxation of the anal sphincter 
during attempted defecation

aCriteria fulfilled for the past 6 months, with symptom onset at least 6 months before diagnosis
**As described here above
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leading to fecal impaction (or fecaloma). In some 
conditions, defined as “rectal inertia” or “megar-
ectum” and occurring in young patients, the rec-
tum and often the distal sigmoid colon dilate and 
attempts to evacuate are ineffective. Abnormal 
rectal sensation during rectal filling, termed rec-
tal hyposensitivity (blunted rectum), may be pres-
ent and is caused by diabetes mellitus, multiple 
sclerosis, cerebrospinal disease, or direct injury 
to the pelvic nerves during hysterectomy or fol-
lowing disc (L5–S1) surgery.

11.2.3	 �Excessive Perineal Descent

Perineal descent during defecation that exceeds 
4  cm is associated with evacuation difficulties. 
It  is caused by weakness of the pelvic floor 
support as a consequence of stretching of or 
stress on the nerves, ligaments, and muscles of 
the pelvis during childbirth. Perineal descent 
may be associated with sacral nerve damage, 
secondary muscular atrophy, and eventually 
fecal incontinence, leading to the so-called 
descending perineum syndrome. It is, however, 
unclear whether perineal descent itself induces 
dyschezia.

11.2.4	 �Anatomic Defects 
and Deformities of the Rectal 
Reservoir

In addition to functional disorders, anatomic 
abnormalities may lead to impaired rectal evacu-
ation. Any prolapsing organ pressing on mecha-
noreceptors adjacent to the rectum may give the 
patient the perception of impending defecation 
and disturb the normal evacuation process.

•	 Rectocele is defined as a herniation of the 
anterior rectal wall into the posterior vagina.

•	 Enterocele is the insinuation of a viscus (the 
small bowel or sigmoid colon) between the 
posterior vaginal wall and rectum into a herni-
ated pouch of Douglas.

•	 Rectal intussusception (also known as “inter-
nal procidentia” or “occult rectal prolapse”) is 

defined as an incomplete, nonexteriorized rec-
tal prolapse. Infolding of the rectal wall is a 
common finding in healthy individuals, but 
high-grade intussusception reaching the anal 
canal may contribute to defecation disorders.

11.3	 �Diagnostics

11.3.1	 �Symptoms

History-taking is essential in defining what 
symptom causes the patient the most problems. 
Questions must assess various factors:

•	 Presence of an urge to defecate (patients with 
colonic inertia rarely have a need, but patients 
with defecation disorders have the urge to def-
ecate daily)

•	 Bowel frequency, stool consistency, and size 
(best assessed using the Bristol stool chart)

•	 Use of laxatives, suppositories, and enemas
•	 Duration of the problem and the circum-

stances in which it occurs
•	 Maneuvers and digitations that the patient per-

forms to help him-/herself evacuate
–– Vaginal digitation suggests a rectocele
–– Leaning forward on the toilet seat suggests 

an enterocele
–– Massaging lateral to the anus suggests poor 

rectal contractility
–– Use of enemas and/or suppositories may 

suggest megarectum
–– Supporting the perineum is used in abnor-

mal perineal descent

Typical symptoms of obstructed defecation, 
with variations according to the type of disorder, 
are presented in Table 11.2. These symptoms are 
best assessed using standardized questionnaires 
specifically designed for this purpose [3] 
(Table  11.3). A diary of gastrointestinal com-
plaints and defecation habits can be helpful. The 
presence of fecal incontinence is also established 
and, if present, scored. Abdominal pain and 
bloating may be present, as irritable bowel syn-
drome is frequently associated with defecation 
disorders. Associated urogynecologic symptoms 
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including urinary incontinence, dyspareunia, and 
manifestations of urogenital prolapse must also 
be identified.

Any history of proctologic, obstetric, gyneco-
logic, and/or urologic conditions should be care-
fully established. Obtaining psychological or 
psychiatric advice is relevant in select cases, par-
ticularly if surgery is contemplated. Underlying 
personal problems are frequently present, and this 
patient population more likely to have suffered 
some form of sexual abuse during childhood and 
is more depressed than a normal population.

11.3.2	 �Examination – Clinical Findings

After an abdominal examination, the patient is 
placed in the lithotomy position for a complete 
perineal and anorectal examination. The follow-
ing must be clinically assessed:

•	 Descent/elevation of the perineum on com-
mand, at inspection

–– Inability to coordinate pelvic floor relax-
ation with failure of the perineum to 
descend more than 1  cm upon straining 
(frozen perineum) strongly favors anismus.

•	 Anal resting tone and squeeze pressure on 
digital examination and the integrity of the 
sphincteric ring
–– Anismus is evoked in the case of hypertonia.
–– Fecal incontinence and soiling may result 

from low anal tone or chronic impaction.
•	 Presence of anal stenosis
•	 Presence of associated hemorrhoidal disease, 

mucosal prolapse, or full-thickness prolapse
–– Insertion of a proctoscope allows an ante-

rior wall prolapse, an internal prolapse, or 
the beginning of an external prolapse to be 
visualized upon straining.

•	 Rectovaginal wall and anterior rectal wall integ-
rity to identify a rectocele or an enterocele
–– Enterocele is not easy to distinguish on 

simple clinical grounds (vaginal and rectal 
examination, bidigital examination, specu-
lum examination, standing position).

Table 11.3  Severity of disease index for obstructed defecation

Variables

Score

0 1 2 3 4

Mean time spent on the toilet ≤5 min 6–10 min 11–20 min 21–30 min >30 min
Attempts to defecate per day, n 1 2 3–4 5–6 >6
Anal/vaginal digitations Never >1/month, <1/

week
Once a week Two to three per 

week
Every 
defecation

Use of laxatives Never >1/month, <1/
week

Once a week Two to three per 
week

Every day

Incomplete/fragmented 
defecation

Never >1/month, <1/
week

Once a week Two to three per 
week

Every 
defecation

Straining during defecation Never <25 % of the 
time

<50 % of the 
time

<75 % of the time Every 
defecation

Stool consistency Soft Hard Hard and few Fecaloma formation

This score, ranging from 0 (normal) to 31 points, has been validated and is recommended for the assessment of patients 
and for research purposes [3]

Table 11.2  Symptoms to be searched in defecation disorders

Inability to empty the rectum (sometimes even for soft or liquid stool)
Excessive and prolonged straining efforts and time spent in toilets
Feeling of incomplete and/or fragmented, unsatisfactory evacuation
Pain and perineal discomfort in the standing position and/or at defecation
Need for (intra-anal, perineal, or vaginal) stimulation and manual evacuation
Rectal bleeding and mucous discharge
Use of laxatives, suppositories, enemas
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–– Vaginal bulging is graded as I (intravagi-
nal), II (reaching the introitus), or III 
(exteriorized).

–– Rectoceles are classified according to their 
position relative to the vagina: low (with 
thinning of the perineal body and some-
times anal sphincter disruption), middle, 
and high (commonly associated with 
enterocele).

•	 Entire pelvic floor and the relationship of the 
rectum to the remainder of the pelvic organs to 
document anterior compartment prolapse 
(uterine, cystocele, or vaginal vault) and uri-
nary incontinence.

11.3.3	 �Workup

Most patients clinically identified as suffering 
from defecation disorders require a series of tests 
to assess anorectal and colonic function for fur-
ther management (Table  11.4). These methods, 
used for evaluation in constipated patients, give 
objective measurements of colorectal function. 
However, their limitations must be kept in mind 
and the results analyzed in light of the symptoms 
and clinical findings [4].

The presence of an organic cause of constipa-
tion (e.g., cancer, stricture from any cause) is 
excluded by appropriate means – usually colonos-
copy. Information from a standard gynecologic 
workup (mammography, pelvic ultrasound, cervi-
covaginal smears) is obtained as appropriate.

11.3.4	 �Dynamic Defecography

Dynamic changes in the anatomic structures of the 
pelvis are studied during simulated defecation.

11.3.5	 �Standard Dynamic 
Defecography

Technique: A semisolid artificial barium stool is 
injected into the rectum with concomitant filling 
of the small bowel, usually also the vagina and 
bladder. The patient is placed on a specially 

designed commode. Lateral video-radiographs 
are taken before, during, and after defecation.

Defecographic parameters include the

•	 position of the pelvic floor
•	 anorectal angle at rest and during straining 

and evacuation
•	 opening of the anal canal and time to and com-

pleteness of emptying

A rectocele, if present, is defined by its size, 
barium trapping, and incomplete evacuation 
(Fig.  11.1). Rectal intussusception is graded 
according to its distance from the anal canal. 
Enteroceles can be identified during the evacu-
ation phase. Nonrelaxing puborectal muscle 
may be recognized and may delay or prevent 
evacuation (anismus). This technique is useful 
since it allows the dynamic assessment of both 
rectal wall prolapse and rectal emptying. 
Results must be interpreted with caution and 
related to the symptoms and physical findings; 
small rectoceles and minor rectal intussuscep-
tion occur in up to 50 % of healthy subjects, and 
their clinical significance is unclear.

11.3.5.1  �Dynamic Magnetic Resonance 
Imaging

This investigation tends to replace barium defe-
cography because its fast image acquisition 
yields data similar to that from standard defecog-
raphy without the need for radiation. It also helps 
to characterize associated pelvic organ prolapse 
(Fig. 11.2). Using a standard magnetic resonance 
imaging system, the patient is asked to evacuate 
in the left lateral position, not a physiological 
position as is used with conventional defecogra-
phy. Moreover, dynamic magnetic resonance 
imaging is not sensitive enough to detect intrar-
ectal intussusception.

Table 11.4  Tests eventually required when assessing 
disordered defecation

Dynamic defecography
Anorectal physiology tests
Colonic transit time
Endoanal ultrasound
Urological/gynecological workup
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11.3.5.2  �Defecation Scintigraphy
The efficiency of defecation is measured by cal-
culating the percentage of artificial radiolabeled 
stool evacuated from the rectum. Healthy indi-
viduals evacuate 60 % of stool in 10 s. Because of 
its limited availability, its use in clinical practice 
is uncommon.

11.3.6	 �Anorectal Physiology Tests

These include standard manometry, the assess-
ment of rectal sensation/rectal wall properties, 
and the balloon expulsion test.

High resting anal pressures suggest the pres-
ence of anismus. Absence of the rectoanal inhibi-
tory reflex raises the possibility of adult 
Hirschsprung disease. Patients with defecation 
disorders have inappropriate contraction of the 
pelvic floor and anal sphincter while straining.

Rectal sensation and rectal wall properties can 
be tested by controlled balloon distension of the 

rectum. Recorded measurements are the volume 
at which the first sensation is experienced, the 
volume that elicits a desire to defecate, and the 
maximal tolerated volume.

The balloon expulsion test is a cheap, easy to 
perform, and reproducible method used to assess 
the ability to empty the rectum. Patients with dys-
function of the pelvic floor and anismus often fail 
to expel the balloon.

11.3.7	 �Colonic Transit Time

Colonic transit may be studied using several 
methods, the simplest and most popular of 
which involves the ingestion of radiopaque 
markers. The markers are followed along the 
large bowel with abdominal radiographs. 
Patients with transit times longer than 72 h are 
classified as having slow-transit constipation. 
Scintigraphic methods to determine panintesti-
nal transit are also available. These methods are 

Fig. 11.1  Standard dynamic defecography with bowel 
barium filling. Evacuation series: rectocele and low-grade 
rectal intussusception (no enterocele), moderate perineal 

descent (left). Patient digitating to empty the rectocele by 
using the fingers to put pressure on the vaginal bulge 
(right)
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not, however, sensitive enough to detect abnor-
malities of rectal emptying.

11.3.8	 �Endoanal Ultrasound

Endoanal ultrasound is required in cases of fecal 
incontinence to document anal sphincter tears. It 
may affect the surgical approach.

11.3.9	 �Electromyographic Studies

The electromyographic (EMG) activity of the 
external anal and puborectalis muscles can be 
recorded either by needle or surface electrodes 
to detect the absence of relaxation or inappro-
priate contraction of the sphincters during 
attempted expulsion; this is indicative of anis-
mus. The EMG signal may later be used during 

a

b c

Fig. 11.2  Dynamic defecographic magnetic resonance 
imaging series in the same patient. (a) At rest. (b) First 
stage of rectal evacuation with the presence of an anterior 
rectocele. (c) End of rectal evacuation: the empty rectum 

leaves room for a large sigmoidocele reaching the 
perineum. Associated prolapse of the anterior compart-
ment (bladder and uterus)
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biofeedback therapy. The lack of specificity of 
this test and the considerable overlap measures 
in selected groups of incontinent and consti-
pated patients is not really helpful for diagnosis 
of perineal neuropathy or for prognostic 
considerations.

11.3.10  �Urological Workup

Voiding studies are needed in the case of associ-
ated urinary incontinence or symptoms that have 
to be searched for systematically.

11.4	 �Treatment

11.4.1	 �Conservative Treatment

Dietary and hygienic measures are recom-
mended as first-line treatment and improve 
symptoms in 30–60 % of patients. Simple mea-
sures include increasing fiber (20–25 g/day) and 
noncaffeinated, nonalcoholic fluid intake. 
Illustrated explanations of the defecatory pro-
cess and advice on positioning on the toilet seat, 
the use of suppositories and small enemas, and 
manually supporting the perineum are simple 
and helpful primary care measures to reassure 
the patient.

One of the best evaluated strategies is a carbon 
dioxide–releasing suppository, which has been 
shown to be more effective than a placebo for the 
relief of symptoms of dyschezia and is associated 
with a good safety profile [5]. It also significantly 
enhances the efficacy of retraining in patients 
with anismus [6].

11.4.2	 �Biofeedback Therapy – Pelvic 
Floor Retraining

Behavioral relaxation techniques may reestablish 
normal rectal expulsion. Patients with constipa-
tion secondary to pelvic floor dysfunction are 
guided through a retraining program to relax the 
pelvic floor muscles during straining.

Biofeedback is a well-established treatment 
modality. Several techniques are available: the 
ambulatory or in-patient approach, a microbal-
loon system, surface EMG recording, or an anal 
EMG probe. Overall, two-thirds of patients with 
anismus achieve success with pelvic floor 
retraining. Several controlled trials have shown 
a benefit of retraining over “dietary [changes] 
and/or laxatives” alone in patients with 
obstructed defecation related to an anismus [7, 
8]. However, new trials are necessary to better 
assess the level of benefit biofeedback could 
provide.

11.4.3	 �Surgical Techniques

Surgical treatment of defecation disorders aims 
at correcting anatomic abnormalities with the 
intent that correction will improve function. 
Disorders in which surgery should be considered 
include nearly exclusively rectocele, intussuscep-
tion, and enterocele.

11.4.3.1  �Methods
The approach can be from three directions: tran-
srectal (through the anal canal), transvaginal or 
transperineal, or transabdominal either by 
Pfannenstiel laparotomy or more often nowadays 
through a laparoscopic approach.

�Transanal Approach
Transanal repair addresses the anorectal compo-
nent of rectoceles. The patient is placed in the 
jack-knife or lithotomy position. The anal canal 
is opened with a retractor to expose the lower 
rectum.

•	 Option 1. Anterior (longitudinal or 
transversal) plication of the rectal wall 
and  resection of excess mucosa allow cor-
rection of rectocele (Sullivan–Khubchandani 
technique).

•	 Option 2. Stapled transanal rectal resection (or 
Transtar) procedure using either circular or 
curved linear staplers is currently performed 
more frequently. The technique allows 
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resection of the anterior and posterior rectal 
walls, correcting both rectocele and intussus-
ception while restoring the normal shape of 
the rectal ampulla [9]. An internal Delorme 
operation has also been proposed to treat high-
grade internal prolapse.

�Transperineal or Transvaginal Approach
By contrast, the transvaginal/transperineal 
approach corrects the rectocele using a transverse 
perineal and/or a vertical vaginal incision. After 
exposing the whole of the rectovaginal septum, 
the anterior rectal wall is plicated from outside, a 
vaginal sacrospinous ligamentopexy (Richter 
procedure) can be performed, and the levator ani 
are plicated (levatorplasty), taking great care to 
not reduce the vaginal introitus. In large or recur-
rent defects, some surgeons insert various types 
of mesh to add support. Because of a high risk of 
complications (extrusion, dyspareunia), the use 
of mesh through a vaginal approach is no longer 
recommended. This approach allows anal sphinc-
ter repair in addition to rectocele repair, if 
required. The pouch of Douglas can also be 
resected using this approach.

�Transabdominal Approach
Through an open or (preferably) a laparoscopic 
approach, mesh inserted into the rectovaginal 
septum and suspended without tension to the 
sacral promontory (colpopexy vaginorectopexy 
or ventropexy) allows for the correction of deep 
enteroceles, sigmoidoceles, and rectoceles; 
supports the associated rectal intussusception; 
and elevates a deep pouch of Douglas [10–12]. 
This technique, the so-called laparoscopic ven-
tral mesh rectopexy (LVMR) (see also Chap. 
12), differs from standard rectopexy in that it 
avoids dorsolateral mobilization of the rectum 
and does not endanger the pelvic autonomic 
innervation.
Some authors have supported a combined abdom-
inal and perineal approaches to achieve complete 
rectovaginal suspension (Zaccharin procedure), 
which is not commonly performed. Rectovaginal 
mesh suspension is easily combined on demand 

or systematically with bladder/anterior vaginal 
wall suspension for urogenital prolapse.

11.4.3.2  �Results – Outcome
The level of evidence in the literature is poor 
with regard to any surgical approach for a defe-
cation disorder. A wide spectrum of results has 
been reported for rectocele repair, combined 
with variable criteria for surgery, and no clear 
difference has been shown between the transrec-
tal and transvaginal/transperineal approaches. 
The outcome of surgery is often difficult to pre-
dict. The patient must be informed and under-
stand that whatever technique is tried, there is a 
risk of failure.

Patients should be given realistic expectations 
and must be warned that symptoms may persist 
following surgery. Incomplete or no resolution of 
the problem, as well as the appearance of new 
symptoms of variable severity, may define failure 
of the surgical approach. Complications follow-
ing transanal repair include the onset of fecal 
incontinence, and a decrease in anal sphincter 
pressures has been reported after this procedure. 
Stapled procedures offered better improvement 
than biofeedback/retraining in a randomized con-
trolled study [13]. However, the urgency to defe-
cate and incontinence during early follow-up and 
recurrence during late follow-up are the main 
limitations of this approach [9, 14]. Dyspareunia 
may occur after transvaginal repair. In women 
with pelvic organ prolapse, sacral colpopexy has 
superior outcomes to a variety of vaginal proce-
dures, including sacrospinous colpopexy, utero-
sacral colpopexy, and transvaginal mesh [15]. 
These benefits must be balanced against a longer 
operating time, a longer time to return to activi-
ties of daily living, and the increased cost of the 
abdominal approach. Constipation symptoms 
often increase after conventional rectopexy but 
do not often occur following LVMR [12]. This 
technique has been widely developed over the 
past decade: the laparoscopic approach or robot-
assisted methods have been standardized, even 
allowing day-care surgery in selected tertiary 
centers.
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11.4.3.3  �Indications for Surgery – 
Special Conditions

Surgery can be discussed for patients with def-
ecation disorders who are unresponsive to 
dietary measures and rehabilitative therapy 
(Appendix 2).

•	 Nonrelaxing puborectalis or anismus: Surgical 
treatment for this condition (unilateral or 
bilateral division of the external anal sphincter 
muscle or puborectalis, for instance) has been 
abandoned. Some benefit can be obtained with 
botulinum toxin (Botox) injection to reduce 
hypertonia and muscle bulk.

•	 Perineal descent: This is not a surgical condi-
tion. Pelvic floor retraining can be offered but 
has limited success. Prevention is recom-
mended (atraumatic childbirth, limited strain-
ing when passing stool, pelvic floor exercises).

•	 Rectocele: Frequently asymptomatic, a recto-
cele can be an incidental finding on examina-
tion and on defecography that does not require 
surgery. The selection of patients for surgical 
intervention for symptomatic rectocele 
remains an area of debate. Currently accepted 
criteria for patient selection for surgery are a 
need for rectal/vaginal digitation to facilitate 
rectal evacuation, rectal and/or vaginal symp-
toms for longer than 12 months that are not 
improved by increasing dietary fiber, and a 
rectocele larger than 3 or 4 cm in diameter on 
defecography with only partial emptying.

•	 Enterocele. Abdominal approach and mesh 
suspension is recommended in younger 
patients. In older or fragile patients, perineal 
repair gives satisfactory results at lesser risk 
and is therefore the preferred option.

•	 Rectal intussusception: The role of surgery in 
this condition is controversial; however, 

LVMR gives good results and could be 
offered especially in patients with fecal 
incontinence associated with outlet obstruc-
tion. Other options are perineal approaches – 
either internal Delorme procedure or the more 
widely used stapled transanal rectal resection 
(Transtar).

•	 Megarectum  – slow-transit constipation: 
Vertical reduction rectoplasty and concomi-
tant sigmoidectomy have been proposed for 
the treatment of idiopathic megarectum. In the 
most severe cases, and when defecation disor-
ders are associated with slow-transit constipa-
tion, there may be an indication for antegrade 
colonic enemas using a Malone-type cecos-
tomy for easier bowel management. Refractory 
cases may end up with an ileostomy or 
colostomy.

•	 Adult Hirschsprung disease: This uncommon 
cause of outlet obstruction can be diagnosed 
on anorectal manometry when the rectoanal 
inhibitory reflex is absent. The patient should 
then undergo a full-thickness rectal biopsy to 
confirm the absence of ganglion cells in the 
bowel wall. For ultrashort agangliosis, lateral 
internal sphincterotomy or anorectal myec-
tomy are recommended.

�Conclusion

Defecation disorders represent a complex 
field for which detailed assessment of the ter-
minal bowel anatomy and function is needed. 
A multidisciplinary approach as developed in 
“pelvic floor clinics” is a useful adjunct to the 
traditional colorectal approach. In this diffi-
cult area of functional disorders, providing 
information to the patient and his/her relatives 
is essential, especially when surgery is 
considered.
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�Appendix 1 Normal Defecation

Normal defecation

The process by which the rectum normally empties is complex. It requires a series of coordinated actions of the 
colon, rectum, pelvic floor, and anal sphincter muscles
Physiological steps of a successful evacuation of the bowel:
 � Mass movement in the sigmoid colon moves a fecal bolus to the rectum and may initiate the urge to defecate. The 

sensation of rectal filling plays a key role in normal defecation.
 � Distension of the rectum results in relaxation of the internal anal sphincter (the so-called rectoanal inhibitory 

reflex) and secondary reflex contraction of the external sphincter to prevent incontinence.
 � Discrimination between solid or liquid stool and gas is allowed by exposure of the sensory receptor–rich anal 

transitional zone to the rectal contents. The rectoanal inhibitory reflex is therefore known as the “sampling reflex” 
and is of paramount importance in social behavior.

 � If socially convenient, defecation can be attempted by adopting a sitting position. Flexion of the hips relaxes the 
pelvic floor and facilitates the passage of stools by opening the anorectal angle.

 � Straining is performed by contracting the diaphragm and abdominal wall (Valsalva maneuver). It increases the 
intra-abdominal and intrarectal pressures. Contraction of the rectal wall also participates in this pressure increase. 
Meanwhile, the anal sphincters and puborectalis muscle relax. Tightening of iliococcygeus muscles stabilizes the 
levator plate to counterbalance the intra-abdominal push. Inversion of the pressure gradient between the rectum 
and the anal canal allows stool evacuation
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�Appendix 2 Flow Chart: How to Manage a Defecation Disorder
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Rectal Prolapse, Intussusception, 
Solitary Rectal Ulcer

André D’Hoore

12.1	 �Introduction

Rectal prolapse is an uncommon but disabling 
condition that requires surgical correction not 
only to treat related symptoms but to prevent pro-
gressive anal sphincter damage. In total rectal 
prolapse the rectum protrudes through the anal 
opening. With time, manual reduction may be 
required. Mucous discharge and frank fecal soil-
ing are common.

Considerable controversy remains regarding 
the most appropriate surgical technique. Surgery 
aims to correct anatomy and should result in 
improved anorectal function without postopera-
tive functional sequelae. In Europe, laparoscopic 
ventral mesh rectopexy has gained widespread 
acceptance, but the type of mesh used (synthetic 
vs. biological) is a timely debate.

Rectal intussusception, also referred at as 
internal rectal prolapse, is a common finding on 
defecograpy. Deep intussusception (into the anal 
canal) can lead to fecal incontinence and has 
been linked to obstructed defecation (OD). The 
need for surgery in rectal intussusception 
remains highly controversial, especially in the 
setting of OD.

Solitary rectal ulcer is a benign condition. 
Lesions, with mild proctitis surrounding them, 
are situated on the anterolateral side of the rec-
tum, usually located 4–8 cm from the anal verge. 
Mucosal trauma and related ischemia are gener-
ally accepted as cause of solitary rectal ulcer. It is 
important to evoke this diagnosis because soli-
tary rectal ulcer may be confused both clinically 
and histologically with carcinoma of the rectum.

12.2	 �Total Rectal Prolapse

Rectal prolapse is defined as a full-thickness rec-
tal intussusception protruding through the anus. 
Using cinedefecography, Broden and Snellman 
[1] were able to demonstrate that rectal prolapse 
is an intussusception rather than a sliding hernia 
through a pelvic fascia defect (Moschcowitz [2]).

12.2.1	 �Epidemiology

Rectal prolapse is predominantly a female pathol-
ogy (sex ratio, 10:1) and the finding of two ages 
at which peak incidence occurs may well reflect 
the underlying pathophysiology. In the younger 
group of patients, a history of obstructed defeca-
tion and prolonged straining seems to precede 
rectal prolapse. In aged patients, rectal prolapse 
is often part of a more complex pelvic organ pro-
lapse related to a weakened pelvic floor 
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(Fig. 12.1). Childbearing certainly can contribute 
to the development of pelvic floor laxity; however, 
half of women with rectal prolapse are 
nulliparous.

In males the condition is unrelated to age. 
There is a variable association with psychiatric 
illness [3].

12.2.2	 �Clinics

Symptoms include the sensation of a lump protrud-
ing during defecation. Either spontaneous reduction 
occurs at the end of straining, or there is the need to 
manually reposition the prolapsed rectum.

Mucous discharge and soiling are common. 
Anal bleeding with tenesmus and pain could 
reveal a solitary rectal ulcer.

Symptoms related to anorectal dysfunction 
are common and differ: constipation (obstructed 
defection), predominant in younger patients, and 
fecal incontinence, occurring most often in aged 
patients. Some degree of fecal incontinence is 
noted in about 60–80 % of patients. The develop-
ment of fecal incontinence in rectal prolapse is 
multifactorial: mechanical stretch of the sphinc-
ters, pudendal neuropathy, repetitive stimulation 
of the rectoanal inhibitory reflex, and impaired 

rectoanal motility all result in a low resting anal 
pressure [4].

Constipation is present preoperatively in up to 
60 % of patients. Most patients have a pattern of 
obstructed defecation. Slow-transit colonic con-
stipation is rarely seen in this clinical setting [5].

Rectal prolapse should be differentiated from 
mucosal anal prolapse, anterior mucosal pro-
lapse, and prolapsing hemorrhoids (Fig. 12.2). A 
solitary rectal ulcer, especially the exophytic pol-
ypoid type should be differentiated from a rectal 
adenocarcinoma.

A complete examination of the pelvic floor should 
be performed to assess the presence of a descent of 
the middle and/or anterior pelvic compartment. A 
pathologic descent of the pelvic floor (descending 
perineum syndrome) should be noted, as this can 
contribute to persistent postoperative dysfunction.

If the prolapse is not visible during the clinical 
examination, the patient should be asked to sit on a 
commode and bear down to reproduce the prolapse.

12.2.3	 �Technical Investigations

In general, flexible endoscopy is advisable to 
exclude a neoplasm or a lead point lesion as a 
cause of the prolapse. A finding of extensive 

Fig. 12.1  External rectal prolapse and uterine prolapse 
upon straining

Fig. 12.2  Differential diagnosis: circular mucosal 
prolapse
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diverticular disease also could influence the type 
of surgery.

Isolated erythema or ulceration of the antero-
lateral rectal wall is the cardinal feature of soli-
tary rectal ulcer syndrome, and biopsy can reveal 
a typical histology with fibrous obliteration of the 
lamina propria.

Although clinically evident, colpo-cysto-
defecography or dynamic magnetic resonance 
imaging of the rectum can provide additional 
information on the extent of prolapse of other 
pelvic compartments. This could be helpful in 
tailoring the surgical approach. Anorectal 
manometry has added value only in the setting of 
clinical research.

A radiopaque marker study is appropriate in 
patients with a history suggesting slow-transit 
constipation. It should be noted that nearly one-
third of the patients with outlet delay constipa-
tion present with delayed overall large-bowel 
transit [6].

12.2.4	 �Surgical Repair

The aim of surgical treatment is to correct the 
prolapse, restore continence, and prevent postop-
erative constipation. Some anatomic features are 
constant findings and reflect the rationale for 
some of the surgical approaches: full-thickness 
intussusception, a deep pouch of Douglas, defec-
tive fixation of the rectum to the sacrum, a redun-
dant sigmoid colon, and a weakened pelvic floor 
and anal sphincter muscles.

A large number of operations for rectal pro-
lapse have been described, reflecting their defec-
tiveness. No particular scientific reason seems to 

explain the popularity of a specific approach, and 
the surgeon’s choice is mostly based on anecdotal 
and/or personal experiences.

These operations can be categorized as either 
abdominal or perineal. Table  12.1 provides an 
overview of techniques that have been used.

Based on a Cochrane Database systematic 
review, abdominal approaches seem to result in a 
reduced prolapse recurrence rate. Residual incon-
tinence is less frequent after abdominal 
approaches. Postoperative constipation, on the 
other hand, seems to be linked to mesh rectopexy, 
especially when lateral ligament ligation (exten-
sive rectal mobilization) is performed. Bowel 
resection during rectopexy was associated with 
lower rates of postoperative constipation. 
Nevertheless, the limited number of relevant tri-
als, their small sample sizes, and other method-
ological weaknesses severely limit their 
usefulness for guiding practice [8].

It seems appropriate that surgeons master a 
perineal as well as an abdominal technique. All 
abdominal procedures should be performed lapa-
roscopically, which can result in shorter hospital 
stays and lower costs [9].

Laparoscopic ventral mesh rectopexy has 
gained wide spread acceptance in Europe and has 
become the procedure of choice fit patients 
requiring prolapse repair.

12.2.4.1  Perineal Approaches
Perineal approaches are generally reserved for 
patients who are too frail to withstand an abdomi-
nal approach or general anesthesia. Perineal pro-
cedures can be performed under regional 
anesthesia (a spinal or sacral block) and in the 
lateral decubitus position.

Table 12.1  Defecographic grading of a prolapse

Grade I Grade II Grade III

Rectocele <2 cm 2–4 cm >4 cm
Enterocele Proximal one-third of the 

vagina
Middle one-third Lower one-third

Intussusception Above puborectal At puborectal In the anal canal
Sigmoidocele [7] Above the pubococcygeal 

line
At the pubococcygeal line Below the pubococcygeal 

line
Descending perineum >4 cm Descent upon 

straining

12  Rectal Prolapse, Intussusception, Solitary Rectal Ulcer



138

Delorme Mucosectomy [10]
This technique was described in 1900 by the 
French military surgeon Edmond Delorme. It 
involves stripping the mucosa of the prolapsed 
rectum (sparing the muscular tube). A circular 
incision starts about 1 cm cephalad to the dentate 
line (to safeguard the internal anal sphincter). 
The submucosa is infiltrated with a diluted adren-
aline solution, which facilitates the dissection. 
By placing interrupted sutures around the cir-
cumference, the muscle layer is plicated; this 
reduces the prolapse above the anal canal. The 
mucosal sleeve covers the plication and is anasto-
mosed to the anal canal (Fig. 12.3).

This technique is better adapted to treat 
smaller rectal prolapses. A modified technique 
has been proposed, adding a postanal repair to 
reduce the enlarged hiatus [11].

Perineal Rectosigmoidectomy (Altemeier 
Procedure) [12, 13]
In contrast to the Delorme procedure, a full-
thickness resection of the prolapse is performed 
(rectum, rectosigmoid) with a coloanal anasto-
mosis (Fig. 12.4). The prolapse is everted and a 
full-thickness incision is performed 1.5  cm 
above the dentate line.

Opening the pelvic pouch allows the surgeon 
to palpate in order to determine whether a redun-

dant loop of sigmoid colon should be resected. 
All mesenterial vessels should be ligated with 
care. The colon should reach the line of anasto-
mosis without any tension. Septic complications 
and suture-line dehiscence are rare, probably 
because of the weakness of the remaining 
sphincter.

Outcomes of Perineal Procedures
	1.	  Recurrence

Recurrence rates after Delorme mucosectomy 
vary from 4 % to 38 %; these values certainly 
reflect the duration of follow-up and patient 
selection. In a large series of 101 primary pro-
cedures, Watts and Thompson [14] showed 
that a cumulative recurrence rate of about 40 % 
at 5 years can be expected. An even higher 
incidence of recurrence (60 % at 2 years) was 
recorded for repeat Delorme procedures.
The incidence of recurrence rates after the 
Altemeier procedure is lower and varies 
between 0 % and 15 %. Recurrence probably 
reflects inadequate resection [15].

	2.	  Functional Outcome
Perineal procedures have yielded poor func-
tional outcomes with respect to fecal inconti-
nence and urgency. The resection or plication 
of the rectal reservoir (in a situation of already-
reduced sphincter function) further jeopar-
dizes fecal continence [16]. Recovery of fecal 
continence is unpredictable.
–– Perineal colonic pouch

To overcome this problem, Yoshioka et al. 
[17] suggested constructing a colonic 
J-pouch of the peranaly mobilized sigmoid.

–– Additional levatorplasty
In addition to the classical Altemeier proce-
dure, posterior or anterior buttressing has 
been proposed. The muscular edges of the 
puborectal muscle can be identified, allow-
ing either a posterior or anterior levator-
plasty to be performed using nonabsorbable 
sutures. This reduces the hiatus (postanal 
repair). In an interesting study, Agachan 
et al. [18] demonstrated that after perineal 
rectosigmoidectomy with levatorplasty not 
only were incontinence scores improved, 
recurrence was also reduced.

Fig. 12.3  Schematic representation of a Delorme muco-
sectomy and rectal muscle wall plication (From Mann CV, 
Glass RE, Surgical Treatment of Anal Incontinence, 2nd 
edition. London: Springer-Verlag; 1997)
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Choice of Perineal Operation
Perineal procedures are indicated in frail, old 
patients with extensive morbidity. Smaller pro-
lapses can be treated by Delorme mucosectomy. 
In larger prolapses, a perineal resection with dor-
sal levatorplasty is advisable. In the rare scenario 
of an incarcerated and gangrenous rectal pro-
lapse, a perineal resection is indicated; abdomi-
nal rectopexy cannot be performed.

In young, healthy, male patients the use of a 
Delorme procedure is certainly worth consider-
ing because it avoids the risk for pelvic auto-
nomic nerve injury.

12.2.4.2  Abdominal Approaches
Preservation of the rectal ampulla is important to 
allow recovery of fecal continence. Most abdom-
inal suspension techniques rely on the same sur-

gical principle: mobilization of the rectum, 
reduction of the prolapse, and fixation of the ele-
vated rectum to the sacrum. Fixation can be per-
formed using either sutures or mesh. The mesh 
can be placed in different positions, and the type 
of mesh can vary (synthetic vs. biological). A 
resection of a redundant sigmoid colon can be 
added.

Suture Rectopexy
This technique was first described by Cutait [19] 
in 1959. Nonresorbable sutures are used to fix the 
mesorectum of the elevated rectum to the presa-
cral fascia and sacral promontory.

Suture Rectopexy with Sigmoid Resection
This procedure is also referred to as the 
“Frykman-Goldberg procedure” [20] and is still 

Fig. 12.4  Intraoperative steps of the Altemeier procedure
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very popular in the United States. The procedure 
was initially intended to reduce the recurrence 
rates of suture rectopexy by resecting the redun-
dant sigmoid colon. It significantly reduces the 
incidence of postoperative constipation, but add-
ing a resection potentially increases the risk for 
complications.

Posterior Mesh Rectopexy
In the original Wells procedure [21], a polyvinyl 
alcohol sponge (Ivalon) was inserted posterior to 
the mobilized mesorectum to stimulate inflam-
matory adhesion-fixation of the bowel to the pre-
sacral fascia. Later the same procedure was 
performed using polypropylene or Teflon mesh 
(Fig. 12.5).

Anterior Sling Rectopexy
In the Ripstein procedure [22], an anterior 
sling of fascia lata or synthetic material is 
positioned in front of the rectum and sutured 
to the sacral promontory. To overcome the risk 
of bowel obstruction, a modified technique 
(McMahan-Ripstein) [23] includes a posterior 

fixation of the mesh to the presacral fascia; the 
lateral mesh is anteriorly sutured to the rec-
tum, deliberately leaving an anterior gap 
(Fig. 12.5).

Lateral Mesh Rectopexy
In the so-called Orr-Loygue procedure [24, 25], 
lateral fixation (using either fascia lata strips or 
synthetic material) between the elevated rectum 
and the sacral promontory at both sides of the 
rectum is performed. This is done after full mobi-
lization of the rectum.

Laparoscopic Ventral Mesh Rectopexy 
(or Rectocolpopexy)
Laparoscopic ventral mesh rectopexy (LVR) 
was first described by D’Hoore and Penninckx 
[26]. The laparoscopic dissection is limited to 
the anterior aspect of the rectum (rectovaginal 
septum), avoiding the risk of autonomic nerve 
damage. A synthetic mesh is sutured to the ante-
rior aspect of the rectum to avoid further intus-
susception and fixed to the sacral promontory. If 
the uterosacral ligaments are lax, they can be 

a b

Fig. 12.5  Classical mesh rectopexy: Wells procedure (a). Ripstein procedure (b) (From Mann CV, Glass RE, Surgical 
Treatment of Anal Incontinence, 2nd edition. London: Springer-Verlag; 1997)
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hooked to the same mesh. Any descent of the 
vaginal vault can be restored by performing a 
colpopexy using the same mesh. The perito-
neum is closed over the synthetic mesh to ele-
vate the neo-Douglas and to avoid further 
adhesion to the mesh. The unique position of the 
mesh further reinforces the rectovaginal sep-
tum. It therefore can be used in the presence of 
a complex rectocele (Fig. 12.6).

The same procedure can be performed in 
male patients. Dissection is limited to the level 
of the seminal vesicles, and no attempt is made 
to dissect posterior to the prostate. Care should 
be taken to avoid any damage to the hypogastric 
nerve at the site of the sacral promontory.

Outcome of Classical Rectopexy
	1.	  Recurrence

Any abdominal procedure that involves exten-
sive rectal mobilization and fixation seems to 
be more effective than perineal procedures. 

Recurrence rates in most series vary between 
0 % and 5 % [27, 28].

	2.	  Functional Outcome
Certainly, abdominal rectopexy provides a 
patient the best chances of maintaining or 
regaining fecal continence. Unfortunately, 
postoperative constipation is a significant 
problem and has consistently been reported to 
occur in up to half of patients [29].
Different mechanisms can contribute to this 
phenomenon (mesh obstruction, rectal wall 
fibrosis). Autonomic nerve damage second-
ary to full mobilization of the rectum may 
result in disturbed rectosigmoid motility 
[30–33].

Outcome of LVR
Based on the safety of the technique (conversion 
to laparotomy rate of 2.9 %), a low long-term 
recurrence rate, and favorable long-term func-
tional outcomes (low de novo constipation), 

Fig. 12.6  Laparoscopic 
ventral mesh recto(colpo)
pexy
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LVR emerges as an efficient procedure for the 
treatment of patients with total rectal prolapse. 
It has gained wide acceptance as the procedure 
of choice in Europe.

12.3	 �Choice of Abdominal 
Operation

Laparoscopic ventral recto(colpo)pexy has 
become the procedure of choice to treat most 
patients with rectal prolapse. Resection recto-
pexy (Frykman-Goldberg) can be of interest in 
those patients with extensive diverticular 
disease.

Despite using a nonresorbabale synthetic 
mesh, in a pooled analysis of two series (919 
patients), D’Hoore et al. reported a septic com-
plication rate of 2.3 % at a median follow-up of 
44 months. More data are needed to be able to 
compare outcomes after LVR using either a syn-
thetic or biological mesh.

12.4	 �Internal Rectal Prolapse 
and Solitary Rectal Ulcer 
Syndrome 

Controversy over the significance of internal pro-
lapse and the role of surgical correction is ongo-
ing [34].

Rectal intussusception or internal rectal pro-
lapse is a common finding on evacuation proc-

tography in normal volunteers. A limited degree 
of intussusception may occur during defecation 
as a mechanism of rectal emptying [35].

By contrast, a circumferential full-thickness 
intussusception into the anal canal (grade III 
internal prolapse; (Fig. 12.7) can be the cause of 
obstructed defecation (incomplete evacuation, 
excessive strain, sensation of anorectal block-
age), incontinence, and mucous discharge [36]. 
Trauma at the site of the intussusception may 
lead to a rectal ulcer (solitary rectal ulcer syn-
drome [SRUS]), causing anal pain and bleeding 
[37]. Internal prolapse and anismus contribute to 
the development of SRUS.

There also remains debate over the concept of 
rectal intussusception as a precursor of total rec-
tal prolapse [38]. This was recently challenged 
by Collinson et  al. [39], who showed a slow 
chronological progression along the spectrum 
from internal to external prolapse over a time 
frame of 10–15 years.

12.4.1	 �Technical Investigations

Patients with a defecatory dysfunction (obstructed 
defecation,) deserve a thorough evaluation that 
includes the following:

	1.	 Scoring of anorectal dysfunction using vali-
dated questionnaires and scores

	2.	 Dynamic imaging (colpo-cysto-defecography 
or magnetic resonance defecography)

Fig. 12.7  Grade III rectal intussusception seen on an evacuation proctogram (progressive strain)
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	3.	 Extensive anorectal manometry, including 
defecometry to distinguish different forms of 
dyssynergia [40]

	4.	 Neurologic investigation if necessary
	5.	 Rectoscopy with biopsy (for suspected SRUS)

12.4.2	 �Treatment

In spite of the well-defined anatomic deficit, con-
servative treatment is indicated as a first-line 
therapy for most patients.

For clinicians, it is almost impossible to judge 
the relative impact of the anatomic defect and the 
common anorectal dysfunction causing a 
patient’s symptoms.

	1.	 Conservative dietary therapy (a high-fiber 
diet) with biofeedback (certainly in the case of 
documented anismus or dyssynergia) is the 
mainstay of treatment [41]. Topical treatment 
often fails to heal rectal ulcers.

	2.	 Surgery can be considered in patients who fail 
optimized conservative therapy. “Prophylactic” 
surgery seems to be inappropriate in view of 
actual data regarding the natural history of the 
condition.
–– Endoanal Delorme

Berman et al. [42] reported successful results 
after an endoanal Delorme procedure for 
rectal intussusception. However, technical 
difficulties have limited its implementation.

–– Classical mesh rectopexy
As mentioned above, classical posterior 
rectopexy results in constipation in about 
half of patients and therefore is considered 
an ineffective treatment for internal rectal 
prolapse [43].

–– Laparoscopic ventral recto(colpo)pexy
After LVR for total rectal prolapse, a sig-
nificant improvement in symptoms of 

obstructed defecation is noted in about 
80 % of patients. The Oxford group exten-
sively investigated the role of LVR in 
patients with internal prolapse:

	1.	 Wijffels et al. [44] pointed to fecal inconti-
nence as a frequent symptom of high-grade 
internal prolapse.

	2.	 Patients with internal rectal prolapse and 
fecal incontinence benefit from LVR as 
much as patients with external rectal pro-
lapse [45]

	3.	 Sacral nerve stimulation does not perform 
as well in patients with internal prolapse 
and fecal incontinence; therefore LVR 
should be performed first [46].

	4.	 The same results for relief of complaints of 
obstructed defecation have been reported 
in patients with external and internal rectal 
prolapses [47].

There remains debate over the exact role of 
LVR in patients with internal prolapse and 
anorectal dysfunction, especially those with 
long-standing obstructed defecation.
Table  12.2 summarizes outcome data after 
LVR for external and internal rectal prolapse 
repair.

–– Stapled transanal rectal resection procedure
This technique consists of a stapled transanal 
rectal resection (STARR), which allows resec-
tion of a rectal intussusception correction of a 
rectocele [48]. This technique certainly is less 
invasive than laparoscopic procedures and can 
eventually be performed in a day-case setting. 
Promising results have been reported [49, 50]; 
however, severe complications can occasion-
ally occur, and the technique may induce or 
worsen symptoms of fecal urge and urge 
incontinence [51]. A modified STARR was 
recently developed using a new dedicated 
device, the CCS-30 Transtar (Ethicon-
Endosurgery) [52].
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�Conclusion

The emergence of laparoscopic ventral recto-
pexy and STARR led to a reappraisal of the 
role of surgery in the treatment of patients 
with internal rectal prolapse. Nevertheless, 
extensive clinical and technical evaluations of 
a patient is necessary to obtain a successful 
outcome. There certainly is a lack of prospec-
tive and prospective randomized data to allow 
definitive conclusions.
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Irritable Bowel Syndrome

Heiner Krammer, Franka Neumer, 
and Laura Gruner

Irritable bowel syndrome (IBS) is characterized 
by chronic abdominal symptoms and irregular 
bowel movements without any cause that can be 
revealed by routine diagnostic assessment. The 
pathophysiology of IBS has recently come to be 
better understood, and new therapeutic 
approaches have been developed. These advances 
were considered and assessed regarding their rel-
evance to clinical practice in the framework of an 
interdisciplinary S3 guideline [8].

13.1	 �Definition

Irritable bowel syndrome (IBS) is present when 
all three of the following criteria are fulfilled:

•	 The patient has chronic symptoms, that is, 
symptoms lasting longer than 3 months (e.g., 
abdominal pain, bloating), that are ascribed by 
both the patient and the physician to the gut, 

and that are usually accompanied by an altered 
bowel habit.

•	 The symptoms are why the patient consulted 
the physician for help and/or is worried, and 
are so strong that they significantly impair the 
patient’s quality of life.

•	 It is a precondition that no changes are present 
that are characteristic of other diseases that are 
likely to be the cause of the symptoms.

This new definition thus differs from all its 
predecessors. Manning and colleagues were the 
first to propose key symptoms (“Manning crite-
ria”) [11] to help in the diagnosis of IBS.  The 
Rome I, II, and III criteria are the results of multi-
national consensus workshops. The Rome classi-
fication system characterizes IBS in terms of 
multiple physiological determinants contributing 
to a common set of symptoms rather than a single 
disease entity. Table 13.1 lists the symptom-based 
criteria that have been established to date for the 
diagnosis of IBS.

IBS-related symptoms overlap with those of 
other diseases. Experienced clinicians often diag-
nose these disorders on symptoms alone, but 
because functional disorders are much more com-
mon than organic diseases, any diagnostic strat-
egy is likely to have a deceptively high positive 
predictive value.
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Table 13.1  Symptom-based criteria established to date for the diagnosis of irritable bowel syndrome

Manning 
criteria

Pain relieved by defecation
More frequent stools at the onset of pain
Looser stools at the onset of pain
Visible abdominal distension
Passage of mucus
Feeling of incomplete evacuation

Rome I 
criteria

Abdominal pain or discomfort for at least 3 months with at least one of the following symptoms:
 � Relief upon defecation
 � Association with a change in the frequency of stools
Associated with a change in the form of stools and two more of the following symptoms:
 � Altered stool frequency and/or form, altered stool passage
 � Passage of mucus
 � Bloating or abdominal distension

Rome II 
criteria

At least 12 weeks (not necessarily consecutive) in the preceding 12 months of abdominal discomfort 
or pain that has two of three features:

 � Relieved with defecation
 � Onset associated with a change in the frequency of stool
 � Onset associated with a change in the form (appearance) of stool
Symptoms that cumulatively support the diagnosis of IBS:

 � Abnormal stool frequency
 � Abnormal stool passage (straining, urgency, or feeling of incomplete evacuation)
 � Passage of mucus
 � Bloating or feeling of abdominal distension

Rome III 
criteria

Diagnostic criteriaa for IBS: recurrent abdominal pain or discomfortb at least 3 days per month in the 
past 3 months associated with two or more of the following:
 � 1. Improvement with defecation
 � 2. Onset associated with a change in the frequency of stool
 � 3. Onset associated with a change in the form (appearance) of stool
Subtyping IBS by predominant stool pattern:

 � 1. �IBS with constipation (IBS-C): hard or lumpy stools ≥25 % and loose (mushy) or watery stools 
<25 % of bowel movements

 � 2. �IBS with diarrhea (IBS-D): loose (mushy) or watery stools ≥25 % and hard or lumpy stools 
<25 % of bowel movements

 � 3. �Mixed IBS (IBS-M): hard or lumpy stools ≥25 % and loose (mushy) or watery stools ≥25 % of 
bowel movements

 � 4. �Unsubtyped IBS: insufficient abnormality of stool consistency to meet criteria for IBS-C, -D, or 
-M

aCriteria fulfilled for the past 3 months, with symptom onset at least 6 months before diagnosis
bDiscomfort means an uncomfortable sensation not described as pain. In pathophysiology research and clinical trials, a 
pain/discomfort frequency at least 2 days a week during screening evaluation is required for subject eligibility

13.2	 �Epidemiology

IBS is one of the most common disorders seen in 
gastrointestinal clinical practice. The overall 
prevalence is similar (10–20 %) in most industri-
alized countries. These findings reflect the tre-
mendous impact of IBS on social costs related to 
health care use, drug consumption, and absences 

from work. The exact prevalence of IBS is poorly 
defined, probably because of the different defini-
tions and clinical criteria used to define the 
syndrome.

This certainly underestimates the real preva-
lence of IBS, as only one in three patients seeks 
treatment. Those who do consult a doctor report 
more severe symptoms and an increased level of 
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psychological disturbance (anxiety, depression, 
and sleep disturbance) than those who do not.

IBS is commonly believed to be a female-
predominant disease. IBS symptoms are at least 
twice as common in women as in men. The rea-
sons why women seem to be more prone to IBS 
than men are unknown, although health-seeking 
behavior and other factors may play a role in this 
gender difference. The first presentation of 
patients to a physician often occurs between the 
ages of 30 and 50 years, and reporting frequency 
decreases among older people.

13.3	 �Etiology/Pathophysiology

Since the mid 1990s, significant advances have 
been made in the understanding of the pathophysi-
ology of IBS. However, interactions/interrelation-
ships between causal and secondary alterations are 
unclear. For many patients the most consistent, 
and probably interrelated, characteristics are:

•	 Altered intestinal motility
•	 Visceral hypersensitivity
•	 Bowel dysfunction after infection (altered 

intestinal microbiota)
•	 Dietary factors
•	 Stress and psychological comorbidity

13.3.1	 �Altered Motility

Abnormal small-intestinal and colonic motility 
has been demonstrated in patients with IBS, and 
in some patients it has been shown to correlate 
with symptoms. Abnormalities of intestinal 
motility may lead not only to the onset of pain but 
also to bloating and, if the abdominal motility 
results in changes in intestinal transit, constipa-
tion and diarrhea.

13.3.2	 �Visceral Hypersensitivity

Patients with functional bowel diseases exhibit 
decreased tolerance of pain upon balloon disten-
sion of the gut. This was first described in the 

rectum of patients with IBS almost 30 years ago 
and was subsequently confirmed by others. It is 
often also noted with air insufflation during colo-
noscopy. This phenomenon is referred to as vis-
ceral hyperalgesia. Explanations for this include 
an alteration of the sensitivity of sensory recep-
tors through the recruitment of nociceptors in 
response to infection, intraluminal factors, isch-
emia, distension, and psychiatric factors. The 
neurons in the dorsal horn of spinal cord may 
experience increase excitability, and centrally 
there may be differences in the way the brain 
modulates afferent signals from the dorsal horn 
neurons through ascending pathways.

13.3.3	 �Gastrointestinal Infection 
(Altered Intestinal Microbiota)

There is an increased risk of patients developing 
IBS symptoms following an episode of gastroin-
testinal infection. It was shown that approxi-
mately one-third of patients hospitalized for 
infectious diarrhea had developed new IBS 
[13]. In most cases, persistent bowel dysfunction 
was noted in patients following documented 
Campylobacter, Shigella, and Salmonella gastro-
enteritis. Factors predisposing patients to persist-
ing symptoms are the severity and duration of 
diarrhea, anxiety, depression, and somatization, 
as well as adverse life events. Mechanisms under-
lying IBS after infection are unclear, but immu-
nological abnormalities at the intestinal level 
have been demonstrated in these patients, as has 
increased mucosal T lymphocytes and serotonin-
producing enteroendocrine cells. Also, response 
to a pathogen is undoubtedly influenced by 
genetic factors that in turn influence immune 
response.

13.3.4	 �Dietary Factors

Many patients with IBS believe that their symp-
toms are related to food, and some have consid-
erably restricted their diet by the time they 
consult a physician. The gut has an extensive 
immune system, but the current understanding 
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of how food antigens are processed in health 
and disease is limited. At present, no clinically 
useful marker is available to test for food hyper-
sensitivity in IBS. Researchers have used both 
skin tests and serum immunoglobulins (IgG and 
IgE) as markers of food hypersensitivity in vari-
ous disorders, including IBS, but published data 
are equivocal. Moreover, many unscrupulous 
practitioners benefit from the confusion, leading 
patients to more and more restricted and illogi-
cal diets.

The role of sugar malabsorption in the patho-
genesis of IBS is still a debated problem. 
Demographic data show that the prevalence of 
sugar malabsorption among patients with IBS is 
similar to that found in controls. Symptoms such 
as diarrhea and bloating, can typically be repro-
duced by lactose intake and reduced once lactose 
is excluded from the diet. Lactose malabsorption 
may coexist with IBS.  Nevertheless, a lactose-
free diet is effective in improving symptoms in 
only about 10 % of patients with IBS.

True food allergy is much less common. It is 
usually not difficult to recognize whether food 
ingestion is associated with urticaria, asthma, 
eczema, angioedema, and rhinorrhea because of 
the high incidence of positive skin-prick or high 
radioallergosorbant scores. Such patients see an 
allergist rather than a gastroenterologist and are 
not usually thought to have IBS.

13.3.5	 �Stress and Psychological 
Comorbidity

Psychological observations have shown that psy-
chological symptoms of anxiety and depression 
are more common among patients with IBS than 
among either healthy volunteers or patients with 
organic gastrointestinal diseases. More than 50 % 
of patients linked the onset of their symptoms to 
a stressful event such as employment difficulties, 
a death in the family, a surgical procedure, or 
marital stress. Clinicians agree that stress can 
cause symptoms of IBS, but it cannot be consid-
ered the only cause. The magnitude of psycho-
logical stress also correlates with symptomatic 
outcomes.

13.4	 �Symptoms

•	 Patients with IBS suffer from various gastro-
enterological symptoms. These include recur-
rent abdominal pain, altered bowel function, 
bloating, abdominal distension, a sensation of 
incomplete evacuation, and the increased pas-
sage of mucus (Table 13.1).

•	 In addition, several nongastroenterological 
symptoms are more frequent in patients with 
IBS, such as lethargy, poor sleep, fibromyalgia, 
backache, urinary frequency, and dyspareunia.

•	 Anxiety, depression, and somatization are fre-
quent but do not reliably discriminate between 
IBS and other gastrointestinal diseases.

•	 Functional diseases such as IBS usually inter-
fere with patients’ comfort and their daily 
activities.

•	 On the other hand, IBS is a benign disorder, 
and there are no long-term organic complica-
tions such as cancer or colitis.

13.5	 �Diagnosis

The focus during diagnosis is on a careful history 
and the physical examination, supplemented by 
basic laboratory testing, abdominal ultrasound, 
and, in women, gynecological examination. After 
these have been performed, if results are normal, 
treatment may be started on a trial basis, even 
without a confirmed diagnosis (see section 
13.5.2). This should be decided on an individual 
basis and is justified particularly in patients with 
mild, nonprogressive symptoms, but it does not 
allow a diagnosis of IBS to be made.

In patients with chronic diarrhea as an impor-
tant symptom, a detailed diagnostic workup, 
including pathogen identification in the stool, 
and endoscopic and functional diagnostic exami-
nations (with staged biopsies) are indicated. 
Confirmation of IBS in an adult requires an 
ileocolonoscopy.

The diagnostic procedure should be supple-
mented on an case-by-case basis by endoscopic, 
imaging, functional diagnostic, and, if relevant, 
other procedures to rule out other candidate diag-
noses that can cause symptoms typical of 
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IBS. The criteria for this are the intensity and pat-
tern of symptoms, the patient’s age, the duration 
of symptoms, symptom dynamics, and a psycho-
logical assessment of the patient.

•	 IBS is basically a clinical diagnosis. Careful 
history-taking to record and classify the com-
plex of symptoms is the key. A diagnosis of 
IBS is based on the identification of symptoms 
consistent with the syndrome (Table 13.1).

•	 The first step is a careful assessment of the 
patient’s symptoms. Patients should be care-
fully interviewed. Ideally, no time limitation 
should exist because patients need to think 
about the diagnosis.

•	 Second, IBS is diagnosed after excluding struc-
tural or biochemical abnormalities that could 
indicate organic or other functional disorders.

Once a reliable initial diagnosis has been 
made, no repeat diagnostic procedure should be 
undertaken unless new aspects occur.

13.5.1	 �Physical Examination

•	 A physical examination should be performed 
during the first and as needed during any sub-
sequent visits to exclude findings not consis-
tent with IBS and to meet patients’ expectations 
of a thorough evaluation.

•	 A pelvic examination is often indicated for lower 
abdominal/pelvic symptoms and/or if there is a 
change in menstrual pattern (in women).

•	 A rectal examination, particularly for patients 
reporting symptoms of incontinence and con-
stipation, can help to identify a lax sphincter or 
paradoxical pelvic floor muscle contraction.

13.5.2	 �Investigation and Tests

•	 These tests include:
–– Complete blood cell count and sedimenta-

tion rate
–– Serum chemistry
–– Thyroid-stimulating hormone
–– Stool hemoculture

•	 Additional tests are performed depending on 
the age of the patient and the predominant 
clinical picture.

•	 Abdominal ultrasound contributes little in the 
evaluation of patients with suspected IBS.

•	 Colonoscopy is recommended for patients over 
the age of 50 because of the high pretest prob-
ability of colon cancer. In younger patients, the 
need to perform a colonoscopy or sigmoidos-
copy is determined by clinical features sugges-
tive of disease and may not be indicated.

Pain-Predominant Symptoms

•	 The persistence of pain often indicates additional 
imaging studies (e.g., computed tomography).

Constipation-Predominant Symptoms

•	 In patients with infrequent bowel move-
ments, measurement of the whole-gut transit 
time may be indicated to differentiate 
between IBS and slow-transit constipation or 
outlet obstruction.

•	 When symptoms of dyschesia or incomplete 
evacuation are prominent, suggesting obstruction 
to defecation, defecography is recommended.

Diarrhea-Predominant Symptoms

•	 If diarrhea is persistent, a stool sample should 
be examined for pathological bacteria, ova, 
and parasites.

•	 Exocrine pancreas insufficiency should be 
excluded.

•	 Small-bowel biopsy and aspirate should be 
obtained to test for Giardia lamblia or sprue.

•	 A colonoscopy (possibly with ileoscopy) and 
multiple biopsies are necessary to exclude 
inflammatory bowel disease.

•	 Colonic biopsies can be considered to evalu-
ate for collagenous or microscopic colitis.

•	 A breath hydrogen test to exclude bacterial over-
growth is helpful, especially when postprandial 
symptoms of bloating accompany the diarrhea.
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•	 Lactose intolerance and other carbohydrate 
malabsorptions (e.g., fructose, sorbitol) are 
common causes of diarrhea.

•	 Rare causes of diarrhea include metabolic dis-
orders such as diabetes (as a result of auto-
nomic neuropathy and motility disorders), 
hormonal abnormalities (e.g., hyperthyroid-
ism), other causes of malabsorption (e.g., 
chronic pancreatitis), and endocrine tumors 
secreting serotonin, vasoactive intestinal poly-
peptide, or gastrin.

13.6	 �General Management 
and Therapy

Making a definitive diagnosis helps both doctor 
and patient by reassuring them that it is unlikely 
that another alternative diagnosis will emerge 
over the ensuing years. Establishing a relation-
ship of trust between physician and patient pro-
motes treatment success. Physicians should 
avoid comments such as “it is untreatable” or 
“you will learn to live with it” because these 
quite obviously may result in despondency. 
However, patients often appreciate a short tuto-
rial on the anatomy and physiology of the gut 
an being informed about the current theories of 
pathophysiology, such as motility and visceral 
sensitivity. Some information on the role of 
stress and psychological factors, if put in sim-
ple terms, is also recommended: for example, 
“stress can make symptoms worse but does not 
cause IBS.” Individual triggering factors should 
be identified and taken into account.

The measure of any treatment plan is how 
much symptoms improve and how well the 
patient tolerates it. All treatments are trial treat-
ments at first because it is impossible to predict 
the response to treatment in any particular case. 
This should be discussed with the patient 
beforehand.

Any treatment regimen that is successful can 
be continued, changed to a long-term or as-
needed regimen, or interrupted for a trial with-
drawal. If treatment success is inadequate, 

various drugs (and nondrug treatments) may be 
used in succession or in combination. Ineffective 
drugs should be terminated after 3 months at the 
most, after carefully weighing the risks and ben-
efits to the particular patient. In some cases, 
especially in patients with severe symptoms that 
are refractory to treatment, off-label therapies 
may be worthwhile – if current scientific knowl-
edge suggests there is a reason to expect rele-
vant therapeutic utility. The same applies to 
active substances that to date are only licensed 
or approved for use abroad, although in this 
case, consultation with a specialized center is 
advisable.

13.6.1	 �Lifestyle Advice

Lifestyle advice means a careful dietary and life-
style history to identify food fads or deficiencies, 
for example, and excess or lack of dietary fiber. 
Other common factors are lack of exercise and 
not allowing adequate and suitable time for regu-
lar defecation, which are particularly relevant to 
constipated patients with IBS. Patients should be 
instructed to keep a 2-week diary of symptoms, 
stressors, and dietary intake to identify any trig-
gering factors.

13.6.2	 �Dietary Factors

Food products have variously been reported as 
perpetuating or treating IBS.  For instance, 
patients may have excessively large intakes of 
indigestible carbohydrates, fruits, or caffeine, 
especially those who suffer from diarrhea and 
bloating. They may also benefit from a diet low 
in lactose and/or fructose. Constipated patients 
with low fiber intake should attempt a high-
fiber diet. However, there is growing evidence 
that bran can increase the symptoms of IBS, 
whereas soluble forms of fiber (e.g., ispaghula) 
tend to be more effective and have fewer 
adverse effects such as bloating. Exclusion 
diets may be useful in controlling symptoms in 
some patients.
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13.6.3	 �Psychological Comorbidities

To register the psychological comorbidities that 
are often present in patients with IBS, it is often 
enough to simply ask about anxiety disorders and 
depressive symptoms, and (carefully!) explore for 
a history of trauma and abuse. If appropriate, the 
patient should be referred for professional psychi-
atric/psychological/psychosomatic examination 
and/or care. Any signs of relevant psychosocial 
stress also indicate psychological diagnostic steps 
and possibly psychotherapy. At the same time, 
general medical care should be continued.

At the general and specialist medical level, 
basic psychotherapeutic intervention can often be 
carried out to favorable effect (e.g., using self-
help strategies). Pure relaxation therapies (e.g., 
autogenic training) should not be used as mono-
therapy but should be combined with other mea-
sures. Costly and time-consuming psychological 
techniques (gut-directed hypnosis, cognitive 
behavioral therapy, psychodynamic therapy) are 
effective and should be integrated into an interdis-
ciplinary therapy plan. Antidepressants may be 
indicated in the presence of psychological comor-
bidities (anxiety disorder, depression). Tricyclic 
antidepressants to treat the irritable bowel symp-
toms (diarrhea, pain; beware of constipation) 
should be given at doses lower than the usual; 
selective serotonin reuptake inhibitors in particu-
lar can also be given to patients with constipation-
dominant IBS.  However, irritable bowel 
symptoms seem not to respond to antidepressants 
in the absence of psychological comorbidities.

13.6.4	 �Targeted Symptom-Oriented 
Therapy

One of the most common problems facing clini-
cians treating patients with IBS is the lack of uni-
formity of symptoms. In the majority of cases, 
current pharmacological treatments have limited 
value. For those patients who require therapy for 
specific symptoms, however, the following treat-
ments have been proven effective (summarized in 
Table 13.2).

13.6.4.1  Abdominal Pain and Bloating

•	 For pain and bloating, antispasmodic medica-
tion should be considered. These drugs have 
differing modes of action, some exhibiting 
anti–smooth muscle activity (phytotherapeu-
tics; e.g., STW 5, mebeverine) and others anti-
cholinergic activity (e.g., butylscopolamine).

•	 The guanylate cyclase-C agonist linaclotide, 
which has been shown to be effective in pain- 
and constipation-dominant IBS, is available in 
the United States and some European countries.

•	 Antidepressants can be used off label for treat-
ing IBS because they not only treat underlying 
depression but also modify gut motility and 
alter visceral nerve responses. However, tricy-
clic antidepressants can intensify constipa-
tion. That is why patients with a predominant 
symptom of pain who also suffer from consti-
pation should be given selective serotonin 
reuptake inhibitors.

•	 Classical “analgesics” (e.g., acetylsalicylic 
acid, paracetamol/acetominophen, nonsteroi-
dal anti-inflammatory drugs) are generally 
unsuitable, as are opioids and opioid agonists. 
Topical antibiotic therapy (rifaximin) is not 
yet recommended in the guidelines.

•	 A number of trials of probiotics in IBS, though 
patient numbers as well as treatment periods 
are rather small.

Diarrhea

•	 Loperamide slows transit through the small 
and large intestines and reduces stool fre-
quency and urgency in patients with diarrhea-
predominant IBS.

•	 Cholestyramine may also be considered since 
about 10 % of patients with diarrhea-
predominant IBS show evidence of bile salt 
malabsorption.

•	 Fiber supplements such as ispaghula husks 
and psyllium may be helpful to increase stool 
consistency.

•	 It may also be worth trying phytotherapeutics 
(e.g., STW 5), spasmolytics (e.g., mebeverine, 
butylscopolamine, peppermint oil), or—
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especially where there is psychological 
comorbidity—tricyclic antidepressants. When 
symptoms are severe and refractory to treat-
ment, a selective 5-HT3 antagonist (e.g., alos-
etron) may be used, but only after carefully 
weighing the risks versus the benefits, because 
of its rare adverse effects (ischemic colitis, 
severe constipation).

Constipation

•	 Patients with IBS and constipation should 
try an increased intake of dietary fiber to 
increase stool weight and accelerate gut 
transit. In particular, psyllium and ispaghula 
husks are a useful alternative to wheat bran 
because they do not lead to meteorism and 
flatulence.

•	 The guanylate cyclase-C agonist linaclotide, 
which has been shown to be effective in pain- 
and constipation-dominant IBS, is available in 
the United States and some European countries.

•	 Probiotics such as Escherichia coli strain 
Nissle 1917, Lactobacillus casei strain 
Shirota, and Bifidobacterium animalis have 
been shown to increase stool frequency and 
soften stool consistency.

•	 Osmotic laxatives such as polyethylene glycol 
may be used.

•	 Stimulating laxatives such as bisocodyl or 
sodium picosulfate.

•	 In some cases lubiprostone, a chloride channel 
activator, may be tried, bearing in mind any 
contraindications and its restricted availability 
(it is licensed/approved for use in Switzerland 
and the United States).

The symptom-based therapy of IBS is summa-
rized in Fig. 13.1.

13.7	 �Prognosis

IBS is generally regarded as a chronic relapsing 
condition. There is no cure for IBS, but symp-
toms can be managed with dietary changes, stress 
reduction, and, if necessary, medication. 
Therefore, the prognosis is likely to be individu-
alized based on the patient’s optimism and a suc-
cessful management.

Previous abdominal surgery has a poor prog-
nostic implication in IBS.  Patients undergoing 
surgery are likely to be more symptomatic during 
the first postoperative year than are patients with-
out IBS. Underlying reasons involve a question-
able indication for the surgery and possible 
alterations in gut physiology following the 
procedure.

Table 13.2  Symptom-directed therapy for irritable bowel syndrome

Pain-predominant Antispasmodics (e.g., mebeverine, butylscopolamine)
Linaclotide
Herbal remedies (menthol, Iberis amara)
Antidepressants (amitriptyline, cave: constipation)
Selective serotonin reuptake inhibitors (fluoxetine)

Meteorism-predominant Polydimethylsiloxane (dimethicone)
Probiotics
Herbal remedies (I. amara)

Diarrhea-predominant Ispaghula husk, psyllium
Loperamide

Constipation-predominant Ispaghula husk, psyllium
Linaclotide
Probiotics
Herbal remedies (I. amara)
Osmotic laxatives (polyethylene glycol)
Stimulating laxatives (bisocodyl, sodium picosulfate)
CO2 laxatives (suppositories) to support evacuation
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Symptom-based Therapy of IBS
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Fig. 13.1  Practical guide 
to the therapy of irritable 
bowel syndrome
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Inflammatory Bowel Disease: 
Ulcerative Colitis

P.J. Conaghan and N.J. Mc C. Mortensen

14.1	 �Definition

Ulcerative colitis (UC) is a chronic, relapsing 
idiopathic inflammation of the rectum and 
variable lengths of the adjoining colon.

14.2	 �Epidemiology

14.2.1	 �Incidence

The incidence of UC is relatively constant in the 
United States and northern Europe at about 12 
cases per 100,000 adults and about 5 cases per 
100,000 children younger than 16 years of age. 
The incidence is rising, however, in areas where 
it was previously low, such as southern Europe 
and East Asia [1, 2]. This may be in part the result 
of an increasing awareness of the condition and 
improved means of detection, but some of this 
increase is likely a real phenomenon. It has been 
attributed to a “Westernization” of the lifestyle in 
these countries, but an accurate cause is not 

known. Note that rates for isolated ulcerative 
proctitis are often excluded from these statistics.

14.2.2	 �Prevalence

The prevalence of UC reflects the incidence, 
although rates quoted vary widely in the litera-
ture. Rates for northern Europe are in the region 
of 100–250 per 100,000 but are as low as 20 per 
100,000  in central/southern Europe. There is a 
higher prevalence among urban compared with 
rural populations. These geographical variations 
are reflected among migrants, in whom the rate 
of UC tends toward that of the host population, 
supporting the view that environmental factors 
play a major role in the pathogenesis of UC.

The onset of UC commonly occurs between 
25 and 35 years of age, but it has a bimodal dis-
tribution, with a second smaller peak later in life 
(>60  years old). Younger age at onset is often 
associated with an aggressive disease course. 
Men and women are affected equally.

Many risk factors have been proposed for the 
development and exacerbation of UC. However, 
the literature is often contradictory.

•	 Cigarette smoking is the risk factor most 
strongly linked to UC.  Current smoking is 
protective against the development of UC, 
reducing the risk to 40 % of that of 
nonsmokers. However ex-smokers have the 
highest risk: 1.5–2 times greater than that of 
nonsmokers [3, 4].
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•	 Appendicectomy exerts a protective effect 
against the development of UC, reducing the 
risk to about 30 % of those who retain their 
appendix. However, the reduced rate of appen-
dicectomy does not seem to have effected an 
equal rise in the incidence of UC, so the effect 
is likely to be minor [5].

•	 Prolonged use of nonselective nonsteroidal 
anti-inflammatory drugs, oral contraceptive 
pills, perinatal infections, social class, and 
various dietary substances have all been impli-
cated in the development of UC, but the litera-
ture is inconclusive.

14.2.3	 �Etiology

The cause of UC is unknown, but it is likely to 
involve an inappropriate and exaggerated immune 
response in the colonic mucosa to antigens on 
colonic microflora brought about by environmen-
tal triggers in people who are genetically suscep-
tible. In other words, a number of genes likely 
interact with environmental factors, and the trig-
ger for inflammation may involve the colonic 
flora. These genetic, immunological, and micro-
biological factors are all interrelated.

14.2.4	 �Genetic Factors

The concordance rate of UC in monozygotic 
twins is quoted between 15 % and 20 %, com-
pared with 2–5 % for dizygotic twins [6, 7]. The 
lifetime risk of developing UC for a first-degree 
relative of someone with the condition is 1.6 %, 
although this is higher for Jews [8]. This confirms 
a genetic influence in the development of UC, 
although its contribution is not as substantial as 
that seen in Crohn’s disease. Some genes contrib-
ute to susceptibility to a broader inflammatory 
bowel disease (IBD), leading to the incidence of 
UC being greater among relatives of those with 
either UC or Crohn’s disease and vice versa. The 
advent of genome-wide association studies have 
improved the understanding of the genetics of 
IBD, and 163 susceptibility genes are now con-
sidered loci for IBD, with the most important 

within the 6p locus, where evidence for linkage is 
strongest in the region of the human leukocyte 
antigen (HLA) genes [9–11]. Consistent with 
this, UC has associations with particular HLA 
genotypes. HLA-DR2 has a positive association 
with UC, which interestingly also has a positive 
association with the development of primary 
sclerosing cholangitis (PSC) and a negative asso-
ciation with the development of Crohn’s disease. 
These genetic factors may also influence the clin-
ical phenotype of the condition, especially in 
relation to the extraintestinal manifestations such 
as arthritis and PSC.

14.2.5	 �Immunological Factors

Immunological factors are closely linked with 
the genetic factors and in particular the patient’s 
HLA genotype [10]. Appropriate levels of stim-
ulatory and regulatory T cells and their respec-
tive cytokines maintain the immunological 
status quo of the colonic mucosa. Their impor-
tance is well demonstrated in experimental 
mouse models of colitis, where imbalance in the 
activation or number of these stimulatory or 
regulatory cells can lead to inflammation in cer-
tain circumstances.

The mucosal epithelium also plays a role in 
controlling immune functions. These epithelial 
cells can recognize conserved products unique to 
microorganisms (e.g., a lipopolysaccharide that 
coats some gram-negative bacteria) via Toll-like 
receptors and through these receptors can release 
cytokines, chemokines, and other pro- or anti-
inflammatory substances. The cytokine response 
in UC is believed to be predominantly a dysregu-
lated Th2 response as opposed to the predominant 
Th1 response in Crohn’s disease.

14.2.6	 �Microbiological Factors

The inappropriate immune response may occur 
in response to colonic flora, and there has been 
suggestion that patients with UC fail to develop 
oral tolerance to luminal antigens in the gut. No 
specific bacteria have been identified as causative 
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agents, but people with different HLA genotypes 
may interact abnormally with different bacteria 
yet the same immune dysregulation may result to 
produce UC.

14.3	 �Symptoms and Signs

UC usually presents with bloody stool with an 
associated increase in stool frequency. The con-
sistency of stool often depends on the extent of 
the disease: more extensive involvement leads to 
increased looseness of stool. Severe proctitis can 
present with constipation, although patients often 
pass blood and mucus independent of stool in 
these situations. Abdominal pain is more com-
mon in extensive disease, as are systemic symp-
toms such as fever, anorexia, and weight loss.

Some patients have extraintestinal manifesta-
tions of the disease, such as PSC and pyoderma 
gangrenosum, which are unrelated to the disease 
activity of the colitis, and others such as arthritis 
and erythema nodosum, which follow the clinical 
course of the gastrointestinal (GI) disease. The 
main symptoms are summarized in Table 14.1.

Abdominal examination is often unremark-
able apart from mild tenderness. Significant tym-
panitic distension or any evidence of peritonism 
are of great concern and need urgent attention. 
During acute attacks the patient may become 
dehydrated, hypokalemic (from diarrhea), and 
anemic (from GI blood loss).

A relapsing and remitting course is the usual 
pattern of illness; about 50 % of patients with UC 
have a relapse in any given year.

Symptoms and signs can be formally scored 
using validated disease activity scores for UC 
(e.g., Lichtiger score; see Table 14.2).

14.4	 �Complications

14.4.1	 �Colorectal Cancer

Colorectal cancer (CRC) is the most common 
neoplastic complication of UC, with an inci-
dence of 3 per 1,000 person-years of disease and 
a prevalence of 3–7 % [12]. It is more likely to be 

multiple, have a higher grade, and be nonpolyp-
oid than sporadic noncolitic cancers.

Particular risk factors for CRC among people 
with UC are:

•	 Extensive colitis
•	 Diagnosis of PSC
•	 History of colitis for >8 years
•	 Severity of colitis (particularly the first attack)
•	 Young age at onset of colitis
•	 Family history of CRC

Considering all patients with UC, the risk of 
cancer increases with the duration of the disease:

•	 Two percent at 10 years
•	 Ten percent at 20 years
•	 Twenty percent at 25 years

The risk in the subgroup of those with exten-
sive colitis is significantly greater:

Table 14.1  Presenting symptoms of ulcerative colitis

Gastrointestinal Diarrhea usually mixed with blood, 
with or without mucus
Frequency
Constipation in some cases of 
severe proctitis
Urgency
Tenesmus
Incontinence
Abdominal pain

Systemic Tiredness
Weight loss
Fever
Anorexia

Extraintestinal 
(about 10 % of 
patients [58])

Related to disease activity
 � Arthritis
 � Uveitis/iritis
 � Deep vein thrombosis
 � Erythema nodosum
Unrelated to disease activity
 � Primary sclerosing cholangitis
 � Ankylosing spondylitis
 � Pyoderma gangrenosum

Complications Colorectal cancer
Acute lower gastrointestinal 
hemorrhage
Colonic perforation
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•	 Five percent at 10 years
•	 Twenty percent at 20 years
•	 Forty percent at 25 years

Dysplasia in UC is the most reliable marker of 
an increased risk of CRC, but it can be difficult to 
detect. It is divided into four categories:

•	 Absent
•	 Indefinite
•	 Low grade (LGD)
•	 High grade (HGD)

Dysplasia presents as two main patterns: flat 
lesions and elevated lesions. Flat dysplasia is 
often identified incidentally in surveillance biop-
sies from unremarkable mucosa, although dye-
spraying may improve the detection of flat 
dysplasia. Elevated lesions can be either 
adenoma-like  – essentially sporadic adenomas, 
as in people without UC – or non-adenoma-like. 
This latter group is more heterogeneous, the 
lesions are less demarcated, and the surrounding 
flat mucosa is more likely to be dysplastic. 
Hence biopsy of the surrounding mucosa of any 
elevated lesion in UC is essential. Adenoma-like 
dysplasia can essentially be treated like any 
other adenoma if the surrounding mucosa is 
nondysplastic.

A proctocolectomy with or without ileal 
pouch formation should be recommended to all 
patients with the following conditions [13, 14]:

•	 Cancer
•	 Any elevated lesion with surrounding flat 

dysplasia
•	 A non-adenoma-like elevated lesion
•	 Flat HGD

It should also be considered in patients with flat 
LGD. Patients should be told that their risk of CRC 
is nine times greater than that in patients without 
LGD, and the risk increases with a more distal loca-
tion of the cancer in the colon/rectum. A colectomy 
with ileorectal anastomosis could in exceptional cir-
cumstances be considered in colonic cancer/HGD 
with careful postoperative surveillance (see below 
Sect. 14.11.2: Colectomy and ileorectal anastomo-
sis). Given these risks in UC, screening for colorec-
tal cancer is obviously important. Screening 
guidelines have been developed [15]:

•	 Ideally, screening should be performed when 
a patient is in remission.

•	 The first surveillance colonoscopy should be 
performed after 6–8  years from the onset of 
symptoms. It is at this colonoscopy that the 
extent of disease is accurately documented [16].

Table 14.2  Activity score for ulcerative colitis (Lichtiger et al.) [59]

Factor Score

Diarrhea 0 = 1–2 times/day 3 = 6–9 times/day
1 = 3–4 times /day 4 = ≥10 times /day

2 = 5–6 times /day
Nocturnal bowel movement 0 = No 1 = Yes
Bloody stools 0 = None 2 = ≥50 % of time

1 = <50 % of the time 3 = Every time
Incontinence/soiling 0 = No 1 = Yes

Abdominal pain 0 = None
1 = Mild; minimal interference with daily activity
2 = Moderate; interferes with daily activity
3 = Severe; incapacitating

Well-being 0 (Excellent) to 5 (terrible)
Antidiarrheal or opioid drugs 0 = No 1 = Yes

Abdominal tenderness 0 = None
1 = Mild to moderate but localized
2 = Mild to moderate but diffuse
3 = Severe or evidence of peritonism
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•	 The frequency of surveillance is guided by the 
risk of CRC in any individual and is normally 
categorized into high risk (yearly colonos-
copy), intermediate risk (every 3 years), and 
low risk (every 5 years) [15]. The risk stratifi-
cation is based on how extensive the colitis is, 
the severity of inflammation, the presence of 
pseudopolyps, and a family history of CRC.

•	 Ideally, pancolonic dye-spraying should be 
used with targeted biopsies of abnormal 
areas. If this is not available, however, two to 
four random biopsies should be taken every 
10  cm along the entire colon and rectum. 
Additional biopsies should be taken in suspi-
cious areas.

•	 Patients diagnosed with PSC should have 
annual colonoscopies irrespective of the state 
of the liver disease.

•	 In patients with LGD at one site, colonoscopy 
should be performed every 6 months until two 
successive colonoscopies are negative.

14.4.2	 �Cholangiocarcinoma

The risk of cholangiocarcinoma is increased in 
patients with UC on account of the relationship 
between UC and PSC. About 4 % of patients with 
UC develop PSC during their lifetime, and in this 
population the lifetime risk of cholangiocarci-
noma is about 10 %. The risk of cholangiocarci-
noma, like PSC, is not influenced by the disease 
activity of UC.

14.4.3	 �Toxic Megacolon

This is a nonobstructive dilatation (>6  cm) of 
colon in conjunction with extensive colitis (rarely 
just left-sided disease) and systemic disturbance. 
The incidence is falling and currently occurs in 
less than 4 % of patients with UC. Patients are at 
greatest risk early after diagnosis, especially dur-
ing the first attack. It often follows a prolonged 
attack of drug-resistant acute colitis, and hypoka-
lemia, opioid analgesics, drugs causing constipa-
tion, anticholinergics, and possibly superadded 
infections such as Clostridium difficile and cyto-

megalovirus are believed to be precipitants. 
Examination reveals mild tympanitic distension, 
but any evidence of localized or generalized peri-
tonism should be an indication for emergency sur-
gery. Medical management of toxic acute UC is 
permissible at the first instance (see Sect. 
14.7.2.1), but any deterioration or failure to 
improve should again lead to emergency surgery.

The criteria for diagnosis of toxic megacolon 
are [17]:

•	 Diagnosis of colitis
•	 Radiographic evidence of colonic distension 

>6 cm
•	 Fever >38 °C
•	 Heart rate >120 bpm
•	 Neutrophilia >10 × 109

•	 One of the following:
–– Anemia
–– Dehydration
–– Electrolyte disturbance
–– Hypotension
–– Glasgow Coma Scale score <15

The dilatation is accompanied by and possibly 
the result of inflammation of the bowel wall 
extending beyond the mucosa into the muscle. 
This leaves the bowel prone to perforation, which 
is why the condition is so dangerous. Perforation 
of a toxic megacolon carries a mortality of 40 %.

14.4.4	 �Acute GI Hemorrhage

Severe GI bleeding occurs in less than 5 % of all 
patients with UC but accounts for about 10 % of 
the emergency colectomies performed for UC 
[18]. The risk of significant hemorrhage increases 
with the extent of the disease.

14.4.5	 �Benign Strictures

These occur in about 4 % of all patients with UC, 
predominantly in the left colon. Treatment 
depends on the degree of symptoms and the 
extent of disease elsewhere in the colon. Total 
colectomy is the usual surgical option.
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14.5	 �Diagnosis

UC is diagnosed based on a suggestive history 
and examination leading to a combination of 
endoscopic, histological, and microbiological 
investigation.

14.5.1	 �Endoscopy

The gold standard for diagnosing colitis is flexi-
ble sigmoidoscopy/colonoscopy. This shows 
acute inflammation starting in the rectum and 
extending proximally, and allows biopsies to be 
taken for histology. Care is required because the 
risk of perforation is high in acute disease, and 
colonoscopy should be reserved for assessing the 
extent of disease after the acute attack has been 
treated. Extent of disease is defined by the 
Montreal classification (Table 14.3). About 20 % 
of patients have extensive disease at presentation 
[19] (Fig. 14.1).

In active disease, the mucosa is erythematous, 
granular, friable, and demonstrates contact bleed-
ing. Pseudopolyps, which are islands of mucosa 
within an area of extensive ulceration, may be 
present in severe disease. In quiescent chronic 
disease, the mucosa usually shows signs of 
chronic injury, with loss of the normal vascular 
pattern, and may appear featureless. Inflammatory 
polyps may be present.

Biopsies should be taken from multiple sites 
along the colon (including areas that appear nor-
mal), always including the rectum [20]. The con-
tiguous nature of the disease is one of the major 
features that distinguishes UC from Crohn’s coli-
tis, although this is not always apparent macro-
scopically. However, even when there is variation 
in the severity of the colitis between different 

segments of the bowel, which can give a false 
impression of skip lesions, biopsies from the 
apparent “skip” area usually show features of 
chronic inflammation typical of UC, highlighting 
the importance of multiple biopsies. In chronic 
disease and in patients who have received topical 
therapy, the rectum can often appear normal, giv-
ing the impression of rectal sparing. Again, 
biopsy is crucial in the diagnosis. Another area of 
confusion is near the ileocecal valve, where the 
“cecal patch” can give the impression that it is a 
focus of inflammation distant from a more distal 
area of colitis and therefore a “skip lesion.” This 
can be seen even in normal asymptomatic 
individuals.

Once colitis is established as a cause of the 
patient’s symptoms, histology and microbiology 
help confirm the diagnosis of UC.

14.5.2	 �Microbiology

All patients with colitis should have stool sent for 
microbiological assessment to exclude an infec-
tious cause of their colitis. This should include 
virology, parasitology, and C. difficile toxin.

Table 14.3  Montreal classification

Distribution Description

Proctitis Disease limited to the rectum
Left sided Disease limited to the colorectum distal 

to the splenic flexure
Extensive Disease beyond the splenic flexure

50%

30%

20%

Fig. 14.1  Proportion of people with varying extents of 
disease at presentation
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14.5.3	 �Histology

UC is confined to the large bowel, although up to 
30  cm of terminal ileum can be involved with 
“backwash ileitis.” Reports of biopsies taken dur-
ing ileocolonoscopy should describe whether the 
tissue shows features of UC to distinguish it from 
other common causes of colitis such as Crohn’s 
disease, pseudomembranous colitis, and diver-
ticular disease. They should also comment on 
disease activity and on any dysplasia seen within 
the specimen.

The severity of the inflammatory reaction cor-
relates well with the clinical course of the dis-
ease. Cardinal features of UC include:

•	 Inflammation limited to the mucosa and 
superficial submucosa, although deeper layers 
can be involved in fulminant colitis

•	 Diffuse and severe distortion of crypt architec-
ture, although this can take 6 weeks to develop

•	 Diffuse and severe reduction in crypt density
•	 Heavy infiltration of inflammatory cells in the 

lamina propria, especially basal plasmocyto-
sis. Neutrophils are prevalent in active disease, 
and these can form crypt abscesses, which are 
a reliable indicator of disease severity.

•	 Severe mucin depletion
•	 Superficial ulceration in active disease

14.6	 �Additional Useful Diagnostic 
Procedures

Blood tests often show a chronic or acute-on-
chronic inflammatory response:

•	 High C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR), white cell count

•	 Low hemoglobin, albumin
•	 Renal function in all patients presenting with 

severe acute colitis
•	 Liver function tests to assess progressive PSC
•	 Perinuclear anticytoplasmic antibody (pANCA) 

serology is commonly positive in UC, whereas 
Crohn’s disease is often negative for pANCA 
but positive for anti–Saccharomyces cerevisiae 

mannan antibodies. Patients who are pANCA 
positive and anti–Saccharomyces cerevisiae 
mannan antibody negative are far more likely to 
have UC than Crohn’s disease.

Fecal calprotectin is sensitive for GI 
inflammation.

14.6.1	 �Imaging

•	 Plain abdominal radiography is vital in cases 
of severe acute colitis to exclude toxic dilata-
tion of the colon. If there is any suspicion of 
toxic megacolon clinically or radiologically, 
plain abdominal radiography should be 
repeated daily until the clinical condition 
improves. Edema of the bowel wall can be 
seen as “thumbprinting.”

•	 Computed tomography (CT) is useful in 
assessing the extent of inflammation in UC, 
although this is nonspecific and does not help 
in separating the various possible etiologies of 
the inflammation. CT colonography (virtual 
colonoscopy) is not a good substitute for colo-
noscopy in colitis, but it may be used to assess 
strictures where endoscopy has failed.

•	 An erect chest radiograph is also useful in 
cases of suspected perforation.

•	 Contrast enemas are not commonly used and 
are reserved for stricture assessment where 
endoscopy has failed and CT colonography is 
not available.

14.7	 �Treatment

UC should be managed jointly by physicians and 
surgeons.

14.7.1	 �Conservative Treatment

No evidence that elemental diets or any other 
treatment other than pharmacological or surgical 
treatment is of benefit in either the induction or 
maintenance of remission in UC.
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14.7.2	 �Medical Treatment

The medical treatment of UC is divided into treat-
ment of acute disease, treatment of chronic active 
disease, and maintenance of remission. Following 
ileal pouch formation (see Sect. 14.11.4), patients 
can develop pouchitis. This is discussed here.

14.7.2.1	 �Acute Colitis
Patients with mild/moderate disease can be 
managed as outpatients, whereas those with 
severe disease require inpatient care. Severe 
attacks are defined by a modernized version of 
the Truelove and Witts criteria [21] and can be 
characterized by:

•	 Stool frequency (>6 per day)
•	 Plus any one of the following:

–– Temperature >37.8 °C
–– Pulse >90 bpm
–– Hemoglobin <10.5 g/dL
–– CRP >30 g/L

Severe Attacks
Specific monitoring and treatment apply are required 
for patients experiencing severe attacks [22]:

•	 Frequent clinical evaluation, including stool 
charts

•	 Daily blood assessment (full blood count, 
CRP, electrolytes, albumin)

•	 Stool culture, including C. difficile analysis
•	 Daily abdominal radiography if any suspicion 

of colonic dilatation is present
•	 High-dose intravenous (e.g., hydrocortisone 

100 mg four times daily) and topical steroids 
administered rectally (e.g., hydrocortisone 
liquid enemas four times daily)

•	 Intravenous cyclosporine in thiopurine-naïve 
patients if there is no significant improvement 
after 3  days, followed by oral cyclosporine 
when in remission (2 mg/kg intravenously and 
4–9  mg/kg orally) [23] or oral azathioprine 
(1.5–2.5 mg/kg/day). This has been shown to 
reduce the colectomy rate in patients who do 
not respond to steroids, although there is a high 
relapse rate once the cyclosporine is stopped.

•	 Infliximab may be used as an alternative to 
cyclosporine [24].

•	 Intravenous electrolyte-rich fluid with or with-
out blood, as required (maintain hemoglobin 
>8–10 g/dL)

•	 Anticoagulation (e.g., subcutaneous low-
molecular-weight heparin daily) is essential in 
UC given the increased risk of deep vein 
thrombosis in these patients.

•	 Avoid antidiarrheal drugs (e.g., loperamide, 
codeine), opioids, anticholinergics, and, if possi-
ble, nonsteroidal anti-inflammatory drugs, all of 
which increase the risk of perforation. Remember 
that significant pain may indicate perforation.

•	 Oral 5-aminosalacylic acid (5-ASA) com-
pounds provide no advantage in acute colitis.

•	 Broad-spectrum antibiotics can be used in 
those showing signs of septic complications.

•	 After 3 days of treatment, patients with stool fre-
quency >8/day or a Units of CRP are mg/L >45 
are unlikely to improve without a colectomy [25].

•	 Failure to improve within 7 days of treatment 
or deterioration within that period indicates 
that surgery is required.

•	 Once the clinical condition has improved, 
patients should convert to oral treatment (as 
used for mild/moderate acute attacks).

•	 Patients should be encouraged to eat and drink 
during severe attacks. A low-fiber diet is usu-
ally recommended.

Mild/Moderate Acute Colitis
Specific treatment applies for patients with mild 
or moderate acute colitis [26]:

•	 First-line treatment should be with an oral and 
topical 5-ASA compound (mesalazine). The 
oral dose should be >2 g daily and the rectal 
dose, 1 g daily. These can be reduced slowly 
as symptoms improve.

•	 When symptoms do not improve within 2 weeks, 
oral steroids can be administered, with a reducing 
dose starting at 40  mg prednisolone daily and 
titrating over 6 weeks until treatment is stopped.

•	 If symptoms deteriorate during the reducing 
regimen then the steroids should be increased 
again until symptoms settle.

•	 Initially administer oral mesalazine 2–4  g 
daily, which should be continued after remis-
sion is established, and then reduced to half 
this dose after 2 months (see Sect. 14.7.2.3).
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14.7.2.2	 �Chronic Active Disease
For patients with chronic active disease [27]:

•	 A 5-ASA such as mesalazine 4  g daily ini-
tially, forms the basis of treatment. These are 
used in conjunction with 5-ASA enemas (e.g., 
mesalazine 1  g daily) as for mild/moderate 
acute colitis.

•	 Failure to wean completely from steroids 
should lead to the consideration of azathio-
prine as a steroid-sparing agent (aim for a 
maintenance dose of 1.5–2.5 mg/kg/day)..

•	 Anti–tumour necrosis factor (TNF) therapy 
should be considered in thiopurine-intolerant 
patients (ACT I and ACT II trials) [28]. 
Tacrolimus has also been shown to reduce the 
level of steroid maintenance in refractory 
disease.

•	 Appendicectomy may have some effect in the 
management of ulcerative proctitis, but more 
studies are needed [29].

14.7.2.3	 �Maintenance of Remission 
in Quiescent Disease

The chance of maintaining remission can be 
maximised by following some key principles 
[27]:

•	 Lifelong treatment should be administered, if 
tolerated by the patient.

•	 5-ASA compounds are the mainstay of treat-
ment (e.g., mesalazine 1–2 g/day).

•	 For distal disease, treatment with topical 
5-ASA therapy alone (e.g., mesalazine 
500  mg daily) is acceptable if tolerated by 
the patient.

•	 For those with frequent relapses despite or for 
those intolerant to 5-ASA compounds, con-
sider azathioprine 1.5–2.5  mg/kg/day. Anti-
TNF therapy is an alternative.

•	 Appendicectomy has been suggested as a pos-
sible adjunct in the maintenance of remission 
of UC [30].

14.7.2.4	 �Pouchitis
•	 Antibiotic therapy is the first-line treatment 

for pouchitis: commonly metronidazole 
(400  mg three times daily) or ciprofloxacin 
(500 mg twice daily) for 2 weeks.

•	 There is some evidence that combined cipro-
floxacin and metronidazole for 4  weeks is 
superior to either agent alone in reducing 
remission [31].

•	 Long-term low-dose antibiotics can be used 
for those with frequent relapses.

•	 Topical mesalazine or steroids are used when 
antibiotics fail to improve the pouchitis.

•	 Chronic pouchitis is a common cause of pouch 
failure. Treatment with concentrated prepara-
tions of probiotic bacteria (e.g., VSL#3) has had 
some success both in maintaining remission in 
chronic pouchitis [32, 33] and as prophylaxis 
[34]. Budesonide and infliximab have also been 
used in the treatment of chronic pouchitis.

14.7.3	 �Surgery

The 2015 European consensus guidelines [14] 
provide a review of the evidence for surgical 
decision making in UC.  Despite advances in 
medical treatment, up to 30 % of patients with 
UC will ultimately require a colectomy. The indi-
cations for surgery are:

•	 Development of complications (e.g., perfora-
tion, hemorrhage, dysplasia, cancer)

•	 Failure of medical treatment
–– Intractable symptoms
–– Frequent relapses or steroid resistance
–– Drug side effects, including steroid 

dependence

In both situations there are those who require 
emergency surgery (eg severe acute colitis not 
responding to medical treatment (Fig.  14.2), 
colonic perforation) and those who can have 
their surgery planned electively.

14.7.4	 �Emergency

Emergency surgery involves total colectomy and 
end ileostomy as a life-saving procedure. 
Management of the retained rectum is discussed 
below. Patients presenting with severe acute coli-
tis as their first attack are the most likely to 
require colectomy (up to 25 %).
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Following recovery from a total colectomy, 
the fate of the remaining rectum must be consid-
ered, as it can continue to cause bloody anal dis-
charge if the inflammation fails to subside, and it 
remains a site of potential cancer, although the 
risk is about 5 % over 20  years. There are four 
options for the residual rectum:

•	 Progression to restorative proctocolectomy, if 
suitable (see Sect. 14.8.1 Completion 
proctectomy)

•	 Completion proctectomy (see Sect. 14.8.1 
Completion proctectomy)

•	 Rectal mucosectomy
–– In elderly patients with significant rectal 

disease in whom the rectum was divided 
at the level of the levators during emer-
gency surgery, knowing that a pouch or 
ileorectal anastomosis would never be 
considered. This technique is rarely used.

•	 Surveillance only
–– In elderly patients without significant disease

14.7.5	 �Elective

Three surgical options exist in the elective 
situation:

•	 Panproctocolectomy and end ileostomy
•	 Total colectomy and ileorectal anastomosis
•	 Panproctocolectomy and ileal pouch–anal 

anastomosis

The choice of operation depends on the 
patient’s fitness, anal sphincter function, and per-
sonal choice.

14.7.5.1	 �Preoperative Preparation
This is most important in the emergency 
situation.

•	 Patients must be adequately hydrated, with a 
good urine output.

•	 A hemoglobin concentration >9 g/dL is usu-
ally acceptable in an otherwise healthy patient 
without prior transfusion.

•	 Renal and hepatic function should be checked 
and significant electrolyte or clotting abnor-
malities corrected.

In the elective situation, more attention is 
directed at choosing the best time for surgery: 
when nutritional status is optimized and the ste-
roid dose is as low as possible. Preoperative aza-
thioprine does not seem to increase the risk of 
postoperative complications [35], but the evi-
dence for anti-TNF therapy is less clear.

14.8	 �Additional Surgical 
Procedures

14.8.1	 �Completion Proctectomy

A combined abdominal (laparoscopic or open) 
and perineal approach is required to remove the 
rectum in most instances. The perineal part 
involves a circumanal incision and an intersphinc-
teric dissection of the anus to meet the abdominal 
dissection, much in the same way as for a pan-
proctocolectomy and end ileostomy (see Sect. 
14.11.3). The defect in the perineum is closed in 
layers.

A solely perineal approach with retrograde 
proctectomy is a developing technique and uses 
the technology from transanal endoscopic sur-
gery (transanal minimally invasive surgery) to 
achieve this.

14.8.2	 �Closure of Loop Ileostomy

This is usually the third part of a three-stage proce-
dure after restorative proctocolectomy. After check-
ing on a pouchogram that the pouch has healed and 
that there is no stenosis of the pouch–anal  

Fig. 14.2  Severe acute colitis (Courtesy of Illustration 
Services, Cellular Pathology, John Radcliffe Hospital, 
Oxford, UK)
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anastomosis, the loop ileostomy is mobilized 
around its site in the right iliac fossa, reanasto-
mosed, and the abdomen closed. There is rarely a 
need to open the midline abdominal wound.

14.9	 �Differential Diagnosis

See the algorithm in Fig. 14.3 for the investiga-
tion of bloody diarrhea. Other causes of colitis 
must be excluded:

•	 Crohn’s disease: This is the closest differential 
to ulcerative colitis. The differences are high-
lighted in Table  14.4. Occasionally, biopsies 
are not diagnostic of any specific IBD, and 
these cases are called indeterminate colitis.

•	 Infective cause
–– Recent contact with an infectious patient
–– Recent antibiotic use for C. difficile infection

•	 Diverticular cause
–– Rectum appears normal in these patients
–– Bleeding diverticulae seen on endoscopy 

or diverticular disease noted on CT
•	 Radiation
•	 Ischemic cause

–– Onset in older people with features of vas-
cular disease elsewhere or recent surgery 
for an abdominal aneurysm

–– Often associated with significant abdomi-
nal pain

•	 Beçhet enterocolitis
–– Associated history of genital ulceration, 

arthropathy, and uveitis

These other causes can normally be excluded 
by a combination of various investigations:

•	 Clinical history and examination
•	 Sigmoidoscopy and biopsy
•	 Histology
•	 Microbiology

14.10	 �Prognosis

Surgery is curative in UC, and the morbidity and 
mortality associated with the disease have 
improved as a result of better timing of surgery 

and improved surgical and anesthetic techniques. 
If quality of life is poor as a result of uncontrolled 
disease or the side effects of medication, surgery 
is a sensible option; it is not reserved only for 
complications of UC. About 30 % of patients will 
eventually have a colectomy.

When surgery is necessary, the availability of 
restorative proctocolectomy as an alternative to 
an end ileostomy also improves quality of life in 
those for whom a permanent ileostomy is not 
acceptable [36, 37].

The majority of patients live an unrestricted 
life and have a normal life expectancy.

14.11	 �Exemplary Surgical 
Procedures

We discuss four operations:

	1.	 Emergency colectomy, end ileostomy, and 
preservation of the rectal stump

	2.	 Colectomy and ileorectal anastomosis
	3.	 Proctocolectomy and end ileostomy
	4.	 Restorative proctocolectomy

All the elective techniques [2–4] are compared 
in Table 14.5.

All four operations share these common factors:

•	 All patients having stomas should be seen by a 
stomatherapy nurse and the site determined 
preoperatively on the ward, if possible.

•	 General anesthesia (combined with an epi-
dural in the elective setting)

•	 Lloyd-Davies position
•	 Urinary catheter
•	 Potential for laparoscopic resection in selected 

individuals. A midline incision is used for 
open cases. Suggested laparoscopic port 
placements are shown in Fig. 14.4.

14.11.1  �Emergency Colectomy 
and End Ileostomy

This is the operation of choice for the emergency 
situation. It can occasionally be used in the elec-
tive situation where a patient is undecided about 
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long-term options; it gives them the invaluable 
experience of managing a stoma and the quality 
of life that could be expected with a permanent 
stoma. It is also used in chronic disease to enable 
optimal health before a second-stage procedure 
(e.g., no steroids, improved nutrition).

Indications are given above see Sect. 14.7.3.

14.11.1.1	 �Technique
•	 If the rectum is dilated, insert a rigid sigmoid-

oscope to deflate it before making the incision 
and leave a rectal catheter postoperatively.

•	 Mobilize the right colon and ileocecal junction, 
preserving the ileocolic artery, and divide of 
ileum just proximal to the ileocecal junction.
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Fig. 14.3  Basic algorithm 
for the investigation of 
bloody diarrhea
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Table 14.4  Differences between ulcerative colitis and Crohn’s disease

Ulcerative colitis Crohn’s

Clinical
 � Distribution Continuous Skip lesions/focality
 � Small-bowel disease Not involved Common
 � Rectal involvement Always Often spared
 � Anal disease Rare Common
 � Fistulae Rare Common
 � Strictures Uncommon Common
Pathological
 � Depth of inflammation Mucosa/submucosa Full thickness
 � Fat wrapping Absent Present
 � Pseudopolyps Common Uncommon
 � Mucin depletion Common Uncommon
 � Cobblestone appearance Absent Present
 � Deep fissures Rare Present
 � Crypt abscesses Frequent Occasional
 � Granulomata Rare Common
Serological
 � Anti–Saccharomyces cerevisiae 

mannan antibodies
15 % 65 %

 � Perinuclear anticytoplasmic 
antibodies

70 % 20 %

•	 Preserve the inferior mesenteric artery. 
Mobilize and divide the left colon at the level 
of the distal sigmoid to retain enough length 
for a mucous fistula (Fig. 14.5). However, it 
may be necessary to divide the bowel more 
distally in cases where there is severe bleed-
ing/rectal ulceration. Division below the area 
of bleeding is obviously necessary in these 
cases.

•	 Bring the ileum out through a trephine in the 
right iliac fossa, which is marked before the 
surgery.

•	 Either staple and divide the left colon at the 
rectosigmoid and leave it within the abdo-
men, or staple it at the distal sigmoid with 
enough length to bury it subcutaneously in 
the midline wound or extraction site in lapa-
roscopic surgery. If the colon is too friable to 
take sutures or staples, form a formal mucous 
fistula [38].

•	 In laparoscopic operations, consider removing 
the colon either through a separate extraction 

site (e.g., an extended periumbilical camera 
port site or an extended suprapubic port site if 
leaving a buried sigmoid stump) or through 
the ileostomy site, although this requires wid-
ening the ileostomy site and may predispose 
the patient to parastomal herniation.

14.11.1.2	 �Possible Complications
These are summarised in Table 14.5

•	 The intraperitoneal stump leak rate is about 
6–12 % [39–41]. Leaving a rectal catheter 
may reduce this rate. Subcutaneous leaks 
causing wound infections are more common 
(10–30 %) [40, 42] but less hazardous than an 
intraperitoneal leak. However, the longer 
stump required to bury it in the abdominal 
wall increases the risk of troublesome symp-
toms caused by the rectal stump.

•	 Complications specific to the stoma include 
high-output stomas, parastomal hernias, 
stomal prolapse, stricture, retraction, and 
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ischemia of the stoma. About 25 % of patient 
will need revision at 5 years [43].

14.11.2  �Colectomy and Ileorectal 
Anastomosis

This is an uncommon procedure in UC, indicated 
only in young patients with minimal rectal 
inflammation, no sphincter dysfunction, good 
rectal compliance, and no evidence of dysplasia 
anywhere in the large bowel. It should only be 
considered in exceptional cases (e.g., for fertility 
reasons in people who want a ileoanal pouch but 
also want time to complete a family), occasion-
ally as a bridge to pelvic surgery, and occasion-
ally as a long-term solution.

14.11.2.1	 �Technique
•	 The colon is mobilized as in a total 

colectomy.
•	 Only the upper rectum is mobilized.
•	 The bowel is divided at the upper rectum, and 

a hand-sewn or stapled end-to-end ileorectal 
anastomosis can be made.

•	 In the laparoscopic approach, the port place-
ment is the same as that for a total colectomy 
(Fig. 14.4). The colon is extracted through an 
extended periumbilical camera port site or an 

extended suprapubic port site. The anvil of 
the stapling device is placed into the ileum 
extracorporeally before returning it to the 
abdomen and closing the extraction site 
to  enable an anastomosis to be made 
laparoscopically.

14.11.2.2	 �Possible Complications
These are summarised in Table 14.5

Fig. 14.4  A suggestion for port position in a laparo-
scopic total colectomy

Table 14.5  Comparison of three common elective operations for ulcerative colitis

Proctocolectomy/end 
ileostomy

Colectomy and 
ileorectal anastomosis

Restorative 
proctocolectomy

Advantages Curative
One operation

One operation
No risk to sphincter
No risk to pelvic nerves

Curative
Avoids permanent 
ileostomy

Disadvantages Permanent ileostomy Not curative; may 
require continuing 
treatment
Require surveillance

10 % Fail
Frequency of evacuation
Two operations required

Complications Stoma revision (10–20 %)
Perineal wound problems 
(20 %)
Small-bowel obstruction 
(10–20 %)
Minimal bladder or sexual 
dysfunction

Small-bowel 
obstruction (10–20 %)
Anastomotic leak (5 %)

Pouchitis (40 %)
Fistulas to pouch
Small-bowel obstruction 
(10–20 %)
Anastomotic leak (5 %)
Sexual dysfunction (5 %)

Contraindications Aversion to stomas Weak anal sphincters
Severe proctitis
Rectal dysplasia or 
cancer

Low rectal cancer or 
dysplasia
Weak anal sphincters
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•	 The risk of cancer in the rectum is low but still 
requires annual surveillance with flexible sig-
moidoscopy and biopsy.

•	 The risks of anastomotic leak and small-bowel 
obstruction are equivalent to those for restor-
ative proctocolectomy.

•	 Poor function can result from both an absence 
of the absorptive capacity of the colon and 
continuing proctitis. Urgency of defecation is 
the most common cause of ultimate failure.

14.11.3  �Proctocolectomy and End 
Ileostomy

This procedure is indicated in various 
circumstances:

•	 Presence of weak anal sphincters
•	 Low rectal cancers
•	 Patients who find the potential complications 

of restorative proctocolectomy unacceptable
•	 Patients who want a permanent ileostomy

14.11.3.1	 �Technique
•	 Use a purse-string suture to close the anus.
•	 Some advocate making a trephine for ileos-

tomy before the midline incision to avoid the 
distortion later created in the abdominal wall 
by the laparotomy incision [44].

•	 In non-neoplastic cases, colonic mobilization 
is as described above for total colectomy.

•	 In operations for dysplasia or carcinoma, a 
cancer technique with high ligation and wide 
clearance should be used.

•	 The rectum should be mobilized using a tech-
nique designed to minimize the risk to the pelvic 
nerves; some choose a standard mesorectal dis-
section given that this is the plane with which 
they are most familiar and thus minimizes the 
risk of complication (in the region of 2 %) [45]. 
Others choose a close perimuscular dissection, 
and others still a mixed dissection using the 
mesorectal plane in areas where the risk to the 
autonomic nerves is not high and a perimuscular 
technique in areas of greatest risk. Traditionally, 
these have a lower risk of injury to the pelvic 
nerves [46], although the technique is less com-

mon. Close rectal dissection seems to be associ-
ated with reduced short-term morbidity [47]. In 
neoplastic cases, however, the mesorectal plane 
should be used as in other cancer operations.

•	 Perineal dissection of the lower rectum should 
take place in the intersphincteric plane to min-
imize perineal complications, except in can-
cers close to the dentate line, where the 
extrasphincteric plane should be used (as for 
abdominoperineal resection for cancer).

•	 The empty pelvis is drained with suction 
drains via the lower abdominal wall.

•	 The distal ileum is brought out as an end ileos-
tomy and everted to form a spout about 2.5 cm 
from the anterior abdominal wall.

•	 In the laparoscopic approach, the port place-
ment is the same as that for a total colectomy 
(Fig. 14.4). The colon and rectum are extracted 
via the perineal wound; the ileum is divided 
intracorporeally to allow this.

14.11.3.2	 �Possible Complications
Postoperative ileus or small-bowel obstruction 
and pelvic sepsis are the most common postop-
erative complications (see Table 14.5). Perineal 

Fig. 14.5  Division of the distal colon in an emergency 
colectomy, leaving a long distal stump to form a mucous 
fistula
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wound problems are common following proctec-
tomy but are less problematic than after proctec-
tomy for Crohn’s disease. Ileostomy 
complications occur (as mentioned above).

14.11.4  �Restorative 
Proctocolectomy

Before surgery, the following need to be 
considered:

•	 Age: Use caution at both extremes. In the 
elderly, thought needs to be given to anal 
sphincter function and the added morbidity of 
undergoing major abdominal surgery. In pedi-
atric patients, the smaller anatomy (especially 
with respect to the pelvic nerves), future fer-
tility, and the implications of spending the 
teenage years with a pouch need to be 
considered.

•	 Anal sphincter assessment: Endoanal ultra-
sound and anal manometry should be used to 
confirm adequate anal sphincter function, 
especially in parous women.

•	 Fertility: Men who would consider having 
children in the future should have a semen 
specimen taken for storage (sexual dysfunc-
tion affects up to 3 % of men following ileal 
pouch surgery). Women considering having 
children should be advised that fecundity is 
reduced following this operation and, if pos-
sible, to wait until their family is completed 
before having pouch surgery [48]. 
Laparoscopic pelvic dissection may reduce 
the adverse effects of pelvic dissection on fer-
tility in women [49].

•	 Pregnancy: Most women should be advised to 
have a caesarean delivery for future pregnan-
cies, although there is little evidence to sup-
port this [50].

•	 Histology: The slides should be reviewed by 
an experienced pathologist with a specialist 
interest in colorectal pathology. Pouch failure 
rates in indeterminate colitis vary; some sug-
gest comparable outcomes to UC.  However, 
pouch surgery for Crohn’s disease has a 
30–50 % risk of failure [51, 52] but could be 

considered in patient with isolated colonic 
Crohn’s disease [53].

•	 Patients with PSC have a higher incidence of 
pouchitis and pouch failure and need to be 
counseled accordingly [54].

14.11.4.1	 �Technique
•	 The colon and rectum are mobilized abdomi-

nally, as for proctocolectomy and end ileos-
tomy. The ileocolic artery is divided distally to 
maximize perfusion of the ileum should any 
vascular division be necessary in the small-
bowel mesentery.

•	 There is no perineal dissection, and the rectum 
is mobilized to the anorectal junction from 
above.

•	 A clamp is placed on the midrectum, and the 
rectum is washed out via the anus.

•	 Care is taken to avoid the vagina anteriorly in 
women.

•	 A transverse right-angled stapler is applied to 
the anorectal junction and the bowel is divided, 
leaving a cuff of rectum as short as possible 
(<2 cm). The surgeon can check the length by 
introducing a finger into the rectum and clos-
ing the stapler just above the fingertip. There 
is no clinical advantage in doing a hand-
sutured anastomosis with mucosectomy, and 
the mucosectomy may cause functional prob-
lems [55, 56]. There is no increased risk of 
dysplasia or cancers in stapled compared with 
hand-sewn pouch–anal anastomoses.

•	 The ileum is transected just proximal to the 
ileocecal valve.

•	 The small-bowel mesentery is mobilized com-
pletely to the junction of third and fourth parts 
of the duodenum.

•	 Selected mesenteric vessels can be divided to 
provide extra length if required.

•	 A J-pouch is formed from the terminal 
30–40 cm of ileum by folding them into two 
15- to 20-cm limbs and using a linear stapler 
to form a common lumen with a side-to-side 
anastomosis (Fig.  14.6). The four-limb 
W-pouch is an alternative using 10  cm of 
ileum for each limb, whereas the S-pouch has 
been largely abandoned because of poor evac-
uatory function [57].
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•	 A purse-string suture is placed around the 
enterotomy used to introduce the linear sta-
pler; this secures the anvil of the stapler.

•	 A circular stapling device is advanced peria-
nally to the transverse rectal staple line, and 
the central spike is advanced through the sta-
ple line. The circular stapler is united with the 
anvil and the stapler fired (Fig. 14.7). An alter-
native is to use a hand-sewn perianal anasto-
mosis with a mucosectomy.

•	 The excised tissue donuts must be inspected 
and the anastomosis tested for air leakage.

•	 A loop ileostomy is constructed through a tre-
phine incision in the right iliac fossa.

•	 In the laparoscopic approach, the port is 
placed as for a total colectomy (Fig.  14.4). 
Division of the anorectal junction is difficult 
because of the technical difficulty of forming 
a right-angled staple line on the pelvic floor 
with laparoscopic equipment. It is best 
achieved through a suprapubic port. Open 
right-angled stapling devices can occasionally 
be used with a modified “glove” port. The 
colon is extracted as in an ileorectal anasto-
mosis. The ileal pouch is formed and the anvil 
placed extracorporeally before being returned 
to the abdomen, as in the ileorectal anastomo-
sis operation.

14.11.4.2	 �Possible Complications
Overall pouch failure occurs in about 15 % of 
cases. Common causes of failure include (see 
Table 14.5):

Pelvic sepsis including fistulae
About one-third of pouches complicated by pel-

vic sepsis fail. Common reasons include anas-
tomotic leaks or infected hematomas. 
Subsequent fistulae from the pouch, particu-
larly into vagina or perineum, occur in 7–8 % 

15-20cms

Fig. 14.6  The ileal J-pouch construct

Fig. 14.7  Formation of the stapled ileal pouch–anal 
anastomosis
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of patients and usually require defunctioning 
followed by further surgery.

Poor function
Good pouch function is considered to be any-
thing up to six bowel motions per day. 
Frequency, especially associated with urgency 
and poor gas/liquid discrimination, signifi-
cantly affects a patient’s quality of life. A num-
ber of possible causes are listed in Table 14.6.

Pouchitis
Inflammation can develop in the ileal pouch, 
which can lead to symptoms of stool fre-
quency, urgency, and occasional per rectal 
(PR) bleeding and pelvic pain. It is diagnosed 
by positive criteria found in the clinical his-
tory, endoscopy, and histology.
Pouchitis is a significant problem, affecting 
30–40 % of people following ileal pouch sur-
gery, but only 10 % will have recurrent attacks. 
In 1–2 % of cases, it is so severe as to require 
pouch excision or rediversion with a loop ileos-
tomy. The etiology remains unclear, but poten-
tial risk factors include extensive UC before 
colectomy, PSC, no smoking, backwash ileitis, 
and regular nonsteroidal anti-inflammatory use. 
Treatment was detailed earlier in the chapter.
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Crohn’s Disease

Peter Kienle

15.1	 �Etiology and Epidemiology

Crohn’s disease (CD) is a chronic, idiopathic 
inflammatory bowel disease, and its exact etiol-
ogy is still debated [1]. Current evidence sug-
gests that the intestinal mucosal barrier is 
compromised in patients with CD, allowing 
intestinal bacteria to invade the bowel. 
Antimicrobial peptides produced in Paneth cells 
are normally found in the mucus and defend the 
mucosa against such bacterial invasion, but 
decreased expression of these peptides (e.g., 
defensins) has been shown in CD.  Moreover, 
dysfunction of autophagy in affected patients 
results in defective handling of intracellular and 
invading bacteria and causes prolonged survival 
and defective clearance of those microbes. These 
mechanisms together trigger an uncontrolled 
immune response, resulting in chronic intestinal 
inflammation. Therefore the conception of the 
disease as predominantly a consequence of an 
inadequate immunological response is only par-
tially correct. An altered microbiome, or “dysbio-
sis,” is probably also relevant over the protracted 
course of the inflammation. Whether specific 
infections such as Mycobacterium avium subsp 
paratuberculosis play a role remains controver-
sial. A genetic susceptibility (over 160 suscepti-

bility genes have been described; e.g., a NOD2 
mutation results in an up to 60-fold higher inci-
dence) and environmental factors are both of 
importance because there is a higher incidence in 
developed countries and a distinct north-to-south 
gradient. Smoking is a proven risk factor and also 
increases the risk of relapse after surgery. Other 
factors such as status after appendectomy, perina-
tal infections, and oral contraceptives remain 
controversial. Psychosocial factors probably are 
not of etiological relevance, but they do seem to 
influence symptom manifestation and the course 
of the disease. Together, this evdicence shows 
that the etiology of Crohn’s disease is probably 
multifactorial, but several aspects remain unclear. 
The incidence of the disease is around 5–8 per 
100,000 per year in most Western countries, with 
a major peak between the second and fourth 
decades and a smaller peak between the fifth and 
seventh decades of life. Fifteen to 20 % of patients 
are younger than 20 years. The overall prevalence 
amounts to about 120–200 per 100,000.

15.2	 �Pathology

Macroscopic features:

•	 Segmental, discontinuous inflammation (“skip 
lesions”) with strictures, stenosis, and wall 
thickening

•	 “Fat wrapping” or “creeping fat” (Fig. 15.1), 
serositis, bowel wall adhesions
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•	 Aphthoid lesions, fissural ulcerations, cobble-
stone pattern

•	 Fistula
•	 Rectum is typically spared
•	 Perianal lesions

Microscopic features:

•	 Transmural chronic inflammation with lym-
phoid aggregates

•	 Widening of the submucosa with edema, lym-
phangiectasia, and submucosal fibrosis

•	 Neuronal hyperplasia, ganglionitis
•	 Transmural fissures and fistula
•	 Noncaseating epithelioid granulomas (high 

specificity but low sensitivity for diagnosis of 
Crohn’s disease, are found in 20 % of biopsies 
and >60 % of resected bowel specimens)

•	 Granulomatous lymphadenitis

15.3	 �Clinical Manifestations 
and Symptoms

CD can affect the entire gastrointestinal tract, 
from the mouth to the anus (see Table 15.1 for a 
distribution of CD). The most commonly affected 
part of the bowel is the ileocecal region (60–
70 %). Segmental or general colitis and anorectal 
disease occur in 20–30 % of patients, often in 
combination.

The clinical symptoms depend on the affected 
bowel and the phenotype. Because the inflamma-
tion is typically segmental and may affect 

the entire gastrointestinal tract, symptoms are 
predominantly determined by the part of bowel or 
organ involved. Three phenotypes, which deter-
mine clinical behavior, can be differentiated 
according to the Montreal classification: without 
stricture formation, nonpenetrating (B1); strictur-
ing (B2); or penetrating (B3). Category B3 
includes a subcategory of perianally penetrating 
(B3p). Most patients initially present with a B1 
phenotype, and about half of patients progress to 
a more aggressive phenotype within 20 years after 
the initial diagnosis. However, the data and clini-
cal experience seem to question this rigid differ-
entiation, as there is a considerable overlap 
between these phenotypes: patients often present 
with both a stricture and a fistula, where the latter 
is the potential cause of the stenosis or in turn 
occurs as a consequence of a more distal stenosis. 
Interenteric fistulas and luminal stenosis are often 
combined, especially in conglomerate tumors of 
primarily inflamed bowel and secondary affected 
adherent bowel.

Stenosis typically presents as acute fibrotic ste-
nosis, which is potentially reversible after medical 
treatment, or as chronic fibrotic stenosis. In both 
cases patients suffer from abdominal cramps, 
especially after eating; pain; and abdominal dis-
tension, potentially progressing to subileal 
obstruction or complete bowel obstruction. 
Patients also often present with diarrhea – the most 
common clinical symptom in CD – as a result of 
either bacterial overgrowth before a stenosis, mal-
absorption (bile acids in the terminal ileum), or the 
inflammation itself. This situation, sometimes in 
combination with occult bleeding, can result in 
anemia. Furthermore, patients are often malnour-
ished and anorectic. When the transmural inflam-
mation progresses into neighboring tissue, fistulas 
can occur (Table 15.2, Fig. 15.2). These in turn can 
trigger abscesses, which may present as pain 

Fig. 15.1  “Fat creeping” phenomenon (arrow) in the 
small bowel in a patient with Crohn’s disease

Table 15.1  Distribution of disease according to the 
Montreal classification [2]

Terminal ileum 40–50 %
Ileocolon ~20 %
Colon ~30 %
Upper gastrointestinal tract ~5 %
Anorectal disease 20–30 %
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(mostly dull, noncolicky), fever, or even full-
blown sepsis. Conglomerate inflammatory tumors 
may be palpable as a mass.

15.3.1	 �Extraintestinal Manifestations

Extraintestinal manifestations and associated 
diseases occur in about 20–40 % of patients and 
depend on the activity of the CD (Table 15.3). 
Therefore treatment of the underlying disease 
should primarily be intensified. Anemia is the 
most commonly associated disease, mostly 

because of an iron deficiency caused by chronic 
inflammation, and less frequent as a result of 
intestinal bleeding or a lack of vitamin B12 (ileal 
inflammation/stenosis or loss of ileum after 
resection). The second most commonly afflicted 
tissues are the joints, where peripheral and 
axial arthropathy are generally differentiated. 
Eyes are involved in 2–13 % and the skin in 
2–15 %. Sclerosing cholangitis usually only 
occurs in patients with Crohn’s colitis. 
Pancreatitis develops in up to 4 % of patients, 
but this is often a result of the side effects of 
medication (azathioprine in 3–5 %) and chole-
cystolithiasis than from direct inflammation of 
the duodenum and papilla of Vater or the pan-
creatic parenchyma.

15.3.1.1	 �Disease Activity and 
Classification

Disease pattern, activity, and severity are classi-
fied several ways, and these are worthwhile in 
studies [3]. But in clinical routine these classifi-
cations, such as the Crohn’s Disease Activity 
Index (CDAI) or the pediatric CDAI (PCDAI) are 
generally too complex. The CDAI is a validated 
composite score grading the severity of CD based 

Table 15.2  Types of fistula in Crohn’s disease

Type Clinical symptoms Indication for surgery

Interenteric Often asymptomatic Relative or no indication 
(except for a high fistula with 
functional short-bowel 
syndrome)

Short-bowel syndrome (e.g., jejunocolic 
fistula)
Part of a “conglomerate tumor”

Enterocutaneous Oligosymptomatic Depends on symptoms
Painful, skin irritation Absolute

Retroperitoneal (“blind ending”) 
(Fig. 15.5a, b)

Asymptomatic
Ureteral stenosis
Sepsis (smoldering)
Bone affected (septic spondylitis or arthritis)

Enterovesical Urinary tract infections Absolute
Pneumaturia

Enterovaginal Often oligosymptomatic Depends on symptoms, relative
Vaginal passage of gas, stool, or pus
Vaginal discharge
Recurrent vaginal or urinary tract infections

Perianal Oligosymptomatic Depends on symptoms, relative
Pain
Secretion

Fig. 15.2  Ileocolic fistula (arrow) in Crohn’s disease of 
the ileocecal region
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on the following clinical parameters measured 
over 7 days: number of soft or liquid stools, use 
of antidiarrheal medication (0 or 1), abdominal 
pain (0–3), general well-being (0–4), number of 
extraintestinal manifestations, abdominal mass 
(0, 2, or 5), hematocrit (percentage decrease from 
expected), and body weight (percentage decrease 
from expected). The scores achieved for each 
parameter are multiplied by a predefined factor 
and summarized to provide a final score, which 
ranges from 0 to approximately 600. A CDAI 
score below 150 is generally considered to mean 
quiescent disease, whereas a score above 450 
generally signifies very severe disease.

The Harvey-Bradshaw index is a simplified 
disease activity index. It consists only of clinical 
parameters, but it has also not really been imple-
mented in clinical practice.

Clinical disease activity can be categorized as 
mild, moderate, or severe (Table 15.4), although 
these groups are not precisely defined entities. 
Most studies consider moderate disease activity 
(CDAI >220  in adults and PCDAI ≥30  in chil-
dren) as a prerequisite for inclusion in trials. But 
because of the high remission rate in the placebo 

groups in recent studies, a C-reactive protein con-
centration >10 mg/L is now often also required.

The following classification into remission, 
response, and relapse is of value in studies:

–– Remission: reduction of the CDAI to <150 
points, or, in children, of the PCDAI to ≤10 
points.

–– Relapse: reduction of the CDAI by at least 100 
points; in children, of the PCDAI by at least 
12.5 points.

–– Recurrence: reoccurrence of symptoms after a 
remission with a >70-point increase in the 
CDAI (PCDAI, ≥12.5 points) and an overall 
CDAI >150, given there was a remission 
beforehand, with a CDAI of <150 points.

Furthermore, guidelines distinguish between 
localized and extensive disease:

•	 Localized disease: intestinal CD affecting 
<30 cm, usually in an ileocecal location (but also 
may include more proximal small or large bowel)

Table 15.4  Grading of disease activity in Crohn’s dis-
ease (European Crohn’s and Colitis Organisation guide-
lines, version 4)

Mild Moderate Severe

Equivalent to a 
CDAI of 150–220

Equivalent to a 
CDAI of 
220–450

Equivalent to a 
CDAI >450

Patient is 
ambulatory, 
eating and 
drinking, and has 
<10 % weight 
loss
No features of 
obstruction, fever, 
dehydration, 
abdominal mass, 
or tenderness

Intermittent 
vomiting or 
weight loss 
>10 %

Cachexia (body 
mass index 
18 kg/m2) or 
evidence of 
obstruction or 
abscess

No overt 
obstruction

Persistent 
symptoms 
despite 
intensive 
treatment

CRP is usually 
higher than the 
upper limit of 
normal

Treatment for 
mild disease is 
ineffective or 
there is a tender 
mass

CRP increased

CRP is higher 
than the upper 
limit of normal

CDAI Crohn’s Disease Activity Index, CRP C-reactive 
protein

Table 15.3  Extraintestinal manifestations and associ-
ated diseases in Crohn’s disease

Location Type

Blood Anemia
Thrombophilia

Joints Sakroiliitis
Peripheral arthritis
Ankylosing spondylitis

Eyes Uveitis
Episcleritis

Bones Osteoporosis/osteopenia
Skin Erythema nodosum

Pyoderma gangrenosum
Thorax Pleuritis

Myocarditis
Kidneys Amyloidosis

Nephrolithiasis
Pancreas Pancreatitis
Hepatobiliary tract Cholecystolithiasis

Primary sclerosing cholangitis
Cholangiocarcinoma
Autoimmune hepatitis
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•	 Extensive disease: intestinal CD affecting 
>100 cm, whatever the location. This applies to 
all inflammation in discontinuous segments.

Obviously, there is a wide area between 30 
and 100  cm, but these somewhat pragmatic 
definitions are of value for medical and espe-
cially surgical decision making (roughly, the 
more bowel affected, the higher the threshold 
to operate).

15.3.1.2	 �Diagnostics
There is no single gold standard method to diag-
nose CD. The diagnosis is based on the clinical 
picture, the course of the disease, and the com-
bination of diagnostic modalities, including 
laboratory workup, endoscopy, histology, and 
radiology.

15.3.2	 �Differential Diagnosis

In acute lower-quadrant pain, acute appendicitis 
and yersiniosis are the most important differen-
tial diagnoses. Granulomatous chronic intestinal 
inflammations can also be caused by sarcoidosis 
or tuberculosis, especially outside Western 
Europe. Malignant lymphomas and small-bowel 
cancers occasionally are the reason for small-
bowel stenosis and a “conglomerate.” The major 
differential diagnoses in Crohn’s colitis are 
ulcerative colitis, infectious colitis (including 
pseudomembranous colitis), and irritable bowel 
syndrome.

15.3.3	 �Laboratory

Initial laboratory testing, apart from a standard 
workup (e.g., full blood count, urea) should 
include markers of inflammation (C-reactive pro-
tein). Fecal calprotectin and lactoferrin can be 
used to differentiate inflammation from func-
tional complaints, as they are very sensitive 
markers for bowel inflammation. Calprotectin, 
for example, has a positive predictive value of 
85–90 % in distinguishing inflammatory bowel 
disease from irritable bowel syndrome. However, 
these tests are not very specific for CD and are 

therefore mostly useful during patient follow-up. 
Albumin is a valuable parameter for nutritional 
status, especially preoperatively, since a low con-
centration is correlated with a higher risk of com-
plications [5].

15.3.4	 �Endoscopy

Ileocolonoscopy and random biopsies from the 
terminal ileum and each colonic segment should 
be done to look for microscopic evidence of CD 
to establish the diagnosis (Fig. 15.3). Moreover, 
the upper gastrointestinal tract also needs to be 
investigated by endoscopy to rule out Crohn’s 
lesions there or other diagnoses. Endoscopy is of 
importance in monitoring treatment and also 
postoperatively, as newer studies imply a better 
outcome in patients treated early and aggres-
sively on the basis of early mucosal changes on 
endoscopy [6].

15.3.5	 �Imaging

High-resolution ultrasound has an important role 
in the acute setting, especially to detect fistulas, 
stenosis, and abscesses. It is also useful to moni-
tor bowel inflammation during treatment.

A plain radiograph is of value in emergency 
situations, such as bowel obstruction and 
perforation.

High-resolution magnetic resonance imaging 
(MRI) or computed tomography (CT) enterog-
raphy or enteroclysis have the highest diagnos-
tic accuracy for detecting intestinal involvement 
in CD and especially extramural complications 
such as fistulas and abscesses. MRI and CT and 
should be performed during the primary workup 
of patients with a high suspicion of CD. As MRI 
has no risk of radiation exposure, it should be 
preferred whenever possible (Figs.  15.4 
and  15.5). CT is generally preferred when an 
intervention is likely (e.g., abscess drainage; 
Fig. 15.6).

In rare cases where the standard imaging tech-
niques are negative but there still is a high clinical 
suspicion of CD, small-bowel capsule endoscopy 
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can be used to clarify the diagnosis. Double-
balloon enteroscopy is only indicated in cases 
where biopsies (e.g., to exclude malignancy) or 
therapeutic procedures (e.g., dilatation of a steno-
sis) are warranted.

In perianal disease, MRI is the imaging modal-
ity of choice because it is very accurate. 
Endosonography is an alternative and is probably 
as good as MRI if performed by an experienced 
examiner. But its use is limited because of access 
(anal stenosis) and pain issues, especially in 
severe perianal disease.

15.3.5.1	 �Therapy
Treatment in CD is primarily conservative [7, 8]. 
However, there are special situations where sur-
gery can be considered (e.g., isolated short-
segment ileocecal inflammation) or must be 
implemented (emergencies) as the primary treat-
ment. The choice of drug in conservative treat-
ment greatly depends on disease activity, site, 
and accompanying complications (e.g., stenosis, 

Fig. 15.4  Inflammatory stenosis in the distal ileum (wall 
thickening; white arrow) with prestenotic dilatation (black 
arrow)

Fig. 15.3  Endoscopic view of a stenosis with a cobblestone appearance in the distal ileum of a patient with Crohn’s disease
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a b

Fig. 15.5  (a, b) Inflammatory stenosis in the distal ileum (wall thickening; white arrow) with a blind-ending fistula to 
the retroperitoneum (black arrow) (a axial image, b coronal image)

Fig. 15.6  Large 
pelvic abscess in 
ileocecal Crohn’s 
disease (arrow)

abscess). Obviously, patients need to be coun-
seled with regard to the immense harm of smok-
ing in CD. (Smoking cessation is more effective 
than any medication to prevent postoperative 
recurrence!)

Steroids should not be given over a longer 
period of time because of their side effects and 
because they are not effective in maintaining 
remission.

15.4	 �First-Line Treatment

15.4.1	 �Ileocecal CD

15.4.1.1	 �Mildly Active
Budenoside 9 mg/day is the treatment of choice, 
and about 50–70 % of patients will go into remis-
sion within 8–12 weeks. Mesalazine is consider-
ably less effective but can be used. Merely 
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symptomatic therapy is also viable as between 
20 % and up to 40 % of patients go into spontane-
ous remission.

15.4.1.2	 �Moderately Active
Budenoside 9 mg/day or systemic steroids (1 mg/
kg/day), with the addition of antibiotics if needed 
(septic complications), is the treatment of choice. 
This is effective in up to 90 % of patients within 
6 weeks.

15.4.1.3	 �Severely Active
Patients should be primarily treated with sys-
temic steroids.

15.4.2	 �Crohn’s Colitis

15.4.2.1	 �Mildly and Moderately 
Active

Sulfasalazine or systemic steroids are first-line 
options. In distal colitis, suppositories or enemas 
(mesalazine) can also be used.

15.4.2.2	 �Highly Active
Patients should be primarily treated by systemic 
steroids.

15.4.3	 �Extensive Small-Bowel 
Disease

Patients should be primarily treated by systemic 
steroids. Early immunosuppression should be 
considered.

15.4.4	 �Oesophageal 
and Gastroduodenal Disease

Patients should be primarily treated by systemic ste-
roids in combination with proton pump inhibitors.

15.4.5	 �Perianal Disease

Antibiotics are a good initial option (metronida-
zol, ciprofloxacin). Longer treatment with metro-
nidazol is problematic because of its side effects 

(peripheral neuropathy, metallic taste, nausea). 
Immune modulators or anti–tumor necrosis 
factor (TNF) (sometimes in combination) are the 
treatment of choice in severe cases. There is no 
evidence that standard treatment (5-aminosalicylic 
acid and steroids) is effective in perianal disease. 
All treatments are probably not very successful in 
actually healing fistulas, but secretion and inflam-
mation are reduced and quality of life is thereby 
significantly improved.

15.5	 �Treatment Escalation

Surgical options should always be considered 
before an immunosuppressive therapy is imple-
mented. Contraindications need to be considered; 
for example, tuberculosis and severe infections 
including undrained abscesses are absolute con-
traindications for treating patients with 
anti-TNF.

Steroid-refractory disease should primarily be 
treated with anti-TNF with or without azathio-
prine (2–2.5  mg/kg/day) or 6-mercaptopurine 
(1–1.5  mg/kg/day). Therapy with anti-TNF 
achieves an improvement or remission in up to 
70 % of patients in this setting and, compared 
with the above-mentioned thiopurines, acts more 
quickly. Methotrexate is an alternative (25  mg/
week, intramuscularly) in special situations (e.g. 
when other treatments cannot be continued due 
to side-effects). Vedolizumab, a bowel-selective 
integrin antagonist, is another option; it has been 
proven effective in patients with CD, with similar 
remission rates as anti-TNF.

When immunosuppressive therapy fails, dos-
age and application intervals should be optimized 
before changing to another drug.

15.6	 �Surgery

15.6.1	 �Indications for Surgery

The majority of patients with CD (80–90 %) will 
have to be operated on at some time over the 
course of their disease, and although medical 
therapy has become more aggressive, this rate 
does not seem to have gone down significantly in 
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the past 20  years. About 50 % will have to be 
operated on a second time within another 
5–10 years. Newer studies suggest that this reop-
eration rate may have gone down to around 25 % 
but data are conflicting.

Surgery is generally only indicated when com-
plications occur, or when the symptoms are not 
adequately controlled by medication or the medi-
cation causes side effects, resulting in a deteriora-
tion of quality of life. Isolated symptomatic 
ileocecal CD is the one entity (other than emergen-
cies or cancer) where primary resection is regarded 
as equivalent to the escalation of medical treat-
ment (i.e., immunosuppression), as most of these 
patients will have to be operated on in the near 
future anyway, the operation has a low morbidity, 
symptoms are relieved quickly, and, most impor-
tant, more than 50 % of patients will not require 
further treatment postoperatively or another opera-
tion for a long time (≥10 years). Therefore, guide-
lines recommend that patients with isolated 
ileocecal CD be counseled in regard to surgery as 
a viable primary alternative to medical treatment.

Only around 5 % of patients have to be oper-
ated on as an emergency, the most common rea-
son being complete bowel obstruction, toxic 
megacolon, perforations (Fig. 15.7), and, rarely, 
bleeding.

Indications for surgery:
•	 Stenosis
•	 Fistula
•	 Abscess
•	 Dysplasia
•	 Cancer (small bowel or colonic)
•	 Emergency

–– Bowel obstruction
–– Perforation
–– Bleeding
–– Toxic megacolon

In CD, the line between absolute and relative 
indications for surgery is sometimes indefinite. 
Obviously, cancer, high-grade dysplasia, and 
emergencies are absolute indications, but in all 
other situations, indications for surgery may not 
be so clear and may change depending on the 
clinical situation. For example, a patient may 

present with manifest bowel obstruction, but 
after bowel rest, parenteral nutrition, and anti-
inflammatory treatment (e.g., steroids), this may 
completely resolve; after adequate medical treat-
ment, this patient may not need an operation for a 
long time. Or, after draining an abscess interven-
tionally (guided by ultrasound or CT) and antibi-
otic treatment patients may recover so well that 
an operation is not immediately necessary. 
Whether an operation is indicated at all after suc-
cessful drainage is controversial. Most guidelines 
recommend resection (with a low level of evi-
dence) in an elective setting, arguing that the 
abscess will recur in around 50 % of patients.

With regard to fistulas, the principle is that 
asymptomatic fistulas generally do not require 
surgery, whereas early surgery should be consid-
ered for symptomatic fistulas. Enterovesical and 
blind-ending retroperitoneal fistulas are absolute 
indications for surgery.

Enterocutaneous and high interenteric fistulas 
may also present as absolute indications for sur-
gery if they result in the loss of a large amount of 
fluid, severely affected skin, or a functional short-
bowel syndrome (Fig. 15.8, Table 15.2).

As a general rule, stenoses are an indication 
for invasive treatment if they are indeed symp-
tomatic and do not respond to medical therapy. 
Short stenoses (up to 5 cm long) can be treated by 
dilatation if they are accessible by endoscopy. 
Although results after surgical treatment with 
regard to morbidity and restenosis rates are com-
parable with those after endoscopic dilatation, 
there is growing consensus that a short stenosis 

Fig. 15.7  Sigmoid perforation in severe Crohn’s colitis 
(“fat creeping”; arrow) with fecal peritonitis
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should probably be treated first by endoscopy 
(the exception is isolated short ileocecal stenosis 
as discussed before) [9].

15.6.2	 �Surgical Principles

There is ample level-I evidence that extensive 
resection has no benefit over limited resection 
with regard to recurrence. Therefore, to reduce 
the risk of short-bowel syndrome, only the 
affected bowel should be resected, without the 
relevant safety margins of unaffected tissues. 
However, anastomosis should not be performed 
in inflamed tissue because it may increase the 
risk of leakage. If there is extensive disease, how-
ever, the portion of the affected bowel not respon-
sible for the patient’s symptoms may sometimes 
have to be left in situ.

Stenosis can be treated by strictureplasty or 
resection; the recurrence rates in the available 
low-evidence studies (nonrandomized with a 
high selection bias) are not significantly different 
between the two groups (reoperation rates of 
around 50 % within 10  years). Strictureplasty 
should be the preferred choice because no bowel 
is resected, but it can be contraindicated or is 
often not technically feasible because of severe 
inflammatory thickening of the wall or fistulas in 
the affected bowel (Fig. 15.9).

Generally, classical strictureplasty is recom-
mended only for a stenosis with a maximal length 
of 10–15 cm. The most commonly used stricture-
plasty according to Heinicke-Mikulicz, as an 
example, is generally restricted to stenoses of up to 
10 cm (Fig. 15.10a, b). With newer techniques such 
as the side-to-side isoperistaltic strictureplasty 
according to Michaelassi, much longer stenosis 
(≥50 cm) can be treated (Fig. 15.11a, b) [10].

Treatment of colonic stenoses with stricture-
plasty is generally not recommended because 
there is always a concern of malignancy. 
Technically, however, this can be done and is jus-
tified in selected cases where a resection may 
contribute greatly to an already poor functional 
result (e.g., larger parts of the colon were previ-
ously resected).

In several small-bowel stenoses following 
each other (“skip lesions”), treatment greatly 
depends on the length of unaffected bowel in 
between each lesion and the remaining bowel 
length. It makes little sense to perform several 
strictureplasties within a small distance if the 
lesions could be resected completely in a small 
segment of bowel with a single anastomosis. The 
same applies to resections; here also several 
anastomoses within a short distance, only make 
sense if the patient has a relevant risk of short-
bowel syndrome. If the clinical significance of a 
stenosis remains unclear intraoperatively, a Foley 
catheter can be passed through a small enterot-
omy to evaluate the inner bowel diameter or, 
alternatively, intraoperative endoscopy can be 
done.

In the case of a fistula, the strategy depends on 
whether the fistula arises from an inflamed bowel 

Fig. 15.8  High-flow enterocutaneous fistula (arrow at 
the cutaneous opening) with severely affected skin (intra-
operative view after excision of the fistula, including the 
affected skin; forceps were placed in one of the fistulas 
among a whole system of fistulas arising from the small 
bowel)

Suspicion of or malignancy

Phlegmonous bowel or fistula

Colonic stenosis

Bleeding as indication for surgery

Thickened bowel wall

Massive dilatation

AbsoluteAbsolute

RelativeRelative

Fig. 15.9  Contraindications for strictureplasty
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or merely penetrates the bowel secondarily, with-
out the bowel being affected by CD. The latter 
type of fistula can be excised and closed using 
sutures; a fistula originating from inflamed bowel 
needs to be treated with resection of the bowel 
including the fistula.

The technique used to fashion an anastomo-
sis remains controversial. Previous small, case-
control studies suggested that a stapled, wide 
side-to-side anastomosis may result in less 
restenosis and also has a lower leak rate. A 
large randomized controlled trial, however, did 
not show any differences [11]. Therefore, no 

specific method of performing anastomosis can 
be recommended; the surgeon can choose 
freely. If the bowel parts to be anastomosed 
have a large difference in diameter, an end-to-
side or side-to-side construction seems advan-
tageous (Fig.  15.12a–c). Newer, innovative 
techniques such as the Kono anastomosis, 
which is essentially the combination of a stric-
tureplasty with an end-to-end-anastomosis, 
need to be tested in controlled studies in order 
to judge their efficacy [12].

In localized colonic stenosis, segmental resec-
tion with narrow margins to the unaffected bowel 

a b
Fig. 15.10  (a, b) 
Schematic illustration of 
strictureplasty according 
to Heinicke-Mikulicz  
(a longitudinal incision,  
b vertical closure)

a b
Fig. 15.11  (a, b) 
Schematic illustration of 
strictureplasty according to 
Michaelassi (a longitudinal 
incision after transverse 
dissection, b side-to- 
sideanastomosis)
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is the procedure of choice. The use of more radi-
cal resections such as subtotal colectomy to 
reduce recurrence rates has not been shown to be 
significantly advantageous, especially when con-
sidering quality of life [13]. In extensive Crohn’s 

colitis, the type of procedure greatly depends on 
the distribution of the disease. If the rectum is 
spared, as often is the case in CD, subtotal colec-
tomy with ileorectostomy may be an option. But 
here again, quality of life depends on whether 

a

c

b

Fig. 15.12  Side-to-side stapled anastomosis (ileocecal 
anastomosis) with an ILA-100. (a) Longitudinal stapling. 
(b) Transverse stapling. (c) Completed anastomosis after 

stapling before sewing over the transverse staple line 
(inverted running suture) and securing the bottom staple 
line (arrow) with two interrupted sutures

P. Kienle



189

perianal disease is present and on sphincter func-
tion. In the case of Crohn’s colitis without peri-
anal disease and without an affected small bowel, 
which is rare, restorative proctocolectomy can be 
discussed, but pouch failure is significantly more 
common here than in ulcerative and indetermi-
nate colitis.

In the case of dysplasia (which needs to be 
confirmed by a second pathologist) or cancer of 
the small bowel, oncological radical resection of 
the affected segment is mandatory. There is con-
troversy over whether oncological segmental 
resection of the colorectum (hemicolectomy, sig-
moid or rectal resection) is indeed appropriate. 
Especially in long-standing Crohn’s colitis, the 
pathogenesis of malignancy is comparable to that 
in ulcerative colitis, and here oncological procto-
colectomy is recommended. On the other hand, 
whereas in ulcerative colitis with cancer or dys-
plasia a permanent stoma can often be avoided by 
performing an ileoanal pouch, this option is nor-
mally not possible in CD (see above). Patients are 
generally reluctant to accept a lifelong end-
ileostomy. Guidelines have left this issue unre-
solved. In our practice, if high-grade dysplasia or 
cancer is confirmed in different locations of the 
colon and rectum, and if no contraindication for 
an ileoanal pouch is present, we recommend 
oncological proctocolectomy as a restorative 
procedure.

15.6.3	 �Risk Factors and Surgical 
Strategy

Because of the growing spectrum of medications 
for treating CD, surgery is often only regarded as 
a last resort. This results in patients often coming 
to surgery in a poor nutritional status and immu-
nocompromised. In these cases, adequate prepa-
ration and more conservative surgery can reduce 
perioperative complications. Serum albumin con-
centrations as a surrogate marker for nutritional 
status have been shown to adequately predict 
complications, the cutoff being between some-
where between 30 and 35 mg% [5]. In our owen 
practice this cutoff point is 30 mg%. Supplemental 
enteral (e.g., protein shakes) and possibly also 

parenteral nutrition should be given for at least 
1  week (often a considerably longer period is 
necessary) before surgery to improve nutritional 
status. Steroids should be weaned, ideally to less 
than 10 mg Decortin (prednisone). There remains 
controversy about immunosuppressants: stop-
ping azathioprine is generally not recommended, 
but evidence is poor. Nonetheless, the most valid 
case-control study looking at a homogenous 
group of patients indeed showed a significant 
effect of azathioprine on perioperative local sep-
tic complications [14]. However, as effective 
drug concentrations persist for a long time, inter-
ruption of this treatment is probably not of any 
value. The data on biologicals are conflicting; 
however, the majority of recently published 
meta-analyses (five of six published between 
2012 and 2014) indeed showed an association of 
perioperative complications with anti-TNF use 
[15]. Therefore, it seems prudent to operate at the 
end of the treatment interval (a minimum of 
3  weeks after the last application, preferably 
4 weeks) or, if possible, even to interrupt treat-
ment. In our experience, the overwhelming 
majority of operations can be postponed so that 
nutritional status can be improved, steroids can 
be weaned, and an adequate interval to the last 
application of biological treatment can be 
achieved. This concept has also been successful 
in other hands [16]. If this is not possible (emer-
gency) or the patient’s poor condition persists, 
surgery should be adapted to the situation. 
Primary anastomoses should either be protected 
by diversion (protective stoma) or not done at all; 
in the latter a resectional stoma after bowel resec-
tion is a good option (instead of a Hartmann 
procedure).

15.6.4	 �Minimally Invasive Surgery

Virtually all abdominal procedures in CD can be 
performed laparoscopically. There is level-I evi-
dence supporting the laparoscopic approach for 
ileocecal resection, since patients recover more 
quickly and complications are not increased and 
are possibly fewer compared with conventional 
surgery [17]. Obviously, patients operated on 
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laparoscopically have a better cosmetic result 
(Fig. 15.13), but the duration of the procedure is 
significantly longer. There is a relevant conversion 
rate of around 5–20 %, which depends on patient 
selection and surgical expertise. There are no lon-
ger any absolute contraindications to laparos-
copy, but there are several relative 
contraindications that need to be considered 
(Table 15.5). It is obviously not sensible to do a 
difficult dissection through a minimally invasive 
procedure to then make a large incision to extract 
a bulky conglomerate (Fig. 15.14) 15.5.

15.6.5	 �Perianal Disease

Around 25–35 % of patients with CD develop 
perianal disease. This includes abscesses, fistulas, 
fissures, ulcerations, and skin tags (Fig. 15.15).

Perianal disease is diagnosed on the basis of 
inspection, digital rectal examination, and proc-
toscopy; the latter often has to be done under 

anesthesia because it is painful. Other useful 
investigations are endosonography (in case of fis-
tulas, abscesses or sphincter defects, but not 
always possible, especially when there is a steno-
sis) and MRI.  Fistulography is now considered 

Fig. 15.13  Cosmetic result 3  days after laparoscopic 
ileocecal resection (bowel was harvested through an 
umbilical incision)

Table 15.5  Relative contraindications to performing 
laparoscopic procedures in Crohn’s disease (listed from 
more relevant to less relevant)

Extensive previous abdominal surgery
Conglomerate tumor
Extensive intra-abdominal fistulization
Malignancy
Poor general condition

Fig. 15.14  Bulky small-bowel conglomerate in Crohn’s 
disease

Fig. 15.15  Anal inflammation in Crohn’s disease with 
skin tags
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obsolete. CT still has a limited role in diagnosing 
abscesses, especially when MRI is not available. 
Anorectal manometry may be of some use in 
patients with incontinence, although differentia-
tion of clinically continent and incontinent 
patients on the basis of manometry values is only 
moderate.

Several classifications can be used to catego-
rize perianal disease and especially fistulas. The 
Perianal Disease Activity Index assesses the clin-
ical activity of perianal disease in CD [18] and 
includes the evaluation of five aspects: fistula dis-
charge, pain and restriction of activities, restric-
tion of sexual activity, type of perianal disease, 
degree of induration.

The most commonly used classification of fis-
tulas is undoubtedly the Parks classification, 
which categorizes fistulas according to their ana-
tomic localization with regard to the anal sphinc-
ter complex: intersphincteric, transsphincteric, 
suprasphincteric, or extrasphincteric (Fig. 15.16). 
However, because fistulas in CD are often diffi-
cult to classify, a simpler classification by the 
American Gastroenterological Association dif-
ferentiates between “simple” and “complex” fis-
tulas [19] (Table 15.6).

Simple fistulas are low, with no further mani-
festation of the disease (especially no relevant 

proctitis), and do not affect larger portions of the 
sphincter, therefore allowing a simple excision or 
“laying open” surgical technique. Obviously, 
these fistulas have a low rate of recurrence: 
around 20 % within 5  years after surgery. 
Complex fistulas are high, occurring above the 
dentate line (intersphincteric, transsphincteric, 
extrasphincteric, suprasphincteric), with many 
external openings (Fig. 15.17), and may be asso-
ciated with perianal abscesses, rectal stricture, 
proctitis, or connection with the bladder or 
vagina.

The fistula drainage assessment has been pro-
posed to quantify fistula healing and has been 
used to standardize the clinical assessment of 
perianal disease in clinical trials. The presence of 
purulent drainage after gentle compression using 
a finger is considered as an index of activity; on 
the other hand, the absence of drainage is defined 

1
2

3

Extrasphincteric

Suprasphincteric

Submucosal Intersphincteric

Low
transphincteric

High
transsphincteric

Fig. 15.16  Parks 
classification of perianal 
fistula: intersphincteric, 
transsphincteric, supra-
sphincteric, extrasphinc-
teric (1 internal sphincter,  
2 external sphincter,  
3 puborectal sling)

Table 15.6  Simple versus complex perianal fistulas in 
Crohn’s disease

Simple Complex

Single opening several openings

low fistula high fistula

no other perianal manifestation other perianal manifestations
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as remission. Clinical response is defined as a 
reduction of 50 % or more in the number of drain-
ing tracts. Finally, if no pus drains after compres-
sion, the fistula is considered closed [20].

An algorithm for how to proceed in patients 
with perianal fistulas in CD is given in Fig. 15.18. 
Perianal fistulas have to be drained, as in patients 
without CD.  Only submucosal, subcutaneous, 
low intersphincteric, and low transsphincteric 
fistulas can be laid open. High transsphincteric 
and complex fistulas should primarily be treated 
with (noncutting) setons. Any surgery more 
extensive than seton placement needs to be 
weighed carefully against the failure rate and 
against the risk of iatrogenic sphincter injury 
with concomitant stool incontinence. Patients 
with CD often fare well with setons, showing few 
symptoms and good quality of life.

Any reconstructive surgery only makes sense 
if there is little or no proctitis. Initial studies with 
the fistula plug suggested high healing rates, but 
newer studies show disappointing closure rates. 
Nonetheless, because continence is usually not 
compromised by the procedure, it is a potential 

option. Flaps (especially a mucosal flap) are gen-
erally considered as primary options to close 
higher fistulas. Graciloplasty has proven success-
ful in about 80 % of patients with rectovaginal 
fistulas with a large defect or patients with recur-
rent rectovaginal fistulas. For all reconstructive 
procedures in complex fistulas, however, patients 
have to be counseled that only about half of the 
fistulas will indeed remain healed over a long 
period of time (5 years) [21]. Adequate medical 
treatment is therefore mandatory in patients with 
severe perianal disease.

If closure of a complex fistula is intended, a 
defunctioning stoma can, in our experience, be 
of value, especially in cases where previous 
repairs have already failed. However, evidence 
for this is low. The choice of stoma depends on 
the distribution of the disease. Functionally, a 
sigmoidostomy is obviously the best option. But 
in the case of inflammation of the large bowel, 
complications such as stoma fistulas or stenosis 
are likely, and then an ileostomy is the better 
option. If a defunctioning stoma is constructed, 
we prefer to close the efferent limb directly 
under the abdominal wall, creating an end stoma 
to completely prevent the passage of stool into 
the anal region. This also has the advantage of 
lower rates of stoma herniation or prolapse com-
pared with loop stomas. Many patients with 
complex perianal disease try to avoid a stoma at 
all costs. It is easier to convince patients to have 
a temporary stoma constructed; then, when they 
realize the advantages of a stoma (e.g., often 
improved quality of life), many want to keep the 
stoma or even agree to the construction of a per-
manent stoma.

Proctectomy may be indicated as a final solu-
tion in severe perianal disease. In such cases a 
partially sphincter-preserving procedure (in the 
same plane as intersphincteric resection, but 
including sphincterotomy to warrant adequate 
postoperative drainage) with excision of the fistu-
las and omentoplasty seems advantageous com-
pared with abdominoperineal resection. Not only 
is the outward anatomy preserved, which is 
undoubtedly an advantage in these often young 
patients, but usually there is no large perineal 
defect that may result in a nonhealing sinus.

Fig. 15.17  Complex fistula in Crohn’s disease
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In conclusion, complex fistulas in CD are dif-
ficult to treat and healing rates are moderate. 
Therefore, these complex cases should be treated 
in specialist centers if reconstructive procedures 
are planned.

15.6.6	 �Special Aspects

15.6.6.1	 �Volume Aspect/Specialist 
Institution

Several studies have shown that patients with CD 
benefit from interdisciplinary teams. There is 
now also increasing evidence that outcomes with 
regard to morbidity and mortality are signifi-
cantly better if patients undergoing surgery for 

CD are treated at a high-volume hospital [22]. 
Therefore, especially complex cases should pref-
erably be treated in specialist centers.

15.6.6.2	 �Cancer
The risk for small-bowel cancer is tremendously 
increased in CD, but it is still a rare event. 
Because symptoms are very similar to those of an 
inflammatory or fibrotic stenosis, the diagnosis is 
often made late, which is probably the major rea-
son why the prognosis is poor [23]. However, 
because of the rarity of small-bowel cancer, spe-
cific surveillance measures are not indicated. In 
the case of a Hartmann’s situation, bypassed 
bowel (a situation which should be strictly 
avoided in the surgery of Crohn’s disease), or 

Perianal fistula in Crohn’s disease

Examination and Proctoscopy

MRI or EUS (if possible)

Complex fistula Complex or Simple fistula Simple fistula

Without active proctitis With active proctitis Without active proctitis

Antibiotics or
Azathioprin or
Anti-TNF-AB

Antibiotics or
Azathioprin or
Anti-TNF-AB

+ +

Flap-procedure
Graciloplasty
Fistula plug

Seton Fistula excision/ “Lay open” 

Consider protective or Permanent stoma

Ultima ratio: Proctectomy

Optional:
Antibiotics or
Azathioprin or
Anti-TNF-AB

Fig. 15.18  Modified American Gastroenterological Association algorithm to treat perianal fistulas in Crohn’s disease 
(abscesses have to be adequately drained before implementation) [19]
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long blind limbs, treating physicians should be 
aware that cancer can also arise here. If in doubt, 
endoscopy with biopsies (if the region is acces-
sible) or MRI/CT are options to investigate 
potential malignancy.

The risk of colorectal cancer in Crohn’s colitis 
is probably nearly equal to or as high as that in 
ulcerative colitis, and the prognosis in most series 
is poorer. Therefore, it is sensible to adhere to the 
guidelines recommended for ulcerative colitis, 
for example, yearly colonoscopies with random 
biopsies or, alternatively, chromoendoscopy-
guided biopsies in patients with long-standing 
Crohn’s colitis (from the 15th year of diagnosis) 
or pancolitis (from the 8th year) [7]. In patients 
with sclerosing cholangitis, endoscopic surveil-
lance should be started directly after diagnosis.

Anal adenocarcinoma (often associated with a 
fistula) and squamous cell anal cancer are more 
common among patients with CD than the nor-
mal population but overall are rare events [24]. 
Again, the prognosis for both entities is poor, and 
early radical excision with abdominoperineal 
excision and flap coverage (we prefer a rectus 
abdominis flap) is the procedure of choice. 
Neoadjuvant or adjuvant treatment may be indi-
cated, depending on the stage. If long-standing 
fistulas persist, regular biopsies are mandatory to 
rule out cancer.

15.6.6.3	 �Pregnancy and Fertility
Patients wanting to become pregnant should be in 
clinical remission, as active disease reduces fer-
tility and increases the risk for premature birth 
and miscarriage. If patients have active disease 
while trying to become pregnant, the active dis-
ease will persist or the status may even deterio-
rate in around two-thirds of patients. As a 
consequence, current guidelines do not support 
the cessation of medical therapy in patients want-
ing to become pregnant except for methotrexate, 
which has been proven to be teratogenic and to 
have embryotoxic effects [25]. All other treat-
ments (azathioprine, biologicals, steroids, 
mesalazine) should be continued during preg-
nancy because disease relapse is considered more 
harmful to the pregnancy and the unborn child 
than the potential effects of the medication.

For men wishing to father a child, sulfasala-
zine should be discontinued and, if necessary, 
switched to another drug because it can cause 
reversible infertility by lowering sperm quality.

During breastfeeding, mesalazine and ste-
roids can be continued safely under supervision. 
All other drugs, such as azathioprine and bio-
logicals, the situation is somewhat unclear; 
these drugs go into the breast milk and may 
harm the baby. Whether to discontinue treat-
ment or cease breastfeeding must be weighed 
carefully with regard to the advantages and dis-
advantages of each.
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Indeterminate Colitis

Tom Øresland

The term indeterminate colitis first appeared in 
1970 when Kent et al. [1] retrospectively studied 
the clinical features and microscopic appearance 
of colectomy specimens from 222 patients, most 
of whom underwent surgery for chronic colitis. 
They found that 14 cases could not be properly 
diagnosed according to the classical morphologi-
cal criteria and had overlapping features of both 
diagnoses; these were labeled as “indeterminate 
colitis.” Some years later, in 1978, the occurrence 
of indeterminate cases was confirmed in another 
study looking at surgical resection specimens [2]. 
The main reason for this uncertainty was that 
some specimens had transmural inflammation 
and deep ulcers and fissures extending into the 
muscularis propria, but they did not show granu-
lomata and the lymphoid hyperplasia associated 
with Crohn’s disease. The existence of this diag-
nostic dilemma was generally accepted but had 
limited implications in terms of its influence on 
treatment options. Pharmacological treatment 
was not that advanced and was mainly based on 
sulfasalazine and steroids. With the general intro-
duction of colonoscopy with biopsies for the 

diagnosis of inflammatory bowel disease (IBD)–
related colitis, pathologists have agreed that his-
tological changes in mucosal biopsies alone are 
insufficient for a diagnosis of an indeterminate 
colitis. The term IBD unclassified has been 
agreed on for use in patients not yet operated on 
and for whom a definite diagnosis cannot be 
established [3, 4]. Pharmacological treatments 
have recently become more advanced and diverse, 
but patients with IBD colitis have all been treated 
in much the same way; there has not been a need 
for special treatment algorithms for patients with 
indeterminate colitis.

Since the early 1970s, the surgical treatment 
of IBD colitis has evolved toward continence-
preserving operations, initially with the continent 
ileostomy. The type of colitis is not a major con-
cern as long as patients do not demonstrate dis-
ease activity in the small bowel [5]. There has, 
however, been particular concern regarding 
restorative proctocolectomy in patients with a 
diagnosis of indeterminate colitis because not 
only might Crohn’s colitis extend into the small 
bowel, thus risking the loss of a substantial length 
of bowel (including that used for the pouch), but 
also the risk of perianal disease with fistula for-
mation, especially with Crohn’s disease located 
in the rectum. Fistulating Crohn’s disease in 
patients with an ileal pouch is most debilitating 
because continence is often at a borderline level 
[6], and adding perianal sepsis often leads to 
pouch failure.
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16.1	 �What Is the Etiology 
of Indeterminate Colitis?

The etiology of IBD is still unknown, although 
the understanding of the disease’s mechanisms is 
increasing. The phenotypes of Crohn’s disease 
are many, and there is a debate over whether there 
are several Crohn’s disease genotypes. Disease 
distribution can change over time, and early onset 
(during childhood) Crohn’s disease may pro-
gresses differently and more aggressively com-
pared with late-onset disease [7, 8]. For ulcerative 
colitis, the extent and progression of inflamma-
tion differs widely between individuals, and there 
are also special cases with only left-sided colitis 
in combination with localized inflammation of 
the appendix or cecum. There are microscopic 
colitis types with collagen or lymphocyte infiltra-
tion of the submucosa. In some patients the diag-
nosis shifts between most of these diagnoses, in 
whom the long-term course is unpredictable.

It is generally accepted that IBD results from 
negative interplay involving the gut immune sys-
tem;, the mucosal barrier, including the mucus layer; 
the environment represented by the gut bacteria and 
ingested nutrients; and finally the genome [9]. 
Notwithstanding the overwhelming volume of 
research in genetics during the past three decades, in 

clinical practice there has been few benefits for 
patients. Genome-wide array studies have identified 
more than 200 genes associated with IBD, the 
majority related to Crohn’s disease but a good pro-
portion also in ulcerative colitis; abnormalities in 
some genes are seen in both diseases [10, 11]. There 
are as yet no absolute connections between gene 
mutation and disease expression in an individual. 
The most obvious example of this is the 
NOD2/Card15 gene in Crohn’s disease; although it 
was initially thought to be highly associated with the 
disease, later studies showed that certain populations 
(e.g., in Scotland and Scandinavia) almost totally 
lack this gene [9, 12]. Thus it is no surprise that some 
patients have colitis with morphological findings 
that do not fit into current classification systems.

16.2	 �Can We Improve on Defining 
a Diagnosis?

The differential diagnosis for IBD is based not 
only on morphology – although the pathologist 
mostly has the last word. Clinical features, clini-
cal course, macroscopic distribution on endos-
copy, and the surgical specimen all have a bearing 
on the final diagnosis. Tables 16.1 and 16.2 sum-
marize the clinical and morphological differences 

Table 16.1  Macroscopic features used for the diagnosis of inflammatory bowel disease

Ulcerative colitis Crohn’s disease

Localization within gastrointestinal 
tract

Especially colon and rectum Whole gastrointestinal tract

Ileum Not except in backwash ileitis Often involved
Colon Left > right Right > left
Rectum Commonly involved Typically spared
Distribution within gastrointestinal 
tract

Diffuse (continuous) Segmental (discontinuous)

Ulcers Superficial ulcers Aphthous ulcers; confluent, deep, 
linear ulcers

Pseudopolyps Common Uncommon
Skip lesions Absent Present
Cobblestone pattern Absent Present
Deep fissures Absent, except in fulminant colitis Present
Fistulae Absent, except in fulminant colitis Present
Mucosal atrophy Marked Minimal
Thickness of the wall Normal Increased
Fat wrapping Absent Present
Strictures Uncommon Present

From Ref. [13], reproduced with permission from Elsevier
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between a clear-cut diagnosis of ulcerative colitis 
and Crohn’s colitis [13].

These tables illustrate that differentiating 
between ulcerative colitis and Crohn’s disease is 
not always easy. It is obvious that few patients 
will fit exactly into this classification system, and 
there is no consensus on the number of features 
needed for one diagnosis or the other. Some 
pathologists also tend to subdivide indeterminate 
colitis into that which is more like ulcerative coli-
tis and that which is more like Crohn’s disease 
[14]. It is also recognized that indeterminate coli-
tis more frequently occurs among children than 
adults [7, 15].

There has been some expectation that biologi-
cal markers will aid in differentiating between 
the two diagnoses. Perinuclear antineutrophil 
cytoplasmic antibody is a marker for ulcerative 
colitis but is only present in approximately 60 % 
of cases and is not considered to be of value in 
the differential diagnosis. Other biological mark-
ers (e.g., anti–Saccaromyces cerevisiae antibody) 
are no better, and just as with genome studies 
they are not widely used clinical practice [16–
18]. However, positive serology preoperatively 
may identify patients who are likely to develop 

pouchitis after an ileal pouch–anal anastomosis 
(IPAA) [19]. Good endoscopy with multiple 
biopsies from all levels of the colon and rectum, 
and the opinion of a skilled, dedicated IBD 
pathologist, is currently the best means of accu-
rate diagnosis. This results in a small percentage 
of patients with indeterminate colitis; however, 
most eventually behave as having ulcerative coli-
tis and only a few develop overt Crohn’s disease 
[20]. A better understanding will determine 
whether indeterminate colitis is a separate 
pathological entity or simply a stage in the pro-
gression toward one of the classical IBD 
diagnoses.

16.3	 �Surgery in a Patients 
with Indeterminate Colitis

Several large series of restorative pouch surgery 
indicate that a diagnosis of indeterminate colitis is 
compatible with successful IPAA [21]. The risk of 
pouch failure is not substantially increased, but a 
tendency for more complications has been noted 
in some studies but not others [22]. A group from 
the Mayo Clinic initially reported a slightly higher 

Table 16.2  Microscopic features used for the diagnosis of inflammatory bowel disease

Ulcerative colitis Crohn’s disease

Crypt architectural irregularity Diffuse (continuous) Focal (discontinuous)
Chronic inflammation Diffuse (continuous); decreases 

proximally
Focal (discontinuous); variable

Patchiness Uncommon Common
Localization Superficial

Transmucosal
Sometimes in submucosa

Transmural

Serositis Absent, except in fulminant colitis Present
Lymphoid aggregates Frequent in mucosa, submucosa Common, transmural
Granulomas Absent, except with ruptured cysts Present
Acute inflammation Diffuse (continuous) Focal (discontinuous)
Crypt epithelial polymorphs Diffuse (continuous) Diffuse (continuous)
Crypt abscesses Common Uncommon
Mucin depletion Present, pronounced Uncommon, mild
Neuronal hyperplasia Rare Common
Muscular hypertrophy Absent Present
Paneth cell metaplasia Present Uncommon
Pyloric gland metaplasia Rare Present

From Ref. [13], reproduced with permission from Elsevier
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failure rate in patients with indeterminate colitis 
[23]; however, data from the Cleveland Clinic 
show no differences with respect to functional 
outcomes or complication rates [24]. The St. 
Mark’s Hospital experience is that as long as inde-
terminate colitis does not have features favoring 
Crohn’s disease, there are no differences in failure 
rates or functional outcomes [14]. Today, most 
surgeons would agree that  – notwithstanding a 
slight uncertainty regarding an increased risk of 
pouch failure –advising patients with indetermi-
nate colitis to consider having IPAA is justified 
[25]. In terms of risks for developing pouchitis 
and cancer, there seem to be no major differences 
compared with ulcerative colitis [26].

Yet a dilemma remains: operating on patients 
with IBD unclassified does not automatically 
infer that the pathologist’s report will conclude a 
diagnosis of indeterminate colitis. The preopera-
tive diagnosis is based on mucosal biopsies, 
whereas the colectomy specimen provides full-
thickness material, and the diagnosis may turn 
out to be Crohn’s disease. With this in mind, most 
surgeons recommend a staged procedure, with a 
colectomy and end ileostomy as the first step. 
This has the advantage of giving the pathologist a 
better basis for a definitive diagnosis. In the case 
of Crohn’s colitis and a patient wishing for a 
restorative option, the indication for performing 
an ileorectal anastomosis is stronger, provided 
the rectum is reasonably healthy. Other alterna-
tives include proctectomy and ileostomy, a conti-
nent ileostomy, and expectant, keeping the 
rectum under surveillance.

In indeterminate colitis the options of an ileo-
rectal anastomosis or an IPAA must be thor-
oughly discussed with the patient based on 
several factors, which must be weighed against 
each other. The pathologist might be inclined 
toward one or another diagnosis. The rectum 
itself must be assessed as early as possible after 
colectomy; waiting too long often results in a 
diversion (exclusion) proctitis that can be diffi-
cult to distinguish from ongoing IBD. Proctitis of 
some severity, especially with signs of reduced 
rectal compliance, makes ileorectal anastomosis 
a less attractive or even impossible alternative. 
My practice is to recommend treatment with 

local rectal 5-aminosalicylic acid after colec-
tomy – at least until a definite decision on a next 
step has been made. In ulcerative colitis, and 
hence more so in indeterminate colitis, an ileo-
rectal anastomosis is an alternative to proctec-
tomy and a pelvic pouch in select cases. The most 
obvious is female patients with a strong wish for 
childbearing; ileorectal anastomosis avoids pel-
vic dissection to minimize the risk of adhesions 
affecting the fallopian tubes [27, 28]. Some male 
patients also absolutely cannot accept even a 
minute risk of iatrogenic sexual dysfunction. In 
the elderly, the reduced overall surgical risk 
involved in an ileorectal anastomosis and the pos-
sible worse functional outcome after IPAA might 
lead patients to choose the rectum-sparing 
alternative.

The downside of ileorectal anastomosis is the 
need for continuous cancer surveillance and pro-
phylactic medical treatment to minimize the risk 
of dysplasia and recurrent or worsening disease. 
This risk for patients with ulcerative colitis is 
estimated at a 50 % chance of retaining the rec-
tum 10  years [29–31]. There are no such esti-
mates for indeterminate colitis, but one might 
think that the prognosis is not worse. With IPAA, 
the risk of pouchitis is high, but it mostly responds 
well to treatment and is seldom a cause for pouch 
failure. There are no good data on the risk of pou-
chitis in those with indeterminate colitis.

The functional outcome after IPAA does not 
differ significantly from that of ileorectal anasto-
mosis. The life-time failure rate for IPAA is about 
15 %. The advantage is a cure for the disease and, 
in the absence of primary sclerosing cholangitis 
(PSC) and a history of dysplasia/cancer, there is 
no need for surveillance of a patient with an oth-
erwise well-functioning pouch. Knowing that the 
risk of complications may be increased in patients 
with indeterminate colitis, the above-mentioned 
aspects should be discussed with each patient, 
who of course has the final say in this choice. 
However, the way information is presented to the 
patient has a tremendous impact on this decision, 
so the burden lies heavily on the surgeon to give 
up-to-date and unbiased information.

Another situation may represent a diagnostic 
dilemma: when the outcome of pouch surgery is 
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not as good as expected, with pelvic and/or peri-
anal septic complications ending in difficult-to-
treat fistulas and failure. In these situations, 
irrespective of whether the working diagnosis 
was ulcerative colitis or indeterminate colitis, 
there is a tendency to convert the diagnosis to 
Crohn’s disease [32]. When something goes 
wrong, a surgeon wishes for an explanation  – 
preferably something other than surgical failure. 
In a patient with a diagnosis of indeterminate 
colitis who then develops perianal disease, there 
is a tendency to amend the diagnosis to Crohn’s 
disease; this is often readily supported by the 
pathologist. This may well be motivated and 
often correct; however, one should be aware of 
this potential bias because it may incorrectly 
increase the failure statistics for patients with 
IPAA and a final diagnosis of Crohn’s disease, 
since many patients with similar disease features 
may not have complications and thus do not have 
their diagnosis reassigned as Crohn’s disease.
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Diverticular Disease

Christoph Holmer and Martin E. Kreis

17.1	 �Etiology

Common theories with respect to the develop-
ment of diverticulosis focus on three areas: struc-
tural abnormalities of the colonic wall, disordered 
motility, and the role of dietary fiber. The colonic 
wall is weakest between the mesenteric and 
antimesenteric teniae, where the vasa recta pene-
trate the muscle. Microscopic studies have 
revealed muscle atrophy at these sites, which are 
naturally susceptible to herniation [1]. Diverticula 
often form at these areas of weakness, bulging 
through the circular muscle but rarely through the 
teniae.

In addition to structural changes in the colonic 
wall, altered colonic motility has been implicated 
in the development of diverticular disease. 
Contraction of the bowel wall subsequently 
causes locally increased intracolonic pressure, 
resulting in a functional obstruction. This seg-
mentation creates a driving force that causes vis-
ible distension of the local diverticula [2]. The 
high pressures resulting from segmentation in 
turn lead to focal muscular atrophy and subse-

quent mucosal herniation [3]. Pulsion diverticula 
occur most frequently in the sigmoid colon 
because the lumen of the colon is the narrowest 
there, resulting in the generation of the highest 
pressures.

Diverticular disease has been considered a 
disease of Western civilization; a large body of 
evidence supports the role of diet, particularly 
low fiber content, in the pathogenesis of diver-
ticular disease [4]. It has been proposed that such 
diets result in decreased fecal bulk; a narrowing 
of the colon and an increase in intraluminal pres-
sure also occur in order to move the smaller fecal 
mass. By contrast, a high-fiber diet results in 
increased fecal bulk and is associated with 
improved intestinal transit time, which is an 
important element of healthy bowel function [4].

Additional factors such as physical activity, 
smoking, genetics, and nonsteroidal anti-
inflammatory medications have also been linked 
to diverticular disease. The amount of physical 
activity and the risk of developing symptomatic 
diverticular disease are inversely related [4]. A 
relationship between smoking and the develop-
ment of diverticular disease could not be demon-
strated [5]. However, once patients develop 
diverticular disease, evidence suggests that 
smoking results in a higher susceptibility to com-
plications [6].

The presence of diverticula in children and 
young adults with Marfan syndrome or Ehlers-
Danlos syndrome, and the strong relationship 
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between polycystic kidney disease and 
diverticular perforation, suggest a possible 
genetic relationship [7]. Evidence suggests that 
chronic use of nonsteroidal anti-inflammatory 
medications is almost twice as common among 
patients with diverticular disease as it is in healthy 
controls with no known colonic disease [8]. 
Nonsteroidal anti-inflammatory drug use may 
also increase the risk of complications of diver-
ticulitis [9]. However, it has been shown that 
none of these factors alone can explain the devel-
opment of diverticular disease [16].

•	 The common theories with respect to the 
development of diverticulosis focus on three 
areas: structural abnormalities of the colonic 
wall, disordered motility, and the role of 
dietary fiber.

17.2	 �Epidemiology

The incidence of colonic diverticular disease is 
remarkably dependent on a patient’s age and 
nationality. Diverticular disease of the colon is 
common in developed nations; the highest 
prevalence is seen in the United States, Europe, 
and Australia [10]. The disorder is rare in rural 
Africa and Asia. Furthermore, westernized 
nations have high prevalences of left-sided 
diverticulosis. Right-sided diverticulosis, 
although rare among Western populations, is 
more common in Asia, where overall rates of 
diverticula are much lower. The presence of 
right-sided diverticula is considered a dis-
tinctly different disease from left-sided diver-
ticulosis, and is thought to be largely the result 
of genetic predisposition.

Industrialization and development have been 
shown to increase rates of diverticulosis [16]. Within 
a given country, the incidence of colonic diverticula 
can vary among ethnic groups. Among Chinese 
inhabitants of Singapore, incidence was reported to 
be 0.14 cases per 1 million population per year, ver-
sus 5.41 cases among Europeans [11]. Urbanization 
within a country over time can also lead to an 
increase in the prevalence of diverticulosis. Results 

of series studying symptomatic diverticular disease 
in Africa showed a growing incidence in increas-
ingly urbanized communities [12].

Rates of diverticulitis are also increasing. In 
Finland the incidence of diverticulitis has risen 50 % 
in the past two decades, largely because of reduced 
dietary fiber intake and an aging population [13].

The prevalence of diverticula in the colon 
increases substantially with age. Among those 
younger than age 30, only 1–2 % of patients have 
diverticulosis [14]. In early autopsy studies from 
the 1920s to the 1940s, the overall prevalence 
was reported as 2–10 % [15]. Prevalence increases 
to 50 % or even 66 % among patients older than 
80 years [1]. Approximately 10–25 % of patients 
with diverticulosis will develop diverticulitis 
[16]. The prevalence is similar in both sexes.

•	 The incidence of colonic diverticular disease 
increases substantially with age.

•	 Westernized nations have high prevalences of 
left-sided diverticulosis, whereas right-sided 
diverticulosis is more common in Asia, where 
overall rates of diverticula are much lower.

17.3	 �Classification

Diverticular disease can be classified as asymp-
tomatic diverticulosis, uncomplicated diverticuli-
tis, complicated diverticulitis, recurrent 
symptomatic disease, and diverticular hemor-
rhage. Most patients with anatomic diverticulo-
sis – around 75–80 % – will remain asymptomatic 
throughout their lifetime. Of the few who develop 
complications, diverticulitis  – and its sequelae 
such as abscesses, fistulas, or obstruction – is the 
most usual manifestation, followed by diverticular 
hemorrhage. Treatment recommendations include 
conservative approaches with observation and 
dietary modifications, along with antibiotic treat-
ment, abscess drainage, and surgery [17]. A dif-
ferentiated treatment depends on disease stage. An 
exact, comprehensive, and applicable classifica-
tion of the disease is a prerequisite before treat-
ment. 	 Despite its prevalence, a classification 
system for diverticular disease has yet to be 
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universally adopted. Since the traditional classifi-
cation for perforated diverticulitis was put forward 
by Hinchey et al. [18] in 1978 (Table 17.1), several 
modifications and new grading systems have been 
presented to display a more contemporary over-
view of the disease. In the German literature, the 
Hansen and Stock classification has been mainly 
used since 1998. This classification accounts for 
asymptomatic diverticulosis and complicated 
diverticulitis in different stages, depending on the 
severity of the complications [19] (Table  17.2). 
These aspects make it probably the most useful 
classification in clinical practice. However, it has 
rarely been adopted in the international literature. 
The wide use of computed tomography (CT) initi-
ated modifications to the Hinchey classification, 
but several new radiological classifications for 
diverticular disease were also developed. A publi-
cations on the role of CT in diverticular disease by 
Ambrosetti et al. [20] allocates diverticulitis into 

severe or moderate disease (Table  17.3). In this 
approach, CT guides physicians in the treatment of 
acute complications.

Unfortunately, these different classifications 
of diverticular disease have led to conflicting ter-
minology in the current literature. Moreover, 
none of the classifications seem to sufficiently 
embrace the entire spectrum of the clinical pre-
sentation of the disease. A new classification of 
sigmoid diverticulitis corresponding to the 
German guidelines for diverticular disease clas-
sification (GGDDC) [17] (Table 17.4) was pro-
posed at the end of 2013. This modern 
classification seems to form a sound basis for 
developing appropriate strategies to evaluate dif-
ferentiated treatment.

17.3.1	 �Asymptomatic Diverticulosis

Asymptomatic diverticular disease is frequently 
an incidental finding during the assessment of a 
patient for other reasons, such as routine screening 

Table 17.1  Hinchey classification

Stage Description

I Pericolic abscess or phlegmon
II Pelvic, intra-abdominal, or retroperitoneal 

abscess
III Generalized purulent peritonitis
IV Generalized fecal peritonitis

Table 17.2  Hansen and Stock classification [19]

Stage Description

0 Diverticulosis
I Acute uncomplicated diverticulitis
II Complicated diverticulitis
 � IIa Peridiverticulitis, phlegmonous diverticulitis
 � IIb Abscess diverticulitis, covered perforation, 

fistulation
 � IIc Free perforation
III Chronic recurrent diverticulitis

Table 17.3  Ambrosetti et al. classification [20]

Stage CT findings

Moderate 
diverticulitis

Localized sigmoid wall 
thickening (<5 mm), pericolic fat 
stranding

Severe diverticulitis Abscess, extraluminal air, 
extraluminal contrast

Table 17.4  German guidelines diverticular disease 
classification

Stage Description

Typ 0 Asymptomatic diverticulosis
Typ 1 Uncomplicated diverticulitis
 � Typ 1a Diverticulitis without peridiverticulitis
 � Typ 1b Diverticulitis with phlegmone
Typ 2 Complicated diverticulitis
 � Typ 2a Microabscess (<1 cm)
 � Typ 2b Macroabscess
 � Typ 

2c1
Purulent peritonitis

 � Typ 
2c2

Fecal peritonitis

Typ 3 Chronic diverticular disease
 � Typ 3a Symptomatic uncomplicated diverticular 

disease
 � Typ 3b Recurrent diverticulitis without 

complications
 � Typ 3c Recurrent diverticulitis with complications 

(stenosis, fistula)
Typ 4 Diverticular hemorrhage
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for colon cancer. No treatment or follow-up needs 
to be offered to this large population.

17.3.2	 �Uncomplicated Diverticulitis

Acute diverticulitis is usually associated with 
signs and symptoms of active inflammation. 
Patients present with abdominal pain in the left 
lower quadrant or suprapubic region. Pain is gen-
erally exacerbated by eating and diminished upon 
defecation or the release of flatus, which suggests 
colonic wall tension caused by higher-than-normal 
intraluminal pressure. Assessment can indicate 
fullness or mild tenderness in the left lower quad-
rant. Laboratory findings show increased infection 
values (C-reactive protein, leukocytes). The mor-
phologic correlate CT is bowel wall thickening 
(Fig. 17.1) or inflammatory infiltration of pericolic 

fat (Fig. 17.2). Patients with uncomplicated diver-
ticulitis can usually be treated conservatively. Few 
patients develop subsequent attacks or complica-
tions that necessitate surgery [21, 22].

17.3.3	 �Complicated Diverticulitis

In addition to the symptoms of uncomplicated 
diverticulitis, flank rebound or guarding may be 
detectable in patients with complicated diverticu-
litis. Generalized tenderness suggests a free colon 
perforation and peritonitis. Bacteria may breach 
the mucosa and extend the process through the 
full wall thickness, ultimately leading to perfora-
tion. The extent and localization of the perfora-
tion establish its clinical course. Microperforations 
can remain contained by pericolic fat and mesen-
tery and may cause small pericolic abscesses. 
Large perforations can result in an extensive 
abscess, which could continue around the bowel 
wall and form a large inflammatory mass or 
extend to other organs. Free perforation into the 
peritoneum, causing frank peritonitis, can be life-
threatening, but it is rare. The morphologic cor-
relates on CT are mesocolic or retroperitoneal 
abscess (Fig.  17.3) or an abscess in the minor 
pelvis, or free air (Fig.  17.4) and/or fluid. 
Complicated diverticulitis usually requires elec-
tive surgical intervention. Patients who present 
with diffuse peritonitis or free perforation require 
emergency surgery.

Fig. 17.1  Uncomplicated diverticulitis: bowel wall 
thickening (→)

Fig. 17.2  Peridiverticulitis/Phlegmon (→) Fig. 17.3  Complicated diverticulitis with abscess (→)
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17.3.4	 �Chronic Diverticular Disease

The clinical presentation of recurrent diverticular 
disease varies between mild and severe symptoms. 
The typical sign of chronic inflammation on CT is 
bowel wall thickening, sometimes with colonic 
stenoses or fistulas. However, multiple episodes of 
diverticulitis are not associated with increased 
mortality or an increased risk of complicated 
diverticulitis [21–23]. The potential risk of free 
perforation decreases with each previous episode 
of diverticulitis [23]. Therefore, recommending 
colectomy after the first episode of complicated 
diverticulitis is not justifiable based solely on the 
potential risk of free perforation. Greater consider-
ation should be given to the clinical course, symp-
toms (e.g., pain), the risk of recurrence, and the 
patient’s basic risk. The indications for operative 
intervention should be determined individually 
and with reference to the patient’s respective char-
acteristics (age, general condition, and number/
frequency of episodes of diverticulitis). In the case 
of recurrent diverticulitis with complications, such 
as stenoses (Fig. 17.5) or fistulas (Fig. 17.6), a sur-
gical treatment is usually necessary.

17.3.5	 �Diverticular Hemorrhage

Important lower gastrointestinal bleeding can be 
caused by diverticula, vascular ectasias, colitis, or 
neoplasms [24–26]. Diverticular sources have been 

reported to be the most typically identified cause, 
accounting for more than 40 % of lower gastroin-
testinal bleeding episodes [27, 28]. Severe hemor-
rhage can occur in 3–5 % of patients with 
diverticulosis [29, 30]. Despite the fact that most 
diverticula are in the left colon in individuals from 

Fig. 17.4  Complicated diverticulitis with perforation 
(free air →)

Fig. 17.5  Chronic recurrent diverticulitis with stenosis

Fig. 17.6  Chronic recurrent diverticulitis with colovesi-
cal fistula
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Western countries, the site of bleeding may more 
often be located in the proximal colon [31–34]. The 
clinical presentation of diverticular hemorrhage is 
usually one of an abrupt, painless onset. 
Hemorrhage ceases spontaneously in 70–80 % of 
patients, and rebleeding rates range from 22 to 
38 % [29, 30]. The chance of a third bleeding epi-
sode can be as high as 50 %, resulting in the fre-
quent recommendation of surgical resection after a 
second bleeding episode [35]. The recommended 
initial diagnostic test is colonoscopy. If the bleed-
ing source is identified by colonoscopy, endoscopic 
therapeutic maneuvers can be performed. If the 
bleeding source is not identified, further assess-
ment with noninvasive (nuclear scintigraphy) or 
invasive (angiography) techniques can be under-
taken in an attempt to localize and treat the bleed-
ing source. Surgery in lower gastrointestinal 
bleeding is usually reserved until endoscopic or 
angiographic treatments fail. Segmental resection 
is most usually considered if the bleeding site is 
clearly identified from a therapeutically unsuccess-
ful angiographic or endoscopic procedure. Subtotal 
colectomy may be required in patients with persis-
tent bleeding and no angiographic or endoscopic 
identification of a definite bleeding site.

•	 Diverticular disease can be classified as 
asymptomatic diverticulosis, uncomplicated 
diverticulitis, complicated diverticulitis, 
recurrent symptomatic disease, and diverticu-
lar hemorrhage.

•	 Treatment recommendations include conser-
vative approaches with observation and dietary 
modifications, as well as antibiotic treatment, 
abscess drainage, and surgery. A differentiated 
treatment depends on disease stage.

•	 A new classification of sigmoid diverticulitis 
corresponding to the GGDDC seems to suffi-
ciently embrace the entire spectrum of the 
clinical presentation of the disease.

17.4	 �Diagnostics

17.4.1	 �Radiological Imaging

Radiological imaging techniques that are used in 
the diagnosis of acute diverticulitis are soluble 

contrast enemas, ultrasound, CT, and magnetic 
resonance imaging (MRI). Today, soluble con-
trast enemas are obsolete for diagnosing acute 
diverticulitis because of their low accuracy and 
the inability to determine the extent and compli-
cations of diverticular disease. The primary disad-
vantage of contrast enema examination in the 
evaluation of diverticulitis is that the inflamma-
tory process is predominantly extramucosal. 
Therefore a contrast enema is often unsuccessful 
in delineating complications of acute diverticulitis 
and may underestimate the extent of pericolonic 
disease. Finally, and perhaps most important, a 
contrast enema has absolutely no role in the thera-
peutic intervention for diverticulitis.

Ultrasound is a real-time dynamic examination 
with wide availability and easy accessibility. 
Similar to CT, ultrasound is capable of evaluating 
the transmural involvement of diverticular disease 
using a ,quick noninvasive technique that elimi-
nates the need for intravenous or intraluminal con-
trast. In some European countries, ultrasound is 
routinely used as the initial imaging technique in 
patients clinically suspected of having acute 
colonic diverticulitis [36, 37]. However, the use of 
CT in the evaluation of patients with acute diver-
ticular disease has greatly increased. CT has the 
advantage of delineating the extent of the extralu-
minal disease process, provides an unlimited view, 
and may also direct therapeutic intervention in the 
case of complicated disease (e.g., CT-guided per-
cutaneous drainage of intra-abdominal abscesses).

The most widely used diagnostic criteria to 
determine acute diverticulitis with ultrasound and 
CT are increased thickness of the colonic wall, 
pericolic fat stranding, and the presence of 
inflamed diverticula. A high diagnostic sensitivity 
and specificity are reported for both ultrasound (92 
and 90 %, respectively) and CT (94 and 99 %, 
respectively) [38, 39]. However, abdominal ultra-
sound is often limited by overlying gas that 
obscures the diseased segment and may produce 
false-negative results. This problem is accentuated 
by obesity and acute diverticulitis, where inflam-
mation may cause a localized ileus in neighboring 
small-bowel segments. Disease in the distal sig-
moid colon is also more difficult to assess because 
it can be poorly accessible to the ultrasound as a 
result of interference from the bladder and other 
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pelvic structures. Its main limitation lies in the 
operator variability inherent in ultrasonography 
compared with CT, in which subjective interpreta-
tion is much less problematic.

MRI has the advantage that no ionizing radia-
tion or intravenous contrast medium is needed to 
achieve a higher soft-tissue contrast than CT. MRI 
produces quality images with subtle details supe-
rior to those from both CT and ultrasound [40, 
41]. MRI does not require the intravenous, oral, 
and rectal contrast necessary for optimal CT 
scans. In addition, MRI is not limited by poor 
visualization caused by overlying gas and fat. 
However, the high cost and current limited avail-
ability of MRI do not make it feasible for routine 
use at this time. Furthermore, MRI takes signifi-
cantly longer than CT and may not be acceptable 
for use in critically ill patients [40, 41].

In conclusion, CT should be the standard 
radiologic imaging technique for diagnosing 
acute diverticulitis. CT may be substituted by 
ultrasound under favorable conditions.

17.4.2	 �Colonoscopy

Colonoscopy is not recommended in the acute 
phase to diagnose acute diverticulitis because of 
the potential risk of converting a sealed perfora-
tion to a free perforation by insufflation of air 
[42, 43]. Colonoscopy should usually be done 
4–6 weeks after an episode of acute diverticulitis 
in order to exclude a colonic malignancy.

•	 CT of the abdomen and pelvis is the most appro-
priate initial imaging modality in the assessment 
of suspected diverticulitis. It may be substituted 
by ultrasound under favorable conditions.

•	 Colonoscopy is not recommended in the acute 
phase to diagnose acute diverticulitis because of 
the potential risk of converting a sealed perfora-
tion to a free perforation by insufflation of air.

17.5	 �Treatment

Treatment recommendations include conserva-
tive approaches with observation and dietary 
modifications, as well as antibiotic treatment, 

abscess drainage, and surgery [17]. However, sci-
entific evidence is scarce for some aspects of 
diverticulitis treatment, leading to treatment 
often being guided by a surgeon’s personal pref-
erence. Many guidelines for the treatment of 
diverticular disease were developed to expand the 
evidence base for treatment, but no general 
guidelines exist. In addition to the above-
mentioned GGDDC from 2013 [44], the 2014 
practice parameters for the treatment of sigmoid 
diverticulitis from the American Society of Colon 
and Rectal Surgeons [45] should also be men-
tioned as recent guidelines. Their purpose is to 
provide information that decisions can be based 
on, rather than dictate a specific form of treat-
ment. These guidelines should not be deemed 
inclusive of all proper methods of care or exclu-
sive of methods of care reasonably directed to 
obtaining the same results. The ultimate judg-
ment regarding the propriety of any specific pro-
cedure must be made by the physician in light of 
all the circumstances of the individual patient.

17.5.1	 �Medical Treatment

In the absence of complications and systemic 
signs and symptoms, patients with mild abdomi-
nal tenderness may be treated conservatively. 
Conservative treatment typically includes dietary 
modification and oral or intravenous antibiotics. 
This has been shown to be successful in 70–100 % 
of patients [46]. Uncomplicated diverticulitis 
may be managed in the outpatient setting with 
dietary modification and oral antibiotics for those 
without fever, excessive vomiting, or marked 
peritonitis, as long as follow-up is ensured. If 
these conditions are not met or the patient fails to 
improve with outpatient therapy, hospital admis-
sion is required. Antibiotics should be selected 
based on appropriate coverage for gram-negative 
and anaerobic bacteria [47]. Conservative treat-
ment resolves acute diverticulitis in 85 % of 
patients [15]. After recovery from the first epi-
sode, fiber intake prevents recurrence in more 
than 70 % of patients [48]. Immunosuppressed or 
immunocompromised patients are more likely to 
present with perforation and fail medical treat-
ment [49]. Approximately 15 % of patients 
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develop pericolonic or intramesenteric abscess 
[50]. Abscesses smaller than 2 cm in diameter may 
resolve with antibiotic treatment without any fur-
ther intervention, whereas larger abscesses may 
require percutaneous drainage. This may prevent 
an emergency operation and multistaged surgeries 
involving the creation and closure of a stoma [50].

17.5.2	 �Surgical Treatment

Surgical treatment of the disease can be emergent 
or elective, depending on the stage of the disease 
and the clinical presentation. Intraoperative surgi-
cal options are based on the patient’s status and the 
severity of intra-abdominal contamination [18] 
(Table 17.1). The desired surgical option is resec-
tion of the diseased segment with primary anasto-
mosis, with or without intraoperative lavage or 
resection, and anastomosis with a temporary divert-
ing ileostomy. In advanced stages of peritonitis, the 
Hartmann procedure (sigmoid colectomy, end 
colostomy, and closure of the rectal stump) is often 
performed, but it has been shown that the closure 
operation (Hartmann reversal) is not only techni-
cally challenging but also may be associated with 
significant postoperative morbidity and mortality 
[51]. Therefore, in an emergency situation because 
of free perforation, a primary anastomosis with a 
defunctioning ileostomy should be favored because 
the stoma reversal rate after primary anastomosis is 
higher than after the Hartmann procedure. The 
Hartmann procedure should be reserved for patients 
with perforated diverticulitis with severe septic 
complications. However, the final treatment deci-
sion – primary anastomosis or the Hartmann proce-
dure – should depend on the patient’s situation. It is 
also important that the decision be based not only 
on intraoperative findings or the extent of peritoni-
tis, but rather on the patient’s overall condition. 
Anastomotic healing may not occur in an unfit 
patient, even with mild inflammation, whereas 
patients with no or few comorbidities may fare 
well with primary anastomosis despite severe peri-
tonitis [52].

A number of recent publications have dis-
cussed the use of laparoscopic peritoneal lavage 
and drainage for perforated sigmoid diverticulitis, 

as an alternative to resection [53, 54]. In the case 
of no localized diverticular bleeding, a subtotal 
colectomy should be performed if the diverticular 
bleeding site cannot be localized.

In this context, two prospective randomized 
studies from the Netherlands and Scandinavia are 
currently investigating the role of laparoscopic 
lavage with drainage for purulent and fecal peritoni-
tis (Hinchey III and IV) compared with resection 
[55, 56]. Pending the results of these studies, laparo-
scopic lavage with drainage should be critically 
reviewed and subject to strict indications. According 
to the available datam the presence of fecal peritoni-
tis or visible perforation is considered a contraindi-
cation for this procedure. Classical resection with 
abdominal lavage should also be performed if 
immunosuppression or septic disease is present.

The decision for elective colectomy after recov-
ery from acute diverticulitis should be determined 
individually and with reference to the patient’s 
characteristics (age, general condition, severity of 
diverticulitis, and number/frequency of episodes 
of diverticulitis). In the case of recurrent diverticu-
litis with complications, such as stenoses or fistu-
las, surgical treatment is usually necessary.

There are several important points regarding 
surgical technique. From a technical standpoint, 
the proximal margin of resection should be in an 
area of pliable colon without hypertrophy or 
inflammation. Resection of the diseased colon 
along with removal of the entire thickened 
colonic segment is the desired goal. With respect 
to the extent of resection required, according to 
current data it is not necessary to remove the 
entire colonic segment bearing diverticula 
because such a strategy does not reduce the recur-
rence rate. The splenic flexure should be mobi-
lized when necessary to perform adequate 
resection and anastomosis.

•	 Depending on the severity of the inflamma-
tion, acute diverticulitis is treated conserva-
tively or surgically.

•	 Laparoscopic sigmoid resection with restora-
tion of continuity has been the prevailing 
modality for treating acute and recurrent sig-
moid diverticulitis.

•	 The Hartmann procedure should be reserved 
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for perforated diverticulitis with severe septic 
complications.

•	 In the case of diverticular bleeding, a subtotal 
colectomy should be performed if the site of 
the diverticular bleeding cannot be localized.

17.6	 �Access

Laparoscopic sigmoid resection with restoration 
of continuity has been the prevailing modality for 
treating acute and recurrent sigmoid diverticuli-
tis. The laparoscopic approach has advantages 
over open laparotomy, including less pain, 
smaller incisions, and shorter recovery. There is 
no increase in early and late complications [57, 
58], and cost and outcome are comparable with 
those of open resection [59].

•	 The laparoscopic approach has advantages 
over open laparotomy, without increased 
complications.

17.7	 �Complications

17.7.1	 �Fistulas

When a diverticular phlegmon or abscess extends 
or ruptures into an adjacent organ, fistulas can 
arise, the most typical being colovesicular fistu-
las [60]. The incidence of colovesical fistulas in 
diverticular disease has been reported to range 
between 2 and 23 % [61, 62]. Such fistulas have a 
two-to-one male predominance, attributable to 
protection of the bladder by the uterus, and a 
50 % rate of hysterectomy in female patients with 
colovesical fistulas. The underlying mechanism 
is the direct extension of a ruptured diverticulum 
or erosion of a peridiverticular abscess into the 
bladder. While sigmoid diverticulitis accounts for 
the underlying pathology in approximately two-
thirds of patients, colovesical fistula has also 
been reported as a result of cancer of the colon or 
bladder, radiation therapy, or Crohn’s disease 
[61, 63]. To date the diagnosis of colovesical fis-
tula due to sigmoid diverticulitis remains a chal-
lenge, without a gold standard of treatment. 

Recurrent or persistent urinary tract infections, 
urinary frequency, dysuria, and hematuria are the 
most frequent clinical findings. These symptoms 
are unspecific, however, and thus diagnosis of 
colovesical fistula may be delayed. Pneumaturia 
and fecaluria are considered pathognomonic for 
colovesical fistulas, but these symptoms are not 
always present. Diagnostic procedures for colo-
vesical fistulas are conducted to prove the exis-
tence of the fistula and to delineate the underlying 
etiology, as this determines further therapeutic 
strategy. Diagnostic tests and procedures range 
from the simple poppy seed test to the chromium 
nuclear study and the Bourne test to abdominal 
CT and MRI, cystoscopy, and colonoscopy [64–
66]. Different from advanced cancer resection for 
colovesical fistula because of sigmoid diverticuli-
tis, sigmoid segment resection and closure of the 
bladder defect is required for colovescial fistulas. 
In view of a spontaneous closure rate of only 2 % 
for colovesical fistulas [67, 68], and inflamma-
tory complications in up to three-quarters of 
patients [69, 70], the existence of colovesical fis-
tulas should be seen as an indication for surgery. 
Conservative or endoscopic procedures remain 
reserved for individual cases.

17.7.2	 �Stenosis

During an episode of acute diverticulitis, partial 
colonic stenosis can happen because of relative 
luminal narrowing from pericolic inflammation 
or compression from abscess formation. Colonic 
pseudo-obstruction can also occur. Acute diver-
ticulitis might cause small-bowel obstruction or 
ileus if a loop of small intestine becomes incor-
porated into the inflammatory mass. These pre-
sentations usually improve as inflammation 
subsides with effective treatment; failure to do so 
should prompt surgical consultation.

Recurrent episodes of diverticulitis, sometimes 
subclinical, can initiate progressive fibrosis and 
colonic wall stricture without persisting inflamma-
tion. Ultimately, high-grade or complete stenosis 
can happen, requiring surgery. An insidious pre-
sentation with nonspecific symptoms is typical. 
The important issue is to distinguish between a 
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diverticular stricture and a stenosing neoplasm. A 
colonoscopy with biopsy should be done to make 
this differentiation, but this procedure is not always 
possible [71]. Stenoses in which malignant disease 
cannot be excluded should undergo surgical en 
bloc resection. Interventional and endoscopic pro-
cedures have had no significant importance in the 
treatment of inflammatory sigmoid stenosis [72].

17.7.3	 �Abscess

After perforation of a diverticulum, a localized 
phlegmon can develop; further spread may lead 
to the formation of large local or distant abscesses. 
When an abscess is suspected, CT is the best 
modality to ensure the diagnosis and to monitor 
the course of the disease. Small pericolic 
abscesses can generally be treated conservatively 
with continued antibiotics and bowel rest [73]. 
The size of the abscess seems to be an important 
indicator for the success of nonoperative man-
agement, especially when antibiotics alone are 
considered as the first-line treatment. An abscess 
diameter approximately 3–4 cm or less usually 
could be successfully managed by antibiotic 
treatment [74, 75]. For patients with distant or 
unresolving abscesses, drainage is indicated. 
Surgery used to be the main treatment option, but 
CT-guided percutaneous drainage of abdominal 
abscesses is now preferred when feasible. If fea-
sible, percutaneous drainage of the abscess is 
successful in up to 90 % of patients.

•	 Ddiverticulitis can lead to serious complica-
tions such as fistula, stenosis, and abscess. In 
these cases, surgery is usually indicated.

17.8	 �Special Considerations

17.8.1	 �Diverticulitis in Young 
Patients

The indication for surgery in younger patients, 
generally defined as those who are 50 years old 
or younger, has been the subject of controversy. It 
has been reported that younger patients more fre-

quently require surgery for diverticulitis [76] or 
are more prone to recurrent disease [77] than 
older patients. Based on the presumed associa-
tion between younger age and more virulent dis-
ease, elective surgery has been recommended in 
patients younger than 50 years old after their first 
attack of uncomplicated diverticulitis [78]. 
However, other retrospective series did not con-
firm a correlation between younger age and more 
severe disease [79]. In addition, prospective data 
do not support an aggressive surgical approach 
for younger patients [80]. After stratification for 
the severity of disease, however, age was no lon-
ger a significant factor [81]. Based on current 
data, there is no sufficient justification to recom-
mend elective surgery after one attack of sigmoid 
diverticulitis in younger patients; rather, the dis-
ease should be treated similarly in both younger 
and older patients, depending on its severity and 
inclination for recurrence.

•	 Diverticulitis should be treated similarly in 
both younger and older patients, depending on 
its severity and inclination to recurrence.

17.8.2	 �Diverticulitis 
in Immunocompromised 
Patients

Conditions that represent an immunocompro-
mised state include severe infection, steroids, 
diabetes mellitus, renal failure, malignancy, cir-
rhosis, and chemotherapy or immunosuppres-
sive therapy. Chronic use of steroids is also 
associated with increased postoperative mortal-
ity after surgery for diverticulitis [49]. Although 
the incidence of diverticulitis does not seem to 
be increased in this population, the complica-
tions and sequelae of the diverticulitis are more 
severe. This group of patients may lack a normal 
inflammatory response and present with mini-
mal or subtle signs and symptoms, which may 
delay diagnosis and treatment. There is an 
increased rate of free perforation, increased 
need for surgery, and increased postoperative 
mortality [82, 83]. Therefore, it is generally rec-
ommended that surgery be offered to transplant 
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patients, immunocompromised patients, and 
patients under immunosuppression after their 
first documented episode of diverticulitis. The 
studies supporting this practice are generally 
retrospective, with small sample sizes [84]. On 
the other hand, there are no data presenting evi-
dence against this practice.

•	 Surgery should generally be offered to immu-
nocompromised patients after their first docu-
mented episode of diverticulitis because of an 
increased rate of morbidity and mortality.

17.8.3	 �Recurrent Diverticulitis 
After Resection

Recurrent diverticulitis after surgical treatment is 
rare, with an incidence ranging from 1 to 10 %. In 
general, the progression of diverticular disease in 
the remaining colon is approximately 15 % [85]. 
In such cases, the previous diagnosis and treat-
ment can be questioned and investigated. An 
important factor to be considered in terms of sur-
gery is the adequacy of resection, meaning the 
degree of proximal resection and the level of dis-
tal anastomosis [83, 86]. If the anastomosis is 
positioned in the rectum, the rate of recurrence is 
lower, than an anastomosis positioned above the 
rectum. Care also must be taken to exclude other 
components of differential diagnosis, especially 
irritable bowel syndrome, inflammatory bowel 
disease, and ischemic colitis.

•	 Recurrent diverticulitis after surgical treat-
ment is rare. Care should be taken to exclude 
other components of differential diagnosis, 
especially irritable bowel syndrome, inflam-
matory bowel disease, and ischemic colitis.

17.8.4	 �Right-Sided Diverticulitis

Diverticulosis in Asia predominantly occurs on the 
right side. Diverticula of the right colon may be 
singular or multiple. In contrast to Asian popula-
tions, right-sided diverticulitis is a rare disease in 
Western countries. Right-sided diverticulitis occurs 

in approximately 1–3.6 % of all patients suffering 
from colonic diverticular disease [87, 88]. It pres-
ents with symptoms similar to those of acute 
appendicitis. Thus right-sided diverticulitis remains 
a diagnostic dilemma. An abdominal mass is usu-
ally found in 26–88 % of cases [89, 90]. Analogous 
to the surgical treatment of left-sided diverticulitis, 
complicated stages (abscess, phlegmone, perfora-
tion) are treated surgically, and primary resection 
should be given preference over limited operations 
without resection of the inflamed segment.

•	 In contrast to Asian populations, right-sided 
diverticulitis is a rare disease in Western 
countries.

•	 Analogous to the surgical treatment of left-
sided diverticulitis, complicated stages of 
right-sided diverticulitis (abscess, phlegmone, 
perforation) are treated surgically.
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Other Colitides

Adam Dziki

18.1	 �Necrotizing Enterocolitis

18.1.1	 �Definition

Necrotizing enterocolitis (NEC) represents a sig-
nificant clinical problem. Ischemic and necrotic 
alterations in the intestinal wall more frequently 
occur in the terminal ileum than in the cecum and 
ascending colon. The necrosis begins in the 
mucous layer and then may involve the full thick-
ness of the bowel wall, resulting in perforation 
[1, 2].

18.1.2	 �Epidemiology/Etiology

NEC is the most common gastrointestinal emer-
gency occurring in neonates (predominantly in 
preterm infants). About 8 % of babies with birth 
weights from 750 to 1,500 g show symptoms of 
NEC, but less than 10 % of neonates with the dis-
ease are born full term. The symptoms occur in 
episodic epidemics, and approximately 80 % of 
them occur within the first month of life – though 
almost never during the first days of life.

The real etiology of the condition is still 
unknown and is regarded as multifactorial. Only 

some predisposing factors have been established 
[3–5]. Prematurity is considered to be the most 
important risk factor, but hyaline membrane syn-
drome, infection, hyperosmolar formula feeding, 
a lack of breast milk, ischemia, and reperfusion 
injury also play essential roles. Non-breastfed 
newborns develop signs of NEC six times more 
frequently than babies naturally fed.

18.1.3	 �Symptoms

The clinical manifestations of NEC may be non-
specific. Symptoms develop after 10 days of life, 
in relation to the onset of artificial formula feed-
ing. Initial symptoms include:

•	 Temperature instability
•	 Feeding intolerance, vomiting
•	 Abdominal distension and tenderness
•	 Decreased bowel movements and ileus

Symptoms in advanced stages include:

•	 Blood-streaked stools
•	 Abdominal wall erythema

As NEC progresses, systemic signs may 
develop: apnea, lethargy, and low peripheral per-
fusion with hypoxia, coagulopathy, and cardio-
respiratory deterioration resulting in septic 
shock.
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Nonspecific laboratory test abnormalities 
include:

•	 Leukopenia or leukocytosis with a shift to the left
•	 Low platelet count
•	 Hypoglycemia
•	 Prolonged prothrombin time and activated 

partial thromboplastin time
•	 Decreased fibrinogen
•	 Severe metabolic acidosis

18.1.4	 �Complications

NEC can lead to death as a consequence of sys-
temic septic shock. The survival rate is estimated 
at approximately 75 %, whereas 50 % of survivors 
may reveal long-term complications mainly as:

•	 Intestinal strictures (25–33 % incidence), the 
main location of which is the left side of the 
colon. Symptoms occur 2–3  weeks after 
recovery from the initial disease.

•	 Short-bowel syndrome, which is the result of 
surgical resections of excessive portions of 
absorption-related small bowel. Short-bowel 
syndrome can also lead to malnutrition.

18.1.5	 �Diagnosis

NEC is obviously diagnosed based on clinical 
manifestations, laboratory test results, and radio-
logical findings:

•	 Abdominal radiography is the essential diagnos-
tic imaging technique for neonates with signs of 
suspected NEC. An anteroposterior radiograph 
and left lateral decubitus image should be 
reviewed for all visible signs of the condition. 
Serial radiographs performed at 8-h intervals 
may help assess progression of the disease.

•	 Pneumatosis intestinalis is a pathognomonic 
marker of NEC. It comprises a characteristic 
layer of hydrogen gas corresponding with the 
submucosal layer of the bowel wall. Gas is 
generated by bacterial fermentation.

•	 Free intraperitoneal air is a sign of bowel per-
foration and is an obvious indication for emer-
gency surgical intervention.

Radiography may reveal other signs of NEC, 
such as fixed and dilated loops, ascites, and portal 
vein gas [1].

Abdominal ultrasound also seems to be an 
effective and useful tool in assessing the progres-
sion of NEC. Ascites and portal vein gas can be 
easily observed in ultrasonograms.

18.1.6	 �Therapy

Conservative Treatment
If the diagnosis of NEC is well established, con-
servative treatment should be applied initially with 
nasogastric tube decompression, intravenous flu-
ids, and adequate oxygenation. The administration 
of broad-spectrum antibiotic therapy is started, 
changing to more specific antibiotics according to 
bacteriological findings. Medical therapy is asso-
ciated with an approximately 50 % success rate 
after about a week of continuous treatment.

Surgery
The absolute and obvious indication for surgery is 
intestinal perforation in the course of NEC, with 
free air on plain abdominal radiograph and full-
thickness necrotic alterations of the bowel wall. 
The relative indications for surgery include wors-
ened clinical manifestations, a decreased white 
blood cell count, and signs such as persistent fixed 
loops seem on repeated abdominal radiographs. 
Surgical procedures are also necessary when 
medical management fails. The essential concern 
in the surgical treatment of NEC is the preserva-
tion of as much of the intestine as possible.

18.1.7	 �Surgical Procedures

Procedure I
•	 The resection of altered parts of intestine with 

creation of a stoma is essential, especially in 
cases with symptoms of peritonitis.
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•	 A “second look” operation should be per-
formed after a 24-h interval to check for 
possible ischemic signs in the intestinal 
wall.

•	 Bowel resection with an anastomosis is 
associated with a high risk of anastomotic 
leak and stricture, and thus the procedure 
should be limited only to patients in a stable 
condition with minimal peritoneal 
contamination.

•	 Before elective stoma closure, a radiological 
contrast study has to be performed because of 
the relatively high risk of stricture.

Procedure II
•	 Bedside placement of peritoneal drains under 

local anaesthesia is a more recent approach to 
surgical treatment. The procedure helps stop 
the progression of sepsis.

18.1.8	 �Differential Diagnosis

Many conditions should be considered in the dif-
ferential diagnosis of NEC:

•	 Enteroviral infections
•	 Candidiasis
•	 Hirschsprung disease
•	 Bacteremia
•	 Gastroesophageal reflux disease
•	 Hospital-acquired infection
•	 Neonatal sepsis of another origin

Spontaneous intestinal perforation – with the 
perforation seen on radiography – also occurs in 
premature babies but has none of the systemic 
signs usually present in NEC. The prognostic rate 
of NEC is higher than that of spontaneous intesti-
nal perforation.

18.1.9	 �Prognosis

The survival rate of all treated babies reaches 
about 75 %, but the overall mortality of surgically 
treated patients ranges from 0 to 50 %.

18.2	 �Pseudomembranous Colitis

18.2.1	 �Synonyms

Pseudomembranous colitis (PMC) is also referred 
to as enterocolitis pseudomembranacea, antibiotic-
associated colitis, necrotizing colitis, Clostridium 
difficile colitis, or C. difficile diarrhea.

18.2.2	 �Definition

PMC is an acute inflammatory disease of the 
colon. It is a commonly occurring complication 
after antibiotic exposure that may lead to serious 
morbidity, but it is usually treated easily.

18.2.3	 �Epidemiology/Etiology

•	 C. difficile was first implicated as a causative 
factor in the 1970s.

•	 C. difficile, a gram-positive, spore-forming, 
anaerobic bacillus, is isolated in almost all cases.

•	 C. difficile is an unusual component of healthy 
bowel flora and is found in only 3–5 % of 
healthy adults.

•	 The antibiotic-induced change in the balance 
of normal flora allows overgrowth of C. diffi-
cile. The bacteria release a powerful toxin that 
causes an inflammatory reaction and symp-
toms. The most important toxins are:
–– Toxin A: enterotoxin (causes diarrhea)
–– Toxin B: cytotoxin

•	 The incidence is 1 in 1,000.
•	 Almost any antibiotic can cause 

PMC.  Clindamycin, lincomycin, ampicillin, 
and cephalosporins have been implicated in 
most of the reported cases.

•	 PMC complicates 10 % of cases of antibiotic-
associated diarrhea [6–8].

•	 The low incidence of colitis in the pediatric 
population is attributed to the strength of chil-
dren’s immune systems or protective antibod-
ies received from the mother.

•	 PMC has various risk factors:
–– Advanced age
–– Chemotherapy
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–– Antibiotic therapy
–– Recent surgery
–– Treatment in an intensive care unit
–– Presence of cancer, uremia, or burns
–– History of PMC

18.2.4	 �Symptoms

•	 Diarrhea
•	 Leukocytosis (50–60 % of patients)
•	 Fever (30–50 % of patients)
•	 Abdominal pain or cramping (20–33 % of 

patients)
•	 Bloody, mucoid, green, foul-smelling stools
•	 Urge to defecate
•	 Others: dehydration, electrolyte disturbances, 

nausea, vomiting, malaise, anorexia, hypoal-
buminemia, anasarca

In most cases, symptoms begin 3–9 days after 
starting antibiotics. However, symptoms may 
begin a few weeks after antibiotics are discontin-
ued [9, 10].

Rare extraintestinal manifestations occur in 
PMC:

•	 Bacteremia
•	 Splenic abscess
•	 Osteomyelitis
•	 Reactive arthritis or tenosynovitis

18.2.5	 �Complications

•	 Dehydration with electrolyte imbalance and 
hypovolemic shock

•	 Hemorrhage and sepsis
•	 Perforation of the colon
•	 Toxic megacolon
•	 Recurrent colitis and diarrhea

18.2.6	 �Diagnosis

•	 Signs of dehydration include dry skin, dry 
mouth, glassy appearance of the eyes, sunken 

fontanelles (in infants), rapid pulse, low blood 
pressure, confusion, excessive tiredness.

•	 Signs of toxic megacolon include fever, vom-
iting, and ileus.

•	 Signs of perforation include a rigid abdomen 
and rebound tenderness.

Additional/Useful Diagnostic Procedures

Laboratory Studies
•	 Complete blood count: Leukocytosis, with 

white blood cell count varying from 10,000 to 
50,000 cells/mL.

•	 Blood chemistry: Hypoalbuminemia is 
common.

•	 Fecal leukocytes: Positive tests for fecal leu-
kocytes, three to five leukocytes per high-
powered field, excludes benign diarrhea.

•	 A stool culture positive for C. difficile toxin 
does not differentiate between toxic and 
nontoxic.

•	 Stool assay for C. difficile toxins (mostly toxin 
B) has a sensitivity of 95 %. This test requires 
2 days.

•	 Enzyme-linked immunosorbent assay for 
toxin A has a sensitivity of 75–85 % and is 
completed in 2.5 h.

•	 Latex agglutination test has poor sensitivity 
and specificity.

•	 Polymerase chain reaction is used to detect the 
gene sequences of toxins A and B in the stool. 
It is a fast, sensitive, and specific diagnostic 
method, but it is also expensive and still is not 
available commercially.

Imaging Studies
Endoscopy

•	 It is the most rapid and definitive diagnos-
tic method.

•	 The mucosa of the colon is often covered 
with loosely adherent nodular or diffuse exu-
dates. These raised exudative plaques are 
2–5 mm in size. Coalescence of these plaques 
generates an endoscopic appearance of yel-
lowish pseudomembranes lining the colonic 
mucosa. When the pseudomembranes are 
manipulated, ulcerated mucosa is uncovered.
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•	 Rigid proctosigmoidoscopy is diagnostic 
in 77 % of patients.

•	 Flexible sigmoidoscopy is diagnostic in 
91 % of patients.

•	 Colonoscopy may be required in 10 % of 
cases where the disease is localized in the 
cecum or transverse colon, sparing the 
rectum.

•	 It is a hazardous procedure in patients with 
toxic megacolon.

Plain Abdominal Radiography
•	 It is useful for ruling out toxic megacolon 

or colonic perforation.
•	 An ileus pattern was described in 28 % of 

patients.
•	 Small-bowel dilation or air–fluid levels 

may be present.
•	 Dilated colon (>7 cm at the largest diame-

ter) can be visualized.
Computed Tomography

•	 Computed tomography may show disten-
sion and diffuse, focal thickening of the 
wall of the colon, along with pericolonic 
inflammation.

Histological Findings
•	 On microscopic examination of the biopsy 

sample, the earliest sign is focal necrosis of 
the surface epithelial cells in the glandular 
areas, plugging of capillaries in the lamina 
propria, and mucus hypersecretion in adjacent 
crypts.

•	 As the disease progresses, necrosis and denu-
dation of the mucosa occurs with thrombosis. 
Inflammation tends to remain superficial.

18.2.7	 �Therapy

Conservative Treatment

General Measures
•	 The antibiotic causing the condition should be 

stopped.
•	 Rehydration with electrolyte solutions or 

intravenous therapy should be started to 
replace fluids lost through diarrhea.

•	 Most patients – 75 % symptomatic and 25 % 
with colitis – will experience complete recov-
ery within 10 days.

•	 In fulminant or intractable cases, hospitaliza-
tion is necessary.

•	 Oral treatment with an antimicrobial agent 
effective against C. difficile is the preferred 
treatment:
–– Metronidazole is the first-line therapy for 

PMC, with a response rate of 86–92 %. An 
oral dosage of 250  mg once daily for 
7–10 days is recommended. It is not recom-
mended for children or for pregnant women.

–– Vancomycin is the most reliable treatment 
for the disease, with a response rate of 
90–100 %. The recommended dosage is 
125 mg every 6 h for 7–14 days for adults, 
and 500 mg/1.73 m2 every 6 h for infants.

–– Second-line agents include oral bacitracin 
(500–1,000 mg once daily for 7–19 days) 
and teicoplanin (100 mg twice daily).

–– Newer therapies with fidaxomicin show 
promising results, with lower recurrence 
rates.

When parenteral therapy is the only possible 
treatment, the use of both vancomycin and met-
ronidazole intravenously, supplemented by van-
comycin 500  mg once daily via a nasogastric 
tube or enema, is recommended. Recurrences 
should be treated with vancomycin. Multiple 
recurrences should be treated with a long course 
of oral antibiotics (4–6 weeks).

Other Methods of Treatment
Fecal transplantation is gaining attention as a 
new method for the treatment of severe C. diffi-
cile infection with sepsis [11, 12]. Fecal micro-
biota transplantation from healthy donors is also 
considered an effective treatment against recur-
rent C. difficile infection and was found to be 
more effective than vancomycin [13].

Additional/Useful Therapeutic Measures

•	 Avoid narcotics; postoperative narcotics may 
play an antiperistaltic role.
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•	 Antidiarrheal agents such as diphenoxylate 
hydrochloride and loperamide, may protract 
the disease by prolonging the mucosal expo-
sure to bacterial toxins.

•	 Anion-exchange resin agents (e.g., cholestyr-
amine, colestipol) eliminate toxins from the 
colonic lumen. The recommended oral dosage 
is 4 g once daily. It should not be used with 
vancomycin.

•	 In patients with multiple relapses, probiotics 
such as oral lactobacillus GG and Saccharomyces 
boulardii have been used to restore normal flora.

•	 A clear liquid diet should be administered 
until diarrhea resolves.

Surgical Treatment
•	 Surgery is required in rare cases to treat infec-

tions that worsen or do not respond to conser-
vative treatment, or when there are any 
complications.

•	 Surgical therapy should be considered only as a 
lifesaving measure, such as in cases of perfora-
tion or toxic megacolon. Two-thirds of patients 
with megacolon require surgical intervention.

•	 The overall mortality rate for patients requir-
ing surgery is reported to be as high as 30–35 %.

•	 Various approaches can be used:
–– Early subtotal colectomy
–– Colectomy
–– Colostomy or ileostomy
–– Resection of diseased bowel

•	 Surgery is required for fulminant toxic cases 
that do not respond after a week of intensive 
medical therapy because the risk of perforation 
increases after 7  days of ineffective conven-
tional treatment [8].

18.2.8	 �Differential Diagnosis

•	 Staphylococcal enterocolitis and typhlitis
•	 Other bacterial colitis: salmonellosis, shigello-

sis, Campylobacter, Escherichia coli, Yersinia 
infection

•	 Amoebiasis
•	 Acute exacerbation of Crohn’s disease and 

ulcerative colitis
•	 Ischemic colitis

•	 Chemical colitis
•	 Human immunodeficiency virus colitis

18.2.9	 �Prognosis

•	 The overall mortality rate is 2 %.
•	 The mortality rate in untreated elderly or 

debilitated patients is 10–20 %.
•	 The mortality rate in patients with toxic mega-

colon is 35 %.
•	 If there are no complications, the prognosis is 

generally good.
•	 Pseudomembranous colitis recurs in up to 

20 % of cases.

18.2.10  �Special Remarks

•	 Many patients remain asymptomatic carriers 
of C. difficile, and most of them never 
relapse.

•	 Some patients may develop PMC without a 
clearly identified causative agent.

•	 For prevention, use antibiotics prudently, 
wash hands, use examination gloves rou-
tinely, and clean potentially contaminated 
surfaces.

•	 In some cases (5–19 %) the disease is local-
ized to the cecum and the proximal colon.

18.3	 �Ischemic Colitis

18.3.1	 �Definition

•	 Ischemic colitis is the most common ischemic 
injury of the gastrointestinal tract.

•	 It is one of the most common disorders of the 
large bowel in the elderly.

•	 This condition is occurring with increasing 
frequency.

18.3.2	 �Etiology/Epidemiology

•	 Atherosclerosis
•	 Shock
•	 Congestive heart failure
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Ischemic colitis is also associated with aor-
toiliac surgery, with incidence ranging from 3 to 
6 %. Various risk factors are connected with such 
operations:

•	 Patency of the inferior mesenteric artery
•	 Preoperative shock
•	 Intraoperative blood loss
•	 Previous pelvic radiation therapy

Most patients are elderly. In younger patients, 
the condition is associated with oral contracep-
tive use, vasculitis, and hypercoagulable states.

Some cases of ischemic colitis have been 
described in connection with mild allergy, hyper-
tension, rectal prolapse, acute pancreatitis, sickle 
cell crisis, colon cancer, systemic lupus erythe-
matosus, amyloidosis, anticardiolipin antibody 
syndrome, Buerger disease, Degos disease, and 
Kawasaki syndrome. Other case reports associate 
the development of ischemic colitis with the use 
of certain agents (progesterone, ergotamine 
derivatives, methamphetamine hydrochloride, 
nonsteroidal anti-inflammatory drugs, and dan-
azol), intravenous vasopressin therapy, renal 
transplantation, chronic intermittent peritoneal 
dialysis, cocaine abuse, snake bite, and marathon 
running [14–16].

18.3.3	 �Symptoms

Clinical presentation is usually acute:

•	 Cramping abdominal pain
•	 Abdominal distension
•	 Bloody diarrhea
•	 Local signs of peritoneal irritation over the 

affected segment

Manifestations vary widely, from severe pain 
with transmural infarction and early perforation 
to mild abdominal pain and only slight tender-
ness. Colonic injury may consist of:

•	 Reversible colonopathy (35 %)
•	 Chronic ulcerating colitis (20 %)
•	 Transient colitis (15 %)

•	 Gangrene (15 %)
•	 Colonic stricture (10 %)
•	 Fulminant extensive colitis (<5 %)

More than two-thirds of patients with isch-
emic colitis respond quickly and favorably to 
simple conservative treatment. The most com-
mon outcome is spontaneous recovery within 
24–48 h. The remaining patients require explor-
atory laparotomy without the benefit of an estab-
lished preoperative diagnosis.

18.3.4	 �Complications

•	 Chronic ischemic colitis
•	 Gangrene resulting in perforation and 

peritonitis
•	 Stricture, which usually develops 3–4 weeks 

after the acute insult
•	 Inflammatory polyposis
•	 Pyocolon (pus collection within the colon)
•	 Toxic megacolon

Location and incidence vary:

Descending colon 37 %

Splenic flexure 33 %

Sigmoid colon 24 %

Transverse colon 9 %

Ascending colon 7 %

Rectum 3 %

18.3.5	 �Diagnostic Procedures

Laboratory Studies
Nonspecific laboratory testing includes a com-
plete blood count, which shows a large number of 
leukocytes and an absence of other symptoms.

Radiography
Plain radiographic studies show:
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•	 Mild, diffuse bowel dilatation
•	 Gasless abdomen
•	 Bowel wall thickening (a radiographic finding 

of “thumbprinting”)
•	 “Sawtoothing” caused by multiple superficial 

ulcerations
•	 Tubular narrowing

Advanced ischemia or colonic infarction is 
associated with:

•	 Free air in the abdominal cavity
•	 Air within the bowel wall
•	 Air in the portal venous system

In contrast studies, barium must be used with 
caution because of the risk of perforation and 
subsequent severe barium peritonitis. The fol-
lowing are seen on contrast imaging:

•	 Thickening of the bowel wall
•	 Narrowing and spasm
•	 Ulcerations
•	 Eccentric deformity
•	 Sacculation
•	 Transverse ridging

Colonoscopy
Three endoscopic stages are recognized:

•	 Acute: petechiae, pale mucosa, hyperemia, 
and necrosis

•	 Subacute: ulceration and exudation
•	 Chronic: stricture, decreased haustration, and 

mucosal granularity

Some surgeons suggest that laparoscopy, rather 
than colonoscopy, should be used for the diagnosis 
and treatment of fulminant ischemic colitis.

Computed Tomography and Ultrasonography
These procedures may show irregular thickening 
of the submucosa or narrowing of the lumen. 
Color Doppler ultrasound has been used to dif-
ferentiate the bowel wall thickening seen in isch-
emic colitis from that seen in inflammatory bowel 
disease. MRI, however, is used more often to 
confirm the diagnosis.

Angiography
•	 Angiography is not routinely used in ischemic 

colitis.
•	 It rarely shows significant vascular 

occlusions.
•	 It is limited to clinical situations in which 

ischemic colitis involves the ascending colon, 
such as acute thrombosis or embolism of the 
superior mesenteric artery.

18.3.6	 �Differential Diagnosis

•	 Crohn’s disease
•	 Ulcerative colitis
•	 Colonic injury induced by nonsteroidal anti-

inflammatory drug use
•	 Pseudomembranous colitis
•	 Infectious colitides
•	 Diverticular disease
•	 Carcinoma of the colon

18.3.7	 �Therapy

Ischemic colitis accounts for only a small per-
centage of colonic disease seen in medical and 
surgical offices. Most patients with ischemic 
colitis do not have peritoneal signs, which results 
in frequent misdiagnosis and a large underesti-
mation of its incidence.

Conservative Treatment
Outpatient therapy is possible in patients with 
mild symptoms. Patients with abdominal pain 
and no evidence of peritonitis or systemic toxic-
ity should be treated expectantly.

General Measures

•	 Conservative treatment includes intensive care 
and monitoring of vital signs.

•	 Patients must have frequent abdominal 
examinations.

•	 Intravenous hydration, bowel rest measures, 
and administration of wide-spectrum antibi-
otics that cover enteric flora are usually 
required.
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Pharmaceutical Measures

•	 The use of pharmaceutical agents other than 
antibiotics should be avoided, particularly 
vasoconstricting drugs.

•	 The use of vasodilators such as glucagon and 
papaverine is controversial.

•	 The use of anticoagulants has not gained wide 
acceptance.

•	 The use of corticosteroids is contraindicated 
in patients with ischemic colitis because it can 
lead to silent colonic perforation.

•	 Patients usually respond to conservative mea-
sures within a few days to 2 weeks.

•	 Follow-up colonoscopy may be necessary to 
identify progression of the colonic injury or 
stricture formation.

Surgical Treatment
•	 Surgery is indicated in patients with peritoni-

tis, transmural infarction or perforation of the 
colon, or bleeding from ulcerations.

•	 Surgical intervention may also be necessary in 
patients with chronic, segmental colitis or for-
mation of stricture after ischemic injury.

•	 Before referring patients with stricture to sur-
gery, forceful endoscopic balloon dilation can 
be attempted in those who are asymptomatic.

•	 Surgical intervention usually involves resection 
of the ischemic segment of the colon and exte-
riorization of the remaining ends of the bowel.

•	 Primary anastomosis and revascularization are 
contraindicated.

18.4	 �Infectious Colitis

18.4.1	 �Definition

Infectious colitis is one of the most common 
forms of colitis and is usually caused by bacte-
rial, viral, and parasitic agents. It often occurs 
during childhood.

18.4.2	 �Etiology

•	 Bacterial: The most common bacterial agents 
responsible for infectious colitis are E. coli and 

species of Shigella, Salmonella, Campylobacter, 
and Yersinia.

•	 Parasitic: Entamoeba histolytica is the most 
common cause of parasitic colitis 
worldwide.

•	 Viral: Cytomegalovirus infection–induced 
colitis rarely occurs and is mainly found in 
immunocompromised patients [17, 18].

18.4.3	 �Symptoms

•	 E. coli–mediated colitis is characterized by 
diarrhea, abdominal cramps, and fever. It 
mostly affects children. A risk of hemolytic 
uremic syndrome and hemorrhagic colitis after 
infection with enterohemorrhagic E. coli strains 
is estimated to be present in 10–15 % of 
children.

•	 Shigella infections range from asymptomatic 
ones to mild gastroenteritis to severe dysen-
tery. Dysentery has a sudden onset and pres-
ents with high fever (39–40  °C), abdominal 
pains, and diarrhea. Stools are frequent (more 
than ten daily) and contain blood and mucus. 
Symptoms of central nervous system irritation 
can also be observed.

•	 Salmonella infections usually occur during 
summer and autumn, most commonly in 
children. They are characterized by a sud-
den onset within 8–48  h after ingestion of 
contaminated food. Patients present with 
abdominal cramps, nausea, and fever. Stools 
are watery and sometimes contain blood.

•	 Enteritis caused by Campylobacter is charac-
terized by a sudden onset, fever (sometimes 
>40  °C), and abdominal pain, followed by 
diarrhea. Stools are watery and frequent 
(2–20 times daily), and usually contain 
blood.

•	 Yersinia enterocolitica infection presents 
with an abrupt onset of watery diarrhea con-
taining blood. Patients complain of severe 
abdominal pain, joint pain, and skin erup-
tion. A febrile response occurs in older 
children.

•	 Amoebiasis commonly manifests with bloody 
diarrhea, abdominal pain, and fever.
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18.4.4	 �Complications

In cases of severe diarrhea and vomiting, one 
must take care of physical signs suggesting dehy-
dration (e.g., dry mucous membranes, decreased 
skin turgor, orthostasis) and leading to dysregula-
tion of the acid–base balance.

18.4.5	 �Diagnostic Procedures

Most infectious factors can be cultured from the 
stool using appropriate media. Gram and methy-
lene blue staining of the stool is recommended. 
White blood cell counts can be elevated or nor-
mal. In many cases, no pathogen is identified, 
and diagnosis is established based on medical 
history and clinical symptoms. In typical infec-
tious colitis, the lamina propria of the large 
intestine is infiltrated by polymorphonuclear 
leukocytes.

18.4.6	 �Therapy

Conservative Treatment
•	 Management of bacterial colitis depends on 

the clinical symptoms and the patient’s gen-
eral condition. It is always necessary to con-
trol the acid–base balance, and supplementation 
of fluids is required.

•	 In shigellosis, trimethoprim-sulfamethoxazole 
is the drug of choice; fluoroquinolones and 
ceftriaxone are alternatives.

•	 If Salmonella bacteremia is suspected, intrave-
nous cefotaxime (200  mg/kg/day in four 
divided doses) or ceftriaxone (100 mg/kg/day 
in two divided doses) should be initiated. 
Alternative treatments include chlorampheni-
col (100 mg/kg/day in four divided doses) or, in 
adolescents, fluoroquinolones. Trimethoprim-
sulfamethoxazole is the drug of choice when 
oral treatment is indicated.

•	 In Y. enterocolitica infection, antibiotic 
therapy with intravenous gentamicin 
(5–7.5 mg/kg/day in three divided doses) is 
indicated in patients with persistent diarrhea 
or suspected sepsis. Alternative antibiotics 

may include chloramphenicol, colistin, and 
kanamycin.

•	 Campylobacter enteritis is usually self-
limited. Erythromycin or ciprofloxacin may 
be used.

•	 Treatment of amoebic colitis includes metroni-
dazole and iodoquinol or paromomycin [19].

Surgical Treatment
Surgical intervention is indicated for patients 
who develop toxic megacolon with a subsequent 
risk of perforation or an existing perforation. The 
frequency of surgical intervention is low (0.39–
3.6 % of cases).

18.5	 �Collagenous Colitis

18.5.1	 �Synonyms

Collagenous colitis (CC) is also called micro-
scopic colitis.

18.5.2	 �Definition

CC, which was first described by Lindstrom in 
1976, is a rare inflammatory disorder of the colon. 
Both CC and another disease, lymphocytic colitis, 
are also described as microscopic colitis. The dis-
ease causes prolonged watery diarrhea. It causes 
no changes in the endoscopic appearance of the 
colonic mucosa, but prominent, unique changes in 
the microscopic assessment of biopsies occur.

18.5.3	 �Epidemiology/Etiology

CC is recognized as a rare disease, although it has 
been increasingly diagnosed in the past 20 years. 
However, the true incidence is still not known. 
Surprisingly, a few epidemiological studies per-
formed in Scandinavian countries showed a much 
higher incidence than was expected. In one the rate 
was similar to that of Crohn’s disease. CC usually 
affects people older than 40 years and it is much 
more frequent in women than men.
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Different aspects of causative agents have 
recently been discussed, although no definite eti-
ology has been determined. It is supposedly an 
autoimmune disease. Infection and drugs (non-
steroidal anti-inflammatory drugs, ranitidine, and 
antidepressants) seem to be possible triggers of 
inflammation. The coincidence of CC with infec-
tions, celiac sprue, and the presence of increased 
number of mast cells suggests that a luminal 
agent plays a role in etiology [20, 21].

18.5.4	 �Symptoms

As mentioned earlier, CC typically presents with 
watery, nonbloody, high-volume diarrhea. It usually 
begins suddenly, with no prodromal symptoms. 
Usually the only symptom is diarrhea. Patients may 
pass up to 30 stools/day and lose more than 
1,500  mL of fluid each day. Some complain of 
abdominal discomfort and a feeling of distension. 
Symptoms persist from a few weeks to years.

18.5.5	 �Complications

The most frequent complications of CC are 
caused by diarrhea. Malabsorption, dehydration, 
weight loss, and deficiencies (e.g. electrolytes) 
are among them.

18.5.6	 �Diagnostic Procedures

CC is diagnosed in cases of watery, nonbloody 
diarrhea lasting at least 3 weeks. There should be 
no changes in endoscopic appearance of the colon. 
Typical microscopic changes can be seen; these 
consist of:

•	 Thickening of the subepithelial collagen wall 
(>10 mm)

•	 Infiltration of intraepithelium with lymphocytes
•	 Mononuclear inflammatory cell infiltration 

into the lamina propria

One must remember that lymphocytic colitis 
is an entity with exactly the same symptoms as 

CC.  The diagnosis is based on differences in 
pathological assessment [22–24].

Additional/Useful Diagnostic Procedures
Some procedures are helpful in diagnosing CC, 
including stool examination to identify parasites, 
ova, and other pathogens, and radiological 
assessment.

18.5.7	 �Therapy

Conservative Treatment
Because CC is a fairly rare disease, treatment is 
based on anecdotal evidence. So far, no standard 
or guidelines have been established for this con-
dition. Antidiarrheal agents (loperamide, 
diphenoxylate, hydrochloride/atropine sulphate, 
bismuth subsalicylate) should be administered. 
These drugs are especially useful in mild cases of 
the disease. Cholestyramine (when symptoms of 
bile salt malabsorption appear) and hyoscyamine 
(when one of the main symptoms is cramping 
pain) may be helpful.

When the disease does not respond to antidi-
arrheal drugs, the next therapeutic step is drugs 
traditionally used to treat inflammatory bowel 
diseases: topical anti-inflammatory drugs (sul-
fasalazine, mesalazine) and corticosteroids 
(prednisone, budesonide). Finally, immunosup-
pressants (azathioprine, methotrexate) could be 
used.

Surgical Treatment
Surgery is usually unnecessary. In cases with no 
positive response to conventional therapy or 
intolerance to drugs, colectomy or ileostomy is 
the only choice.

18.5.8	 �Differential Diagnosis

Inflammatory bowel diseases must be consid-
ered (Crohn’s disease and ulcerative colitis). 
One should consider irritable bowel syndrome, 
celiac sprue, giardiasis, and non-colon-specific 
diseases such as hyperthyroidism or laxative 
abuse.
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18.5.9	 �Prognosis

According to anecdotal articles, only 15 % of 
patients continue to have major symptoms after 
6 months of treatment, whereas half of them are 
totally free of symptoms after the same interval. 
Unfortunately, in some patients symptoms might 
come and go over many years.
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Medical Treatment 
of Inflammatory Bowel Disease

Florian Poullenot and David Laharie

19.1	 �Introduction

With the biologic era that started in the early 
2000s with anti–tumor necrosis factor (TNF) 
agents, the management of inflammatory bowel 
diseases (IBDs) has been dramatically modi-
fied. Recent new concepts and strategic studies 
have modified clinical practice with changes in 
the initial care, therapeutic adaptation, and fol-
low-up of patients. Crohn’s disease and ulcer-
ative colitis are presented separately in this 
chapter.

19.2	 �Crohn’s Disease

Aminosalicylates and corticosteroids have long 
been considered first-line medical therapies for 
Crohn’s disease. Following a historical step-up 
approach, conventional immunosuppressants 
(thiopurines or methotrexate) and biologics were 
restricted for refractory diseases. The main char-
acteristics of treatments used in IBD are summa-
rized in Table 19.1.

19.2.1	 �New Concepts

19.2.1.1	 �Is There Still Room for First-
Line Conventional Therapies 
(Aminosalicylates 
and Corticosteroids)?

The clinical benefit of 5-aminosalicylates in 
Crohn’s disease is still under debate. A recent 
meta-analysis of mild to moderate Crohn’s dis-
ease showed that its benefit was close to that of 
placebo [1]. In addition, indications for the use of 
5-aminosalicylates’ have been decreasing over 
time, even among patients with mild Crohn’s dis-
ease [2] with few symptoms and an absence of 
risk factors for a complicated evolution. In the 
postoperative setting, 5-aminosalicylates could 
be given to prevent recurrence since they demon-
strated mildly but significantly better efficacy 
than placebo at a dosage of 4  g/day [3]. 
Concerning safety, these agents have a good tol-
erance profile, requiring kidney function surveil-
lance twice a year.

In 2016 corticosteroids maintain a central role 
in the management of the first flare of Crohn’s 
disease, particularly in the early course, whatever 
the severity or extent of lesions. For decades, cor-
ticosteroids’ efficacy has been demonstrated in 
randomized controlled trials [4] and study popu-
lation cohorts [5, 6]. Nonetheless, the two main 
limitations of steroid use in Crohn’s disease are 
its side effects and its lack of efficacy as a main-
tenance therapy. Importantly, steroids have no 
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Table 19.1  Characteristics of treatments used in inflammatory bowel disease

Drug class Method of administration, dosage Side effects Surveillance

Corticosteroids Oral: prednisone or prednisolone 
40 mg/day to 0.8–1 mg/kg/day 
(single dose)
Intravenous: methylprednisolone 
0.8–1 mg/kg/day
Oral with ileocecal delivery: 
budesonide 9 mg/day (single dose)
Topical betamethasone 
5 mg/100 mL (enema once a day)

Cushingoid syndrome
Neuropsychological signs
Cosmetics
Diabetes, high blood pressure
Osteoporosis
Ocular
Risk of infection

Vitamin D and calcium 
supplementation
Initial measurement of 
bone mineral density
Optional potassium 
supplementation

5-Aminosalicylates Oral: mesalazine 2–4 g/day (in one 
or two daily doses)
Topical (suppositories and enemas): 
mesalazine or sodium 
p-aminosalicylate (1 g/day)

Hypersensitivity (fever, 
headache)
Tubulointerstitial nephritis
Acute pancreatitis
Interstitial lung disease
Pericarditis, myocarditis

Creatinine concentration, 
2 times a year

Methotrexate Parenteral (subcutaneous or 
intramuscular) or oral (varaible 
inter- and intra-individual 
absorption)
Methotrexate: 25 mg/week (single 
dose) as induction, could be 
reduced to 15 mg/week as 
maintenance

Digestive intolerance
Stomatitis
Headache, asthenia
Interstitial lung disease
Elevated transaminases

Contraception 
(teratogenicity)
Folate by mouth 24 h 
after injection
Noninvasive markers of 
liver fibrosis
Pulmonary radio if 
cough

Thiopurines Oral: azathioprine 2.5 mg/kg/day 
(single dose)
Oral form; 6-mercaptopurine 
1–1.5 mg/kg/day (single dose)

Myelotoxicity: neutropenia, 
lymphopenia
Digestive intolerance
Immunoallergic reaction 
(acute pancreatitis)
Elevated transaminases
Opportunistic infections 
(Epstein-Barr virus, 
cytomegalovirus)
Increased risk of lymphoma 
and nonmelanoma skin cancer

Regular monitoring of 
blood count and 
transaminases
TPMT (thiopurine-
methyltransferase) 
genotype
Dermatologic 
surveillance (once a 
year)

Anti–tumor 
necrosis factor 
agents

Intravenous: infliximab induction 
regimen (5 mg/kg at weeks 0, 2, 
and 6) ; maintenance regimen 5 mg/
kg every 8 weeks
Subcutaneous: adalimumab 
induction regimen (160 mg at week 
0 and 80 mg at week 2), 
maintenance regimen 
(40 mg/1–2 week)
Subcutaneous: golimumab induction 
regimen (200 mg at week 0 and 
100 mg at week 2), maintenance 
regimen (50–100 mg for4 weeks 
according to body weight)

Allergic reactions to infusions 
and local reactions at injection 
site
Opportunistic infections 
(bacterial, fungal, viral)
Dermatological and 
rheumatologic paradoxical 
effects
Possible increased risk of 
melanoma

Screening for sepsis, 
quantiferon, pulmonary 
radio, serology (HIV, 
hepatitis B and C 
viruses)
Contraindication if 
malignancy within the 
past 5 years
Vaccination status

Vedolizumab Intravenous: vedolizumab induction 
regimen (300 mg at weeks 0, 2, and 
6) ; maintenance regimen (300 mg 
for 4–8 weeks)

Rhinopharyngitis
Headache
Digestive infections?

Screening: sepsis, 
quantiferon, pulmonary 
radio, serology (HIV, 
hepatitis B and C viruses)
Contraindication if 
malignancy within the 
past 5 years
Vaccination status
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impact on mucosal healing of inflammatory 
endoscopic lesions. Budesonide represents an 
alternative to “conventional” corticosteroids, 
with a better safety profile due to its 90 % extrac-
tion by the liver. Because budesonide is delivered 
in the terminal ileum and right colon, it could be 
considered at a dosage of 9  mg/day in patients 
with Crohn’s disease with mild to moderate flares 
in these locations, providing clinical remission in 
nearly 50 % [7].

Thus, a short steroid course remains a pivotal 
treatment in patients with active disease. It should 
be followed by quick tapering (within 3 months) 
to limit exposure and avoid side effects. In the 
case of steroid-refractory Crohn’s disease, 
including dependence, failure, and intolerance, 
immunosuppressants and/or biologics should be 
considered.

19.2.1.2	 �Early Use of 
Immunosuppressants 
(Thiopurines and 
Methotrexate)

For more than 30 years, thiopurines (azathioprine 
and 6-mercaptopurine) have been considered as 
the referential maintenance therapy in refractory 
Crohn’s disease, providing sustained, steroid-
free remission [8–11]. However, because most 
patients who previously responded to thiopurines 
relapse with time after drug withdrawal, these 
agents are considered as having only a suspensive 
action [12, 13]. To modify the course of Crohn’s 
disease and limit thiopurine exposure, it was 
expected that an early treatment with thiopurines 
could be beneficial. This strategy was explored in 
two recent randomized control trials. 
Unfortunately, no clinical benefit of early treat-
ment with thiopurines was observed in the first 
3 years compared with controls who received a 
placebo in a Spanish trial [15] or a conventional 
step-up approach in a French one [14]. Moreover, 
one-third of the patients randomized in the con-
trol arm in the French study did not require any 
immunosuppressants during the study period. 
This suggests that giving thiopurine to patients 
with early Crohn’s disease with several poor 
prognostic factors – age at diagnosis <40 years, 
active luminal disease requiring steroids, perianal 

lesions at diagnosis – may lead to overtreatment 
in many patients. Indeed, beyond the risk of 
opportunistic infection [16] or hematologic and 
liver toxicities, a neoplastic risk related to thiopu-
rines is now well established; an increased risk of 
lymphoma [17] and nonmelanoma skin cancer 
were observed in the large, prospective CESAME 
cohort [18]. Thus, the trend of early azathioprine 
administration is declining because biologics 
have better efficacy than thiopurines [19] and an 
equivalent safety profile. At the moment, azathio-
prine is started after a first flare in the case of 
noncomplicated steroid-refractory disease [2] 
and, more often, in combination with an anti-
TNF agent (cf. Sect. 19.2.1.3).

Methotrexate is the other conventional immu-
nosuppressant that can be used in Crohn’s disease. 
Its efficacy is established by two randomized con-
trolled trials and confirmed by further meta-
analysis and seems comparable to that of 
thiopurines [20–23]. The parenteral route is pre-
ferred, with weekly 25-mg methotrexate injections 
followed by maintenance at a lower dose. Despite 
more rapid action than thiopurines and no increased 
risk of induced malignancy, methotrexate is usually 
limited to patients with previous azathioprine fail-
ure or intolerance and is associated with anti-TNF 
agents, as in inflammatory rheumatisms [24].

19.2.1.3	 �When Starting an Anti-TNF 
Early, Should We Also 
Administer an 
Immunosuppressant?

Available since 1998, anti-TNF agents have dra-
matically changed the management of Crohn’s 
disease. Two drugs that have shown efficacy as 
induction and maintenance treatments are avail-
able: infliximab [25, 26] and adalimumab [27, 
28]. Usual indications for anti-TNF agents are 
refractory and severe luminal Crohn’s disease 
after failure or intolerance of systemic steroids, 
including budesonide, and conventional immu-
nosuppressants. In addition, the efficacy of inflix-
imab has been demonstrated in fistulizing disease, 
particularly for anoperineal lesions [29]. Beyond 
their well-known clinical benefit, anti-TNF 
agents also allow patients to be weaned from 
steroids, provide mucosal healing, and may 
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prevent bowel damage that leads to strictures 
and/or fistulas and surgical resections.

Benefit of anti-TNF agents is inversely corre-
lated with the duration of Crohn’s disease; that is, 
it is better for early lesions, before bowel destruc-
tion [30]. This explains the current trend toward 
earlier and longer treatment with anti-TNF agents. 
In practice, these drugs could be considered early 
in the case of an extended and severe first attack of 
Crohn’s disease, mainly when associated with 
complicated anoperineal lesions. In the case of a 
steroid-refractory course, anti-TNF agents are 
more effective than conventional immunosuppres-
sants; this point has been demonstrated only with 
infliximab over azathioprine. In addition, the com-
bination therapy associating an anti-TNF agent 
with an immunosuppressant  – so-called 
combotherapy – is the most effective strategy, as 
shown in the SONIC trial [19]. At the moment, the 
long-term safety and duration of such combother-
apy and how to manage therapeutic deescalation in 
patients in remission are pending issues.

Concerning anti-TNF tolerance, most side 
effects are shared by both infliximab and adalim-
umab. Neoplastic risk related to anti-TNF agents 
has been scrutinized and was suggested only for 
melanoma (odds ratio, 1.88) [31]. Infection risk, 
mainly concerning opportunistic infections, is 
increased by anti-TNF agents per se, but also by 
age and associated steroids and immunosuppres-
sants [32]. Importantly, cases of tuberculosis 
developed while taking anti-TNF agents have 
become the exception since the implementation 
of systematic screening before starting treatment. 
Other common anti-TNF agent side effects are 
the occurrence of immunologic paradoxical man-
ifestations involving the skin (psoriasis-like and/
or eczema-like) or the joints.

19.2.1.4	 �Is There Still Room for 
Surgery in the Anti-TNF Era?

Nearly 20 % of patients with Crohn’s disease are 
diagnosed with a form complicated by obstruction, 
intra-abdominal abscess, or fistula [33], leading to 
early surgery, especially when the complications 
occur in within the short terminal ilium. Despite 
advances in medical treatment, the vast majority of 
patients with Crohn’s disease will require surgery 

during their lifetime because of complications or 
treatment failure. Nowadays, laparoscopy has 
become the standard surgical approach in Crohn’s 
disease, even for complicated forms [34]. Last, the 
combination of intestinal resections and medical 
therapies, such as biologics that have a low impact 
on surgical outcomes, is more frequent.

19.2.1.5	 �Initial Therapeutic Strategy: 
Graduated Approach or 
Early Combotherapy?

In the absence of a demonstrated benefit to start 
conventional immunosuppressants early, two 
major approaches could be discussed with regard 
to Crohn’s disease.

•	 The first is a step-up strategy, from steroids to 
immunosuppressants and then to anti-TNF 
agents following gradual therapeutic escala-
tion in the case of failure. This careful 
approach is usually well accepted by patients 
and could be cost-effective. However, the late 
introduction of powerful therapies may under-
treat the most severe forms, favoring bowel 
damage and intestinal surgery.

•	 The second is a maximal strategy that imme-
diately proposes the most effective approach – 
namely, the combotherapy between an 
immunosuppressant and an anti-TNF agent, 
followed if possible by deescalation once a 
deep remission of Crohn’s disease is obtained, 
including the absence of symptoms and nor-
mal biologic and endoscopic findings. Such an 
approach is supposed to modify the natural 
history of Crohn’s disease. Conversely, it 
leads to the overtreatment of patients exposed 
to long-term and multiple periods of immuno-
suppression, increasing the risk of infections 
and malignancies as well as direct costs.

19.2.2	 �What to Do in Clinical 
Practice?

19.2.2.1	 �Therapeutic Algorithm
In 2016, the initial therapeutic strategy for 
Crohn’s disease is usually a quick step-up 
approach taking into account disease severity and 

F. Poullenot and D. Laharie



233

the patient’s prognostic factors. The best estab-
lished factors associated with a poor disease 
course are young age at diagnosis, stenosing and 
penetrating phenotyp, anoperineal and/or rectal 
location, upper and extensive gastrointestinal 
tract involvement, and severe endoscopic lesions.

To summarize, a therapeutic algorithm [35] 
has been proposed for managing Crohn’s disease 
at diagnosis (Fig.  19.1): steroids alone in mild 
disease or associated with immunosuppressants 
in moderate disease without a poor prognosis and 
without complications; early anti-TNF agents 
with or without immunosuppressants in severe 
disease and in moderate forms with poor prog-
nostic factors and/or extensive intestinal involve-
ment and/or perianal lesions.

In the case of a loss of response to an anti-TNF 
agent, two primary therapeutic options should 
be considered before surgery or new therapeu-
tic agents are administered: optimizing the drug 
(reducing the dosing interval or increasing the 
dose) or switching to another anti-TNF agent – 
both ideally according to pharmacokinetics.

Vedolizumab has now become an alternative 
to anti-TNF agents in Crohn’s disease. This intra-
venously administered humanized monoclonal 
antibody specifically targets the α4β7 integrin 
and selectively blocks gut lymphocyte traffick-
ing. It can be use as induction and maintenance 
therapy after anti-TNF failure [36].

19.2.2.2	 �Monitoring Patients 
and Adjusting Therapy

Following the development of the therapeutic 
armamentarium for Crohn’s disease, new thera-
peutic goals emerged during the past decade. 
Mucosal healing and the prevention of bowel 
damage are desirable and achievable. Because 
there is a poor correlation between clinical symp-
toms and objective inflammation in Crohn’s dis-
ease [37], closely monitoring a patient using 
biomarkers (fecal calprotectin– and protein C–
reactive dosages, anti-TNF pharmacokinetics), 
endoscopy [38], and magnetic resonance imaging 
[39] identify early therapeutic changes if inflam-
mation is not controlled.

Moderate 
Crohn’s disease 

without poor 
prognostic factors and 

without disease 
complications

Mild 
Crohn’s disease

Moderate 
Crohn’s disease with 

poor prognostic 
factors, bowel damage, 

perianal fistulas or 
severe Crohn’s disease

Budesonide or 
systemic steroids

Steroids
+ azathioprine

Anti-TNF agent
(± azathioprine)

If persistent signs of objective inflammation at 6 months

(CRP and/or calprotectin, endoscopy, MRI)

Fig. 19.1  Proposed algorithm for treating Crohn’s disease (From Peyrin-Biroulet et al. [35]). TNF tumor necrosis fac-
tor, MRI magnetic resonance imaging
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19.2.3	 �Preventing Postoperative 
Recurrence: A Special Setting

Crohn’s disease most commonly affects the termi-
nal ileum and right colon. Despite therapeutic 
progress, almost 75 % of patients have surgery 
during their lifetime as a result of structuring or 
penetrating complications [40]. After bowel resec-
tion, 70–90 % of patients develop significant endo-
scopic postoperative recurrence on the neoterminal 
ileum and the anastomosis within 1  year [41], 
60 % have a clinical recurrence at 10 years [42], 
and 70 % will undergo a new surgery at 20 years 
[43]. Because endoscopic recurrence predicts clin-
ical recurrence, an endoscopic evaluation 6 months 
after surgery is recommended in order to start 
treatment early. This strategy has recently been 
validated by a randomized controlled trial [44]. A 
therapeutic algorithm for the prevention of postop-
erative recurrence is proposed in Fig. 19.2 [45].

19.3	 �Ulcerative Colitis

19.3.1	 �Mild to Moderate Forms

19.3.1.1	 �Are Salicylates 
and Corticosteroids Still 
Cornerstones of Ulcerative 
Colitis Treatment?

The efficacy of 5-aminosalicylates has been dem-
onstrated in ulcerative colitis. They remain the 
standard initial treatment in mild to moderate dis-
ease and the first-line maintenance therapy [46, 
47]. In population studies, nearly half of patients 
with ulcerative colitis are controlled with 
5-aminosalicylates alone. In active proctitis, topi-
cal 5-aminosalicylates administered via supposi-
tories or enemas have also shown good 
efficacy – better than topical steroids – and should 
be given first [48, 49]. European Crohn’s Colitis 
Organisation (ECCO) guidelines on 
5-aminosalicylate use in mild to moderate ulcer-
ative colitis are summarized in Table 19.2 [50].

Systemic steroids have still an important place 
in the treatment of active ulcerative colitis refrac-
tory to salicylates and severe forms as recom-
mended by ECCO (cf. below). They could be 

also administered locally in proctitis refractory to 
5-aminosalicylates [50].

19.3.1.2	 �Do Immunosuppressants 
and Anti-TNF Agents Have 
a Place in the Early 
Treatment of Ulcerative 
Colitis?

Conventional immunosuppressants are consid-
ered as a maintenance treatment for ulcerative 
colitis when 5-aminosalicylates fail or are not tol-
erated. They have a more limited role in treating 
ulcerative colitis than in treating Crohn’s disease. 
If the efficacy of thiopurines, mainly azathio-
prine, has been demonstrated in ulcerative colitis 
[51, 52], the benefit of methotrexate is more con-
troversial [53]. Conversely, with Crohn’s disease, 
the duration of ulcerative colitis is not correlated 
with drug efficacy. Anti-TNF agents have no 
early indication as a first-line treatment in mild to 
moderate forms of disease.

19.3.2	 �Refractory Forms

Steroid-refractory ulcerative colitis combines ste-
roid dependence, resistance, and intolerance. In 
these cases, starting immunosuppressants with or 
without an anti-TNF agent should be discussed. 
The efficacy of three anti-TNF blockers – inflix-
imab, adalimumab [54, 55], and golimumab [56, 
57] – has been demonstrated in refractory ulcer-
ative colitis, and they are approved for use in the 
case of steroid and immunosuppressant failure. 
As observed in Crohn’s disease, the combother-
apy of immunosuppressants and anti-TNF agents 
is probably the most effective strategy [58]. In the 
case of anti-TNF agent failure, vedolizumab 
should be considered as induction and mainte-
nance treatment in refractory ulcerative colitis 
before surgery [59]. Management of refractory 
ulcerative colitis is summarized in Fig. 19.3 [60].

19.3.3	 �Acute Severe Colitis

Acute severe ulcerative colitis occurs in one of 
every four patients and could manifest during the 
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first attack. This specific situation is a life-
threatening emergency that must be managed by 
experienced medico-surgical teams. Diagnosis of 
acute severe ulcerative colitis is still based on the 

traditional Truelove and Witts criteria [61], as 
recommended by ECCO. In summary, a ulcerative 
colitis flare with at least six stool emissions in 24 h 
and associated with general signs (fever, tachycardia, 

RISK FACTORS :
Active smoking

Penetrating behavior
Perianal lesions

Prior intestinal resction
Extensive small bowel disease

No risk Factors One risk factor

≥ 2 risk factors 
and/or patient on 
anti-TNF for ≥ 6 

months at the time of 
surgery 

No treatment
(or 5-ASA)

Thiopsurine +/-
antibiotics

Anti-Tumor 
necrosis factor 

(TNF)

Ileocolonoscopy 
at 6 months

Ileocolonoscopy at 
6 months

Ileocolonoscopy 
at 6 months

Rutgeerts’
score < 2

Rutgeerts’
score ≥ 2

No 
treatment
(or 5-ASA)

Rutgeerts’
score < 2

Rutgeerts’
score ≥ 2

Rutgeerts’
score < 2

Rutgeerts’
score ≥ 2

Thiopurines 
and/or anti-

TNF

Continuation 
of thiopurines

Anti-TNF
Continuation 
of anti-TNF

Anti-TNF 
optimisation OR 

switch to 
another biologic

Fig. 19.2  Strategy for the prevention and treatment of postoperative recurrence of Crohn’s disease (From Buisson et al. [45])
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loss of weight) and/or laboratory abnormalities 
(anemia, increased neutrophils, elevated C-reactive 
protein, hypoalbuminemia) should be considered as 
acute severe ulcerative colitis and the patient be 
admitted to a specific unit.

After ruling out an active colonic infection, 
including Clostridium difficile, intravenous ste-
roids are the mainstay of medical treatment of 
acute severe ulcerative colitis, with the aim of 
achieving a quick clinical remission (in less than 

Table 19.2  Treatment of mild to moderate ulcerative colitis

Disease extent Induction treatment Maintenance treatment (for in all 
situations)

Proctitis 5-ASA (1 g suppository once a day)
Switch to topical steroids in the case of failure
Add oral salicylates and/or steroid enemas if failure
Immunomodulators in refractory proctitis failurea 
(immunosuppressants or anti-TNF)

5-ASA suppository (1 g 3 times/week)
Combine with oral salicylate only as 
second-line treatment (minimum 
effective dose of at least 1.2 g/day)

Left colitis 5-ASA enema, 1 g per day (single dose)
Combine with oral aminosalicylate 2–4 g/day (single 
dose)
If failurea: oral steroids

Oral salicylate treatment once daily 
(>1.2 g/day)
Association with topicals (3 times/
week)

Pancolitis Oral aminosalicylates 2–4 g/day (single dose)
Combined with topical 5-ASA (suppository or enema)
If failurea: oral steroids

Oral salicylate treatment once daily 
(>1.2 g/day)
Association with topicals (3 times/
week)

Adapted from ECCO recommendations [50]
5-ASA 5-aminosalicylate, TNF tumor necrosis factor
aIn the case of failure of salicylate treatment or before therapeutic change, infectious colitis and problems with compli-
ance should be eliminated

5-ASA failure despite 
an optimal treatment

Steroid-dependent 
UC 

Steroid-refractory 
UC

Steroids
(+/-azathioprine)

Azathioprine if 
inactive-mildly 
active disease 
OR anti-TNF if 
moderately to 

severely active 
disease

Anti-TNF initiation
(or optimization if
already on anti-

TNF) 
+

azathioprine

Persistent signs of
objective inflammation at 2–3 months 
(calprotectin and/or endoscopy)

Persistent signs of
objective inflammation 

at 2–3 months 
(calprotectin and/or 

endoscopy)

Fig. 19.3  Proposed algorithm for treating ulcerative colitis (From Danese et al. [60]). UC ulcerative colitis, 5-ASA 
5-aminosalicylate acid, AZA azathioprine, TNF tumor necrosis factor
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a week). In the absence of sufficient improve-
ment that can be predicted after 3 days according 
to the number of stools and C-reactive protein 
concentration, two options should be considered: 
emergent colectomy or second-line medical ther-
apy with intravenous cyclosporine or infliximab. 
When combined with azathioprine, both drugs 
have an outstanding efficiency, providing clinical 
remission within 1  week in more than 80 % of 
patients [62]. A recent strategic therapeutic trial 
failed to identify a difference in efficacy in the 
short and medium term between cyclosporine 
and infliximab [63]. In the case of failure of the 
second-line medical therapy, emergent colec-
tomy should be performed.

�Conclusion

Medical management of IBD upset in the past 
decade has seen the increased use of immuno-
suppressants and anti-TNF agents earlier and 
longer than ever. The advent of anti-TNF 
agents deeply changed therapeutic strategies. 
Therapeutic goals have become more ambi-
tious, aiming to modify the disease course. 
They must take into account disease severity, 
prognostic factors, and surrogate markers of 
inflammation, as well as patient safety and 
direct costs. Although the amount of reassur-
ing data is increasing, there remain practical 
issues related to treatment duration and the 
long-term safety of these new drugs. As thera-
peutic decisions in inflammatory bowel dis-
ease become increasingly complex, discussion 
within multidisciplinary teams should become 
more widespread, especially with the several 
monoclonal antibodies that will be available 
in the future, starting with the anti–α4β7 inte-
grin vedolizumab.
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Endometriosis

Gian Andrea Binda, Alberto Serventi, 
and Alessandro Fasciani

20.1	 �Definition and Etiology

Endometriosis is the presence of endometrial-
like tissue outside the uterus that induces a 
chronic inflammatory reaction. It is not possible 
to define endometriosis as a ‘disease’, ‘illness’ 
and/or a ‘physiological phenomenon’ with a 
known cause or known triggers/mechanisms. 
Consequently, endometriosis remains a consider-
able diagnostic and therapeutic challenge as the 
signs and symptoms of disease vary according to 
the location and severity of the endometriotic 
implants, as well as the psychosocial impacts on 
the woman.

There is a considerable literature on the epide-
miology of endometriosis [1] that consistently 
identifies nulliparous women and women who 
experience short and heavy menstrual cycles as 

being at increased risk. Other factors have been 
studied but the data are less consistent. These 
epidemiological findings support the retrograde 
reflux hypothesis. Other hypotheses include the 
induction theory, the celomic metaplasia theory, 
and the embryonic rests theory all of which have 
been put forward to explain the pathogenesis of 
endometriosis. Although not all of these alterna-
tive theories have been abandoned, at present, 
retrograde menstruation is considered the primum 
movens responsible for the development of the 
disease, at least in its form of peritoneal implants. 
There is now a general consensus that peritoneal 
endometriotic lesions can be attributed to the 
survival, adhesion, proliferation, invasion and 
vascularization of endometrial tissue regurgitated 
through the fallopian tubes during menstruation, 
an idea referred to as implantation theory. 
However, the pathogenesis of ovarian endome-
triosis and of specific forms of deep endometrio-
sis is still controversial. Thus, one of the main 
debates is whether the different forms of the 
disease have a common etiology or, conversely, 
represent separate entities with different 
pathogeneses.

At present, superficial endometriosis (lesions 
on the surface of peritoneum) is considered a nor-
mal phenomenon in women in the childbearing 
years, whereas ovarian and deep infiltrative 
endometriosis (DIE), defined as the penetration 
>5 mm under the peritoneal surface, are the more 
severe and generally painful manifestations of 
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the condition. These lesions are considered very 
active and can be highly symptomatic since DIE 
implants are found in specific locations, such as 
uterosacral ligaments and torus uterinus (retro-
cervical area of the uterus where the uterosacral 
ligaments join together) in 53 %, the pouch of 
Douglas, vagina and recto-vaginal septum (16 %), 
ureter (2 %), bladder (6 %), vesico-uterine pouch 
and digestive tract (23 %) [2, 3]. Intestinal endo-
metriosis is defined as the presence of lesions 
affecting the gastro-intestinal tract: the implants 
are usually serosal but can eventually erode 
through the subserosal layers and cause marked 
thickening and fibrosis of the muscularis propria. 
An intact overlying mucosa is almost always 
present, because the implanted tissue only rarely 
invades the mucosa (Fig. 20.1).

20.2	 �Incidence and Epidemiology

Endometriosis affects 6–10 % of all women of 
childbearing age. Endometriosis has estimated 
annual costs of approximately US $12,400 per 
woman (approximately € 11,000), comprising 
one-third of direct health care costs with two-
thirds attributed to loss of productivity. Based on 
a review of cost estimates, the annual costs of 
endometriosis attained $22 billion in 2002 in the 
United States. These costs are considerably 
higher than those related to Crohn’s disease or to 
migraine. Decreased quality of life is the most 

important predictor of direct health care and total 
costs.

Endometriosis is predominantly found in 
women of reproductive age of all ethnic and 
social groups and generally associated with pel-
vic pain and infertility. Infertility problems can 
impact on the physical, mental and social well 
being of a woman and can have a profound effect 
on her life, including the ability to finish an edu-
cation, maintain a career, or to create a family. 
For these reasons the European Union Written 
Declaration has recognized endometriosis as a 
disease with an important economic impact on 
the community demonstrating a significant asso-
ciation with health costs related to diagnostic 
delays and therapeutic expenses including sur-
gery, drugs, and assisted reproductive technolo-
gies (ART) [4].

DIE occurs in up to 30–40 % of patients with 
endometriosis whereas intestinal endometriosis 
has been estimated to occur in 8–12 % of these 
women [5]. Deep gastrointestinal involvement in 
endometriosis is characterised by fibrous, retrac-
tile thickening of the intestinal wall. The most 
common location is the upper rectum, in conti-
guity with a lesion of the torus uterinus since its 
prevalence increases with the severity of pelvic 
involvement reaching 50 % in stage IV of the 
American Fertility Society (AFS). Chapron et al. 
[6] reported the anatomical distribution of DIE 
lesions in the digestive tract in 426 consecu-
tive patients who underwent complete surgical 

a b

Fig. 20.1  An endometriotic nodule infiltrating the intestinal wall to the submucosal layer. (a) lumen reduction, 
(b) fibrotic core
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excision of DIE: recto-sigmoid junction and 
rectum in 65.7 %, sigmoid in 17.4 %, appendix 
in 6.4 %, small bowel in 4.7 %, cecum and ileo-
cecal junction in 4.1 %, and omentum in 1.7 %. 
Furthermore rectal lesions are associated with a 
second intestinal lesion in 54.6 % of cases [7].

20.3	 �Classification

The revised American Society for Reproductive 
Medicine (rASRM) score [8] is currently the 
best-known classification of endometriosis and is 
the one most widely used throughout the world 
(Fig. 20.2).

It is relatively easy to use, but it does not take 
into account the involvement of retroperitoneal 
structures with deeply infiltrating endometriosis. 
For this reason, the Enzian classification was 
developed as a supplement to the rASRM score, 
in order to provide a morphologically descriptive 
classification of deeply infiltrating endometriosis 
(Fig. 20.3) [9].

20.4	 �Diagnostics

The diagnosis of endometriosis is histological 
and it follows a surgical procedure in most cases.

Preoperative diagnosis is sometimes very 
difficult because symptoms are common and 
mimic others frequent pathology (i.e. irritable 
bowel syndrome, appendicitis, adhesions, etc.). 
Opinion leaders continue to support the need of 
a reliable non-invasive test to distinguish 
between the pain endometriosis and other 
causes since there is a significant delay in the 
diagnosis of this pathology: recent studies 
report an overall diagnostic delay of 10 years in 
Germany and Austria, 8  years in the UK and 
Spain, 7 years in Norway, 7–10 years in Italy 
and 4–5  years in Ireland and Belgium [10]. 
Ballard et al. [10] distinguished between delays 
at the patient level and delays at the medical 
level. This is generally because both women 
and family doctors tend to consider this type of 
pain as normal menstrual discomfort and 
neglect the need for treatment.

20.4.1	 �Symptoms

In endometriosis typical symptoms include dys-
menorrhoea, deep dyspareunia (pain on deep 
penetration), dyschezia (pelvic pain with defeca-
tion), dysuria (pain with micturition) although 
the association between endometriosis stage and 
severity of pelvic symptoms has been demon-
strated to be marginal and inconsistent [11]. 
Symptoms are usually synchronous with 
menstruation.

Pelvic pain is an important issue in the health 
care of women contributing to 10 % of all outpa-
tient gynaecological visits, 40 % of laparoscopies 
and is the indication for 10–15 % of hysterecto-
mies [12]. The existence of a relationship between 
chronic pelvic pain symptoms and endometriosis 
is widely accepted, but various other painful pel-
vic symptoms are also normally present in the 
general population.

Women presenting with rectal endometriosis 
are more likely to report an increase in intensity 
and duration of dysmenorrhoea, while deep dys-
pareunia appeared to be more severe in women 
with superficial endometriosis. Women present-
ing with rectal endometriosis are more likely to 
present cyclic defecation pain (67.9 %), cyclic 
constipation (54.7 %) and a significantly longer 
stool evacuation time, although these com-
plaints are also frequent in women with Stage 1 
endometriosis and in women with deep endo-
metriosis without digestive involvement. No 
independent clinical factor has been found to be 
related to infiltration of the rectum by deep 
endometriosis and few women with rectal endo-
metriosis present with rectal stenosis, however 
these women are significantly more likely to 
report constipation, defecation pain, appetite 
disorders, longer evacuation time and increased 
stool consistency without laxatives. Various 
digestive symptoms seem to be more related to 
cyclic inflammation than to rectal infiltration by 
the nodule, as they occur in women free of rectal 
involvement [13].

Ileocecal endometriosis may mimic appendi-
citis while other intestinal locations may cause 
bloating and discomfort related to narrowing, 
however intestinal occlusion is exceptional.

Endometriosis
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Fig. 20.2  The revised American Society for Reproductive Medicine (rASRM) score for endometriosis
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20.4.2	 �Physical Examination

20.4.2.1	 �The Gynecologist
Patients suspected to have endometriosis should 
ideally first attend a gynaecologist with a special-
ist interest. A finding of pelvic tenderness, a fixed 
retroverted uterus, tender uterosacral ligaments 
or enlarged ovaries leads to a potential diagnosis 
of DIE. The diagnosis is more certain if deeply 
infiltrating nodules are found on the uterosacral 
ligaments or in the pouch of Douglas, and/or vis-
ible lesions are seen in the vagina or on the cer-
vix, however, physical examination is often 
inconclusive because lesions, most lesions are 
inaccessible to digital pelvic examination and 
colposcopy.

20.4.2.2	 �The Colorectal Surgeon
Since medical management of bowel endometri-
osis is currently emperic, the expectant manage-
ment should be carefully balanced with the grade 
of symptoms by the specialist gynecologist who 
has the role of referring patients to the colorectal 
surgeon (CRS) when severe intestinal DIE is 
suspected.

Pelvic nodules are detected either through 
direct palpation or by causing pelvic pain on pal-
pation of the anterior rectal wall. Bimanual digital 
exploration allows evaluation of involvement of 
the rectovaginal septum. The integrity and func-
tion of the anal sphincters is also checked during 
the examination: this is extremely important 
should a low rectal resection become necessary.

The clinical exam is completed by a rigid 
proctoscopy. Visualization of the mucosa allows 
diagnosis of potential causes of rectal bleeding. 
Rectal distention by air insufflation may trigger 
pelvic pain, while palpation of the anterior rectal 
wall with the proctoscope helps to localize the 
level of involvement by measuring its distance 
from the anus.

The surgeon has to confirm the clinical diag-
nosis of DIE through an appropriate patient his-
tory and clinical examination including a 
proctoscopy; subsequently the CRS has to evalu-
ate a presumable level of intestinal involvement 
in order to plan the appropriate type of procedure 
especially when the rectum is affected. Only at 
this stage the surgeon is able to discuss the case 
with the patient providing detailed information 
about the type of surgery and its possible related 
complications for achieving an appropriated 
consent.

20.4.3	 �Imaging

Transvaginal sonography (TVS) performed after 
bowel preparation should be the first-line imag-
ing examination and is the best imaging modality 
for identifying intestinal lesions, determining the 
depth of bowel wall invasion and the circumfer-
ence of involved bowel. This method allows 
dynamic evaluation from the anal verge to the 
sigmoid with high spatial resolution and minimal 
patient discomfort. The proximity between the 
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transducer and the targeted structure provides 
superior contrast resolution, which is important 
for visualizing small and laterally located lesions. 
A useful tool for preoperative mapping of endo-
metriosis by TVS (the Endometriosis Surgical-
Ultrasonographic System) has recently been 
developed with the specific aim of creating a 
common language so that physicians who are 
dedicated to the diagnosis and treatment of 
patients with severe endometriosis can accurately 
share clinical data. It gives clinicians the opportu-
nity to decide on the best surgical approach, to 
evaluate the potential need to involve other surgi-
cal specialists (general surgeon or urologist), to 
establish a tailored management of the disease, 
and to properly inform patients of the extent of 
the disease and therapeutic options [14].

TVS is as accurate as transrectal US for diag-
nosing intestinal lesions and identifying the 
bowel layers affected, and it yields better results 
than magnetic resonance (MR) imaging for the 
assessment of deeply infiltrating endometrial 
implants in other pelvic locations, especially 
small (<1.5-cm-diameter) lesions of the uterosac-
ral ligament and bladder [15]. MR imaging is an 
excellent method for identifying old hemorrhagic 
content that characterizes endometriomas and for 
mapping multiple DIE implants, given its large 
field of view, multiplanar capabilities, and out-
standing contrast resolution. Extensive pelvic 
adhesions and ureteral involvement are two 
important indications for MR imaging [16]. In 
DIE lesions are mostly hypoechoic in compari-
son with the myometrium: on MR images, they 
have signal intensity similar to that of smooth 
muscle, with low signal intensity on T2-weighted 
images, intermediate signal intensity on 
T1-weighted images, and minimal enhancement 
after the intravenous injection of contrast mate-
rial. Cystic areas may be present, with or without 
hemorrhagic content.

MR imaging is less sensitive than endorectal 
ultrasound (ERUS) for DIE in the rectal wall but 
is more specific, up to 95 % [3]. The MR sensitiv-
ity may be improved with by use of endocavity 
probes [16] or with intra-rectal contrast [17] 
(Fig. 20.4). Since intestinal involvement is often 
associated with multifocal disease, MR imaging 

is essential for complete staging of disease. 
ERUS is the standard technique to evaluate DIE 
of the rectal muscular layer with 97 % sensibility 
and 85 % specificity [18]. TVS may have similar 
sensitivity and specificity for rectal endometrio-
sis with less patient discomfort and in expert 
hands could replace ERUS [7]. CT scan is of less 
value and is used when MRI is impracticable or 
for specific sites (e.g. urethral involvement) [17].

20.5	 �Treatment

Management of patients with endometriosis is 
multidisciplinary, ideally performed in specialist 
referral centres [19]. It is very important to iden-
tify the objectives and the expectations of the 
woman at this stage. The planned treatment must 
take into account any desire for pregnancy, the 
presence of other infertility associated factors, 
multifocal lesions and heterogeneity of the dis-
ease. Endometriosis is not a malignant condition 
and radical surgery can have major complications 

Fig. 20.4  Double contrast pelvic MRI showing the pres-
ence and the grade of rectal infiltration by a DIE nodule
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(intestinal, urinary, vascular), therefore the 
patient must be involved in the decision on her 
own ‘customised’ treatment.

20.5.1	 �Medical Treatment

Endometriosis is an estrogen-dependent disease 
that tends to disappear with menopause. Medical 
treatments, based on the concept that the eutopic 
and ectopic endometrium respond similarly to 
sex hormones, are hormonal and based on block-
ing ovarian function. Several therapeutic classes 
are available (combined oral oestroprogestative, 
GnRH analogues etc.) and offer free intervals 
from pain causing atrophy of endometriotic 
implants. Their effectiveness is similar, so the 
choice is based on cost and balance of side effects 
[20]; in this context, combined oral contraception 
is often used initially [11]. In infertile patients, 
in  vitro fertilization may be considered either 
before or following surgery for DIE [21].

20.5.2	 �Surgery

Bowel surgery should only proceed on the basis 
of shared decision-making after thorough consid-
eration of risks versus benefits, ideally following 
multi-disciplinary consultations and full infor-
mation to the patient who shares the final deci-
sion. The role of a purely diagnostic laparoscopy 
has been questioned and, ideally, there should 
always be the option of continuing to surgical 
removal of endometriosis, within the limitations 
of the surgeon’s expertise. It is also important, 
particularly in cases of more severe endometriosis, 
that surgeons consider the option of limiting sur-
gical excision at an initial operation in order to 
refer to a surgeon better equipped to deal with 
endometriosis, as a single radical surgery has 
been shown to deliver the greatest benefit [22]. 
Surgery in the follicular phase of the menstrual 
cycle avoids the presence of a hemorrhagic cor-
pus luteum and one study suggested an increased 
recurrence rate for surgery undertaken in the 
luteal phase, possibly due to re-implantation 
through retrograde loss of endometrial tissue at 

subsequent menses while the sites of surgically 
removed lesions are healing [23].

The experience of the surgeon is critical in a 
decision for local removal of a nodule infiltrating 
the intestinal wall as incomplete resection may 
not relieve symptoms [24], while radical inter-
vention increases the risk of major complications 
such as ureteric and rectal injuries.

First operations tend to produce a better 
response than subsequent surgical procedures, 
with pain improvements at 6 months in the region 
of 83 % for first excisional procedures versus 
53 % for second procedures [22, 25]. Excessive 
numbers of repeated laparoscopic procedures 
should therefore be avoided.

The surgical options for treating DIE in the 
bowel include peeling, disc excision or segmental 
excision and re-anastomosis. The peeling tech-
nique has the advantage that it avoids opening the 
bowel but it carries a risk of incomplete excision 
[6] and bowel microperforation that may not be 
recognized potentially leading to post-operative 
pelvic peritonitis. The hydropneumatic test (visu-
alization of bubbles in the pelvis filled with water 
after air insufflation of the rectum) may be used 
to identify microperforation but is not always 
diagnostic and resection may be considered as 
safer in some cases.

Nezhat et al. [26] were the first to report a case 
series of eight patients treated with laparoscopic 
disk excision for endometriosis affecting the ante-
rior colonic wall. Anterior rectal wall excision 
using a circular stapler was first proposed by 
Gordon et al. [27] to avoid the risks of a low extra-
peritoneal anastomosis in cases of nodular endo-
metriosis invading the rectovaginal septum. Others 
[28, 29] have confirmed the feasibility of laparo-
scopic full thickness disk excision of endometrio-
sis. The upper limit of the size of the lesion that 
can be removed is questionable and subjective 
because it is assessed visually, but it is generally 
agreed that lesions excised in this way should not 
exceed 2–3 cm in diameter and should not involve 
more than one-half of the circumference of the 
rectum. Disk excision may result in incomplete 
excision as endometriosis may infiltrate the large 
bowel wall preferentially along the myenteric 
plexus up to 3 cm from the palpated lesion [30].
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The decision to carry out segmental bowel 
resection should be individualized. A decision to 
resect is supported by the depth of nodular infil-
tration, size and multicentricity of nodules, and 
the risk of incomplete excision [31]. Currently, 
only a complete surgical resection based on 
removal of all endometriosis lesions is consid-
ered adequate to controls the symptoms [32, 33] 
and prevent recurrence [34, 35]. The issue of how 
to treat lymph node involvement is unresolved as 
the clinical importance of lymph node involve-
ment is not yet clarified [36].

The variety and depth of infiltration into other 
organs is testified by the number of previous sur-
gical interventions, up to 82 % in the series 
reported by Dousset et al. [37] and by the number 
of synchronous procedures on the reproductive 
and urinary organs. Ileocolic locations should be 
searched carefully intraoperatively because pre-
operative imaging fails to identify these in over 
50 % of cases. These may be treated by appen-
dectomy, caecal, ileal or ileocaecal resection 
depending on the location.

Patients with DIE and rectal involvement may 
require a sub-total or total proctectomy depending 
on the level of lesion in relation to the anal sphinc-
ter with subsequent low or ultralow coloanal anas-
tomosis. The resection may be extended “en 
block” to posterior vaginal cul-de-sac, uterosacral 
ligaments or sigmoid when involved; this is exten-
sive surgery and requires in most cases a protec-
tive temporary ileostomy to prevent the sequele of 
an anastomotic leak or a rectovaginal fistula.

The ureters should always be identified and 
followed distally to ensure the absence of 
infiltration by endometriotic nodule. Extrinsic 
involvement is treated with a “decompression” 
protected by a double J stent. Intrinsic ureteral 
involvement is treated by resection followed by 
ureteral-bladder reimplantation or nephrectomy 
in case of chronic ureterohydronephrosis. During 
mobilization, the hypogastric plexus should be 
identified and preserved to avoid sexual or uri-
nary functional alteration such as peripheral neu-
rogenic bladder. This may be achieved by 
preserving the superior haemorrhoidal artery. 

Post operative neurogenic bladder is more com-
mon following proctectomy with coloanal anas-
tomosis, total hysterectomy and presence of up to 
four DIE pelvic locations [37].

In mobilizing the rectum, dissection in the 
avascular mesorectal ‘holy plane’ is important to 
minimise autonomic nerve injury. When the 
recto-vaginal septum is involved, posterior isola-
tion of the rectum below the nodule is advised 
and once the nodule is freed from the vaginal 
wall, the rectum is already mobilized and ready 
for “en block” resection.

Treatment of adnexal lesions is as conserva-
tive as possible combining, ovarian cystectomy, 
oophorectomy, and/or salpingectomy as required. 
Non-conservative hysterectomy is performed 
only in selected patients of more than 40 years 
old, in case of bilateral adnexal involvement and 
absence of desire for pregnancy. The presence of 
DIE involving the bladder is treated by partial 
cystectomy [38]. All superficial peritoneal lesions 
should be treated with ablation or excision.

Laparoscopic assisted surgery is ideal in DIE as 
postoperatively there are fewer peritoneal adhe-
sions (a possible cause of further symptoms), faster 
recovery, enhanced fertility and better cosmesis. In 
the only prospective randomized trial to compare 
open versus laparoscopically-assisted colorectal 
resection for endometriosis, the patients in the lap-
aroscopic group required less use of parenteral nar-
cotics, had fewer grade 3 complications, and lower 
median blood loss, in addition to improved fertility 
[39]. Furthermore, the reduction of adhesion for-
mation following laparoscopy is just as important 
for patients at risk of further subsequent surgery as 
is cosmetics in these usually very young patients 
[40]. Wills [41] reports an 11 % conversion rate in 
81 rectal resections, 81.4 % of which were per-
formed laparoscopically. A review of the literature 
found the conversion rate to range between 0 % and 
20 %, with an estimated mean of 7.8 % [42].

In order to minimize alterations of the abdomi-
nal wall, removal of the specimen through the 
vagina after rectal or colon resection has also been 
proposed: in one study, conducted on 33 patients, 
postoperative dyspareunia was not found [43].
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20.6	 �Results

20.6.1	 �Morbidity

Generally, the surgical complication rates are higher 
following colorectal resection for DIE than for can-
cer surgery. Dousset et al. reported early complica-
tions in 16 %, with anastomotic leaks in 2 %, 
rectovaginal fistula in 4 %, and reoperations in 7 % 
of 100 cases [37]. A review by Emmanuel and Davis 
[44], found morbidity rates between 10 % and 30 %, 
while Jerby et al. reported lower complications rate 
after laparoscopic resection surgery [45]. The inci-
dence of anastomotic fistula varies between 0 % and 
17 %, while the incidence of a recto vaginal fistula is 
greater than 10 %. More than 30 % of patients expe-
rience post operative changes in urinary and intesti-
nal function. It is difficult to discriminate between 
the effects of resection from the other associated 
procedures when considering the remission of 
symptoms in resected patients. Neurologic bladder 
has been reported in 16–29 % of cases [37, 46].

20.6.2	 Functional Outcome

There are relatively few studies of long-term 
outcome following colorectal resection for 
DIE.  Complete remission of pelvic pain after 
intestinal resection has been reported [37, 47–49] 
with significant improvement in quality of life 
measured by the QOL SF-36 instrument [50]. 
Although RCTs have failed to demonstrate the 
benefit of excision over ablation [51, 52], there is 
consensus that lesions should be excised where 
possible, especially DIE [53]. However, even 
after expert removal of endometriosis, there may 
be recurrence of symptoms and endometriotic 
lesions that varies from 10 % to 55 % within 
12 months [54], with recurrence affecting 10 % 
of the remaining women each additional year 
[55]. The risk of needing further surgery is higher 
in women younger than 30 years at the time of 
surgery [56, 57], the most frequent indications 
being a need for hysterectomy or division of 
intestinal adhesions [37, 49].

20.6.3	 Fertility

While some defecatory symptoms may 
improve following surgery, especially irregular 
bowel habit and pain on defecation, constipation 
may increase postoperatively [58]. The reasons 
are unclear but may reflect anterior rectal resec-
tion or autonomic denervation. The effect on con-
stipation seems unrelated to the level of resection, 
however the outcome does not generally have a 
significant impact on quality of life.

It is difficult to relate fertility to DIE surgery 
since rates range between 23 and 48 [49, 50, 58]. 
In a randomized trial comparing laparoscopic ver-
sus open resection for DIE with rectal involve-
ment, Darai et al. [39] reported a 20 % fertility rate 
in women with infertility, which rose to 60 % after 
laparoscopic surgery. Fewer adhesions and faster 
recovery could explain the improvement, suggest-
ing that laparoscopy, besides age, duration of 
infertility and adenomyosis, may be a determinant 
factor of fertility outcome [59]. It is therefore very 
difficult to evaluate the impact of intestinal resec-
tion on fertility and further studies are needed.

�Conclusions

The management of endometriosis requires 
specialized multidisciplinary treatment. 
Surgical treatment of bowel endometriosis is 
associated with a significant rate of complica-
tions and any woman undergoing this type of 
surgery must be fully informed of the possible 
risks and complications. Surgery for DIE 
should be undertaken only after a complete 
preoperative mapping of the disease, a thor-
ough evaluation and should be performed 
laparoscopically when possible. While suc-
cessful in treating symptoms with a low risk of 
recurrence, surgery is always an extensive 
procedure with a potential morbidity. An 
experienced team can avoid the pitfalls of 
inadequate or incomplete surgery and achieve 
low morbidity rates, especially at the first sur-
gery, since subsequent surgery is more diffi-
cult and associated with a higher risk of poor 
outcome. With this philosophy, different 
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specialists constitute part of an overall solu-
tion in the treatment plan for each patient to 
manage their individual symptomatic profile.
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Appendicitis

P. Ronan O’Connell

21.1	 �Introduction

The appendix has long been considered to be a 
vestigial organ with little or no physiological 
function; its importance to surgery is related only 
to a potential to become inflamed, causing 
abdominal pain and on occasion progressing to 
perforation, causing peritonitis. However, there 
is an increasing body of evidence that indicates 
roles for the appendix in early maturation of the 
gut immune system and as a repository for the 
colonic microbiome [1]. These functions may be 
of relevance in the apparent protective effects of 
childhood appendicectomy against later develop-
ment of ulcerative colitis [2] and deleterious 
effects on recovery from Clostridium difficile 
infection and other infectious colitides [3]. New 
genetic and proteomic sequencing techniques, 
coupled with bioinformatic analysis, will 
undoubtedly provide greater insights into the 
physiology of the appendix in health and its role 
in the pathophysiology of appendicitis and other 
intestinal diseases.

21.2	 �Incidence and Etiology

Acute appendicitis is the most common acute 
abdominal surgical diagnosis, with over 300,000 
patients diagnosed annually in the United States. 
The incidence increased greatly during the first 
half of the twentieth century; however; there has 
been an as yet unexplained decrease in the rate of 
diagnosis in the past 30 years. Acute appendicitis 
is relatively rare before the age of 2 years and is 
most common during late teenage and early adult 
life. Notwithstanding the frequency of right iliac 
fossa pain in young females, the incidence of 
appendicitis is marginally greater in males.

Relatively little is known about the pathophysi-
ology of appendicitis, first described by Reginald 
Fitz in 1886 as a “perforating inflammation of the 
vermiform appendix.” The incidence of appendi-
citis, like that of diverticulitis, is less in societies 
that consume a relatively high-fiber diet; however, 
this may prove to be a coincident observation and 
reflect differing microbiota, levels of hygiene, gut 
immune maturity, or achievement of an early diag-
nosis. Many episodes of appendicitis resolve 
spontaneously (just as with diverticulitis), and a 
history of right iliac fossa pain is not uncommon.

The most widely accepted theory relating to 
the etiology of appendicitis is that a relative 
obstruction of the appendiceal lumen, due to 
lymphoid hyperplasia, a bolus obstruction, or a 
fecolith, results in mucus accumulation, bacterial 
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overgrowth, and mucosal ulceration. Progression 
to necrosis and perforation occurs when intramu-
ral pressure increases, obstructing lymphatic and 
venous return and leading to ischemic necrosis. 
Seasonal variation in the incidence, coupled with 
the clustering of cases, especially in children, 
suggests a possible, as yet unidentified infective 
agent. Recent research has found significant vari-
ations in microbiota and differences in the expres-
sion of antimicrobial peptides between healthy 
and inflamed appendix samples [4]. Whether 
these changes are secondary to the inflammatory 
process or underlie the etiology remains to be 
determined.

21.3	 �Diagnosis

The diagnosis of appendicitis has traditionally 
relied on clinical assessment. Typically, symp-
toms begin with poorly localized, colicky 
abdominal pain accompanied by anorexia and 
mild systemic features of inflammation. The ini-
tial visceral pain reflects distention of the appen-
dix; however, as appendiceal inflammation 
develops, the parietal peritoneum becomes 
inflamed, leading to more localized somatic 
sensation. The classical location is in the right 
iliac fossa, but the position of the appendix is 
not constant, and a pelvic or retroperitoneal 
location frequently causes difficulty in clinical 
diagnosis.

Two syndromes of acute appendicitis can be 
distinguished: nonobstructive and obstructive. 
The latter has a more acute presentation, with fre-
quent progression to perforation. This form is 
commonly associated with the presence of a 
fecolith that may be identified on a supine 
abdominal radiograph or computed tomography 
(CT) scan (Fig. 21.1).

A number of clinical signs described in the era 
before widely available cross-sectional imaging 
are used to assist in clinical diagnosis (Table 21.1). 
In the modern era these are of more historical 
interest; however, localized tenderness with 
rebound (not to be repeated) remains a cardinal 
feature.

21.3.1	 �Differential Diagnoses

The clinical diagnosis of appendicitis is challeng-
ing because of the extensive differential diagno-
sis, particularly in young children, the elderly, and 
women of childbearing age or who are pregnant.

Fig. 21.1  Computed tomography scan of the lower abdo-
men showing a calcified fecolith at the center of an 
inflamed appendix mass in the right iliac fossa

Table 21.1  Clinical signs associated with appendicitis

Name Description

Pointing sign Patient points to the right iliac fossa 
when asked to locate the maximum 
point of tenderness

Dunphy sign Pain in the right iliac fossa with 
coughing

Rovsing sign Pain in the right iliac fossa in response 
to palpation of the left iliac fossa

Psoas sign Patient lies with the right hip flexed; 
pain increases with passive extension 
of the right hip

Obturator sign Increased pain with flexion and internal 
rotation of the right hip
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In children, the most common differentials are 
mesenteric lymphadenitis, acute gastroenteritis, 
and, in those younger than age 2 years, ileocecal 
intussusception. Henoch-Schönlein purpura is 
often associated with right iliac fossa pain; an 
upper respiratory tract infection and a developing 
ecchymotic or purpuric rash on the limbs or but-
tocks usually precede this.

In adults, nonspecific ileitis, Yersinia entero-
colitica infection, or acute presentation of 
Crohn’s ileitis may be difficult to distinguish 
clinically; however, imaging is usually a diagnos-
tic indicator of ileitis rather than appendicitis. 
Perforation of a duodenal ulcer may result in 
fluid tracking along the right paracolic gutter, 
whereas sigmoid diverticulitis is an important 
differential in patients over 40. Inflammation of a 
Meckel diverticulum may be indistinguishable 
from appendicitis.

In women of childbearing age, pelvic 
inflammatory disease, including salpingitis and 
tubo-ovarian sepsis, should be considered. 
Typically the pain is low and central within the 
abdomen. When suspected, a high vaginal 
swab should be taken and a gynecological 
opinion obtained. Treatment is usually a com-
bination of ofloxacin and metronidazole orally 
for 14 days.

Mittelschmertz or midcycle pain is usually 
the result of a small intraperitoneal bleed fol-
lowing the rupture of a follicular cyst. A preg-
nancy test is negative and symptoms usually 
settle within hours. Pelvic ultrasound may dem-
onstrate a small amount of free fluid in the 
pouch of Douglas. Rupture or torsion of an 
ovarian cyst or a right-sided tubal pregnancy 
may be difficult to distinguish, and pelvic ultra-
sound is helpful. Laparoscopy may be required 
as an early recourse for both diagnostic and 
therapeutic purposes.

Appendicitis is the most common abdominal 
surgical condition in pregnancy, occurring in 
approximately 1 in 2,000 pregnancies. Ultrasound 
and magnetic resonance imaging are helpful in 
establishing the diagnosis and guiding surgical 
intervention.

21.4	 �Investigation

While the diagnosis of appendicitis has tradition-
ally been clinical, appendicectomy based on clin-
ical criteria alone leads to a histologically normal 
appendix being removed in 15–30 % of cases. A 
number of clinical and laboratory-based scoring 
systems have been devised to assist in diagnosis 
[5]. The two most useful are the Alvarado score 
[6] and the Appendicitis Inflammatory Response 
(AIR) score [7] (Table 21.2).

Table 21.2  Comparison of parameters used in Alvarado 
and Appendicitis Inflammatory Response (AIR) scores 
for diagnosis of appendicitis

Alvarado score 
[6]

AIR score 
[7]

Symptoms
 � Nausea/vomiting 1 1
 � Anorexia 1 –
 � RIF pain 2 1
 � Shift to RIF 1 –
Signs
 � Rebound tenderness 1 –
 � Guarding
 �   Mild – 1
 �   Moderate – 2
 �   Strong – 3
 � Temperature
 �   >37.3 °C 1 –
 �   >38.5 °C – –
Laboratory
 � WBC count
 �   >10.0 × 109/l 2 1
 �   ≥15.0 × 109/l 2
 � PMN leukocytes
 �   >75 % 1 –
 �   70–84 % 1
 �   ≥85 % 2
 � CRP
 �   10–49 g/l – 1
 �   ≥50 g/l – 2
Score
 � Total 10 12
 � Low risk 0–4 0–4
 � Medium risk 5–6 5–8
 � High risk 7–10 9–12

CRP C-reactive protein, PMN plymorphonuclear, RIF 
right iliac fossa, WBC white blood cell
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While scoring systems in general do not suf-
ficiently discriminate predictive values to be used 
alone to diagnose appendicitis, Kollar et  al. [8] 
found that the AIR score is accurate in excluding 
appendicitis in those deemed low risk and more 
accurate at predicting appendicitis than the 
Alvarado score in those deemed high risk. They 
advocate use of the scoring systems for selective 
CT in those deemed medium risk.

21.5	 �Imaging

Widespread availability of ultrasound and cross-
sectional imaging in modern emergency surgi-
cal units has led to the increasing use of and 
reliance on imaging in supporting a clinical 
decision to perform appendicectomy. Ultrasound 
does not expose the patient to ionizing radiation 
and is highly specific in children and young 
adults; however, Doria et al. [9] found in a meta-
analysis that CT was more sensitive than ultra-
sound. Kim et  al. [10], addressing concerns 
regarding the dosage of ionizing radiation in 
children and young adults, showed the noninfe-
riority of low-dose CT to conventional CT in a 
large series of patients with clinical suspicion of 
appendicitis.

21.6	 �Treatment

The accepted treatment for a clinical diagnosis 
of acute appendicitis has been urgent open 
appendicectomy performed through an oblique 
or transverse incision in the right iliac fossa. If a 
normal appendix is found, other causes such as 
Crohn’s disease, Meckel diverticulitis, or tubal 
or ovarian pathology should be excluded and the 
macroscopically normal appendix removed on 
the basis that removal prevents future diagnostic 
difficulties. This practice has led to “negative” 
appendicectomy rates of 15–30 % and has the 
potential for morbidity, particularly wound 
infection and long-term risk of adhesive intesti-
nal obstruction. In the particular circumstance 
that an appendix phlegmon or mass is diagnosed 
preoperatively, the conventional wisdom is to 

manage expectantly with antibiotic treatment 
and subsequent interval appendicectomy.

A number of developments over the past 
20 years have led to significant changes to this 
treatment algorithm. The first, as mentioned 
above, is the availability of ultrasound and cross-
sectional imaging, which has increased diagnos-
tic accuracy and facilitates percutaneous drainage 
of a periappendiceal or pelvic abscess. The sec-
ond is the introduction of laparoscopy as both a 
diagnostic and a therapeutic technique. The third 
is recognition that medical treatment through the 
use of antibiotics and observation can be used as 
a bridge to surgery, thus reducing the volume of 
out-of-hours operations. Further, conservative 
treatment is successful in treating a significant 
proportion of patients with suspected appendici-
tis, thus avoiding surgery altogether.

21.6.1	 �Laparoscopic Versus Open 
Appendicectomy

The open surgical technique for appendicectomy 
described by McBurney in 1894 has changed 
little in succeeding years. While Semm described 
a laparoscopic technique for appendicectomy in 
1983, it took many years for general surgeons to 
accept a laparoscopic approach to treating the 
appendix, and it was only when laparoscopy 
became routine for cholecystectomy that laparo-
scopic appendicectomy began to be widely per-
formed. A large number of randomized trials and 
systematic reviews have been conducted com-
paring laparoscopic with open techniques. A 
recent Cochrane review [11] found small bene-
fits in favor of a laparoscopic approach – shorter 
hospital stay, fewer wound infections, more 
rapid return to work, and a reduced risk of nega-
tive appendicectomy. However, the surgical pro-
cedure takes longer, the operative costs are 
higher, and there is a higher risk of intra-abdom-
inal abscess formation postoperatively. These 
observations are in keeping with Andersson 
[12], who studied the Swedish National Patient 
Register of almost 170,000 patients over 16 years 
and found that the differences between open and 
laparoscopic approaches are small and of limited 
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clinical importance. Therefore the question of 
whether to perform an open or laparoscopic 
appendicectomy in an individual patient must 
come down to the particular circumstances of the 
patient, the available equipment, the patient’s 
wishes, and the experience of individual sur-
geon. The reader is directed to textbooks on 
operative surgery for details on operative 
techniques.

21.6.2	 �“Out-of-Hours” Surgery

The question of the urgency of performing 
appendicectomy has been the subject of consid-
erable research, as delays in accessing operat-
ing room time have been thought to contribute 
to adverse outcomes. Here it is important to dis-
tinguish a patient with peritonitis and clear evi-
dence of perforation from a patient with more 
usual phlegmonous appendicitis. The former 
requires urgent intervention to control the ori-
gin of sepsis – as would be appropriate for any 
patient with a visceral perforation. Patients are 
more often treated with intravenous antibiotics 
while awaiting access to the operating room. 
Schnüriger et  al. [13] found that restricting 
access to the operating room between 11:00 pm 
and 8:00 am did not adversely affect clinical 
outcomes. A similar study on behalf of the UK 
National Surgical Research Collaborative [14] 
found that a delay less than 24 h to appendicec-
tomy did not increase the rate of 
complications.

21.6.3	 �Nonoperative Management

There are now several large randomized studies 
and meta-analyses of the nonoperative manage-
ment of appendicitis. The largest of these, from 
Sweden [15], included 369 patients, of whom 
202 received antibiotics and 167 went directly 
for surgery. Of those treated nonoperatively, 96 
subsequently had an appendicectomy; overall, 
however, 48 % of the study cohort were suc-
cessfully treated conservatively. In a large ran-
domized study from France, Vons et  al. [16] 

found that antibiotic treatment was not inferior 
to surgical treatment, but 29 % of those treated 
conservatively went on to have an appendicec-
tomy within 1 year; of these, 87 % were found 
to have appendicitis. Di Saverio et al. [17], in 
the Non Operative Treatment for Acute 
Appendicitis study found that the long-term 
efficacy of nonoperative management was 83 % 
among 159 patients treated nonoperatively and 
followed for 2 years. In a review of the avail-
able literature, however, Fitzmaurice et al. [18] 
concluded that while nonoperative manage-
ment is successful in a majority of patients, 
appendicectomy remains the mainstay of 
treatment.

21.7	 �Interval Appendicectomy

Convention has been that an elective appendicec-
tomy should be performed 3–4 months following 
the resolution of an appendix abscess/phlegmon. 
This practice was based on the premise that the 
appendix was inherently diseased and that recur-
rence was likely. Kaminski et al. [19], in a study 
of nearly 33,000 patients with appendicitis, of 
whom 864 were managed nonoperatively, only 
39 (5 %) had a recurrence requiring appendicec-
tomy. They concluded that routine interval 
appendicectomy after successful nonoperative 
treatment is not justified.

A second  – and more important  – consider-
ation in older patients, is that malignancy, 
although rare, cannot be excluded. This concern 
has largely been overcome by the accuracy of 
cross-sectional imaging and colonoscopy, both of 
which should be performed once the acute 
inflammatory episode has resolved.

21.8	 �Postoperative Complications

The large majority of patients recover quickly 
following appendicectomy. Mortality is 
extremely rare and is almost always related to 
preexisting comorbidities [20]. Approximately 
8 % of patients, however, develop a late wound 
infection or intraperitoneal collection. It is always 
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wise to advise patients of this possibility and to 
reattend if there is reason for concern. Superficial 
wound infections should be treated with antibiot-
ics as appropriate. Use of a wound-protecting 
shield or endoscopic specimen delivery device to 
deliver the inflamed appendix at the time of oper-
ation is a wise precaution, and perioperative anti-
biotic treatment should be extended in patients 
with perforated or gangrenous appendicitis. Early 
cross-sectional imaging can identify a local, pel-
vic, or subphrenic collection that can usually be 
drained percutaneously.

A postoperative ileus is relatively rare, espe-
cially if the operation was performed laparo-
scopically. If the ileus is associated with signs 
of systemic inflammatory response or sepsis, 
there must always be a concern regarding vis-
ceral injury – usually inadvertent small-bowel 
perforation  – during a difficult dissection. A 
high index of suspicion and early reintervention 
guided by imaging is needed. Bleeding from 
the appendicular artery may lead to a pelvic 
hematoma or, rarely, hematoperitoneum. 
Resuscitation and reoperation to arrest further 
bleeding and evacuate the hematoma are 
required. Conservative management of an intra-
peritoneal or pelvic hematoma usually results 
in a prolonged ileus and a consequent hospital 
stay.

Portal pyemia is a rare but serious complica-
tion of gangrenous appendicitis. It is associated 
with systemic sepsis and jaundice and may lead 
to intrahepatic abscess formation. Systemic 
broad-spectrum antibiotic treatment is required, 
and anticoagulation should be considered to pre-
vent or treat portal venous thrombosis.

21.9	 �Special Considerations

21.9.1	 �Appendicolith

Great care should be taken to ensure that an 
appendicolith, if present, is removed at the time 
of operation. This is particularly important if the 
appendix is perforated because if left in place, the 
appendicolith may act as a nidus for future intra-
abdominal sepsis.

21.10	 �Crohn’s Disease

With the availability of preoperative imaging, it 
is unusual to make an interoperative diagnosis of 
terminal ileal Crohn’s disease at the time of 
appendicectomy. Conventional wisdom has been 
to remove the appendix if the cecum is healthy 
and an open approach has been used. With a lapa-
roscopic approach, most surgeons would record 
the findings, leave the appendix in situ, and treat 
the patient medically.

21.10.1  �Mucocele of the Appendix

A mucocele of the appendix should be removed 
in the usual way, taking care not to rupture it dur-
ing removal. Use of an endoscopic specimen 
delivery device is recommended. Occasionally 
the base may be too wide to allow closure with a 
ligature, in which case it may be appropriate to 
transect the base with either an open or endo-
scopic stapling device.

21.11	 �Appendiceal Malignancy

The appendix is the most common site of a carci-
noid tumor detected once in every 300–400 
appendices examined histologically. 
Approximately 50 % present as appendicitis; the 
remainder are incidentally found on imaging or 
during laparotomy/laparoscopy. Unlike carci-
noids arising elsewhere in the body, appendiceal 
carcinoids rarely give rise to metastases. Tumors 
less than 2 cm in diameter, without mesoappendi-
ceal or cecal involvement, can be treated with 
simple appendicectomy; otherwise right hemico-
lectomy is indicated.

Mucinous neoplasms are the second most 
common type of tumor of the appendix. Their 
malignant potential ranges from lowgrade appen-
diceal mucinous neoplasms to disseminated peri-
toneal malignancy resulting in pseudomyxoma 
peritonei. These tumors constitute a particularly 
difficult challenge, and referral to a regional 
specialist unit should be considered. Chapter 29 
sets out the management options in more detail.
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Appendiceal adenocarcinoma is rare, found in 
approximately 0.1 % of appendectomies. 
Treatment is by right hemicolectomy, as for cecal 
carcinoma.
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Benign Tumors

Christian Gingert and Franc H. Hetzer

22.1	 �Introduction

This chapter gives a short and easily understand-
able overview of benign colon tumors. Benign 
tumors can roughly be divided into two major 
groups, namely, epithelial and mesenchymal 
lesions. These groups may then be separated in 
subgroups, which are explained in more detail 
later in the chapter.

Polyp is a well-known term in nonprofes-
sional settings and is most often connected 
with tumors of the colon. Researchers from the 
Mayo Clinic define polyps as a small clump 
of  cells that form on the inner lining of the 
colon [2].

Most polyps are harmless, but with time 
some may promote colon cancer. Therefore it is 
reasonable to perform colonoscopies. 
Colonoscopies are part of cancer prevention 
programs in many countries and are paid for by 
medical insurance [3].

22.1.1	 �Classification

Polyps show a certain diversity and hence can be 
classified by aspect, origin (cell type), and malig-
nant potency (Table  22.1). Polyps can be sepa-
rated into adenomatous and serrated types, based 
on the different aspects found during colonos-
copy or surgery [4–7].

Adenomatous polyps make up the majority 
(two-thirds) of all polyps. Although only a small 
percentage of them are cancerous, most of all 
malignant polyps are adenomatous.

Serrated polyps have a malignant tendency 
that depends on their size and location. Small ser-
rated polyps or so-called hyperplastic polyps of 
the lower colon have almost no tendency to 
develop malignancy. Larger serrated polyps are 
mostly flat (sessile) and can be found in the upper 
colon. They are considered precancerous [7, 8]. 
Polyps can be classified by origin and malig-
nancy based on histology.

Nonspecific inflammation and/or abnormal 
mucosal maturation can cause non-neoplastic 
epithelial polyps, which do not transform into 
malignant lesions. Neoplastic epithelial lesions 
are a result of proliferative dysplasia and are 
premalignant.

As the name implies, mesenchymal polyps 
originate from connective tissue cells and are 
located in the submucosal or muscle layer. Some 
authors summarize mesenchymal lesions and 
other nonepithelial polyps as polypoid tumors [8].
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Benign tumours of the colon and rectum 
(Table 22.1) are separated into four categories:

•	 Non-neoplastic epithelial lesions
•	 Neoplastic epithelial lesions
•	 Mesenchymal lesions
•	 Other lesions

22.2	 �Non-neoplastic Epithelial 
Lesions

•	 Incidence increases with age.
•	 Formation occurs sporadically.

22.2.1	 �Hyperplastic Polyps

Epidemiology
Hyperplastic polyps with a diameter less than 
5 mm often occur in a pile and are ubiquitous in 
the entire colorectum (Fig. 22.1). They definitely 
have no malignant potency [4].

Symptoms
The main symptom of hyperplastic polyps is 
prolapse.

Diagnosis
A colonoscopy is necessary to confirm a 
diagnosis of polyps. Multiple hyperplastic 
polyps should be excised and sent for histo-
logical examination to confirm their benign 
nature.

Therapy
Colonoscopic snaring is the therapy of choice; 
further treatment is not recommended [9].

22.2.2	 �Hamartomas

Epidemiology
Hamartomas are benign lesions consisting of 
both epithelial and mesenchymal components. 
They are classified as a benign mesenchymal 
lesion; the epithelial components seem to be 
reactive [10].

Symptoms
Hamartomas are usually asymptomatic. 
Obstruction and/or bleeding rarely occur.

Table 22.1  Benign lesions in the colon and rectum

Non-neoplastic lesions Neoplastic lesions Mesenchymal lesions Other lesions

Hyperplastic polyp Adenoma
 � Tubular adenoma
 � Villous adenoma
 � Tubulovillous adenoma

Lipoma Endometriosis

Hamartoma
 � Juvenile polyp
 � Peutz-Jeghers polyp

Hamartoma Pneumatosis cystoides 
intestinalis

Inflammatory polyps Leiomyoma
Lymphoid polyps Neuroma

Angioma

Refer to Schiedeck [36]

Fig. 22.1 

C. Gingert and F.H. Hetzer



263

Diagnosis
A colonoscopy is necessary to confirm the diag-
nosis of hamartoma. The lesion should be excised 
and sent for histological examination to confirm 
its benign nature.

Therapy
Colonoscopic snaring is the therapy of choice; 
further treatment is not recommended.

22.2.3	 �Juvenile Polyps

Epidemiology
The term juvenile polyps sums up pediatric gastro-
intestinal polyps that are either of hamartomatous 
or reactive inflammatory origin. A juvenile polyp is 
neither a neoplasm nor a premalignant condition.

Their incidence is higher in boys than in girls, 
and they are usually found in children younger 
than the age of 10 years. The presence of more 
than five juvenile polyps defines juvenile polypo-
sis syndrome [11].

Symptoms
Polyps are usually asymptomatic. Obstruction 
and/or bleeding rarely occur.

Diagnosis
A colonoscopy is necessary to confirm the diag-
nosis of polyps. Multiple polyps should be 
excised and sent for histological examination. A 
histological distinction between a juvenile polyp 
and an adenomatous polyp is essential. The com-
plete colon has to be examined endoscopically to 
exclude juvenile polyposis syndrome.

Therapy
Colonoscopic snaring is the therapy of choice; 
further treatment is not recommended.

22.2.4	 �Juvenile Polyposis Syndrome

Epidemiology
In contrast to single juvenile polyps, so-called juve-
nile polyposis syndrome, referring to the presence 
of more than five juvenile polyps, is associated with 

malignancy. The risk of patients with juvenile pol-
yposis developing cancer of the colon before 
60 years of age ranges from 20 up to 60 % [12–14].

These lesions are ubiquitous in the gastroin-
testinal tract. The disease can be hereditary and is 
associated with mutations in two genes on chro-
mosomes 10 and 18 [15–17].

Symptoms
Colorectal polyps predominantly cause diffuse 
symptoms such as bleeding, acute abdominal 
pain, and diarrhea. Probably as a result of genetic 
dysfunction, the following concomitant extraco-
lonic manifestations may be found:

•	 Macrocephaly
•	 Bony swellings
•	 Cleft lip/cleft palate
•	 Double renal pelvis and ureter
•	 Acute glomerulonephritis
•	 Undescended testicle
•	 Bifid uterus and vagina

Therapy
Colonoscopic excisions should be considered if 
only a few polyps are found. Surgical approaches 
depend on the site of lesion, especially if the rec-
tum is involved:

•	 Colectomy and ileorectal anastomosis
•	 Proctocolectomy and pouch
•	 Proctocolectomy and ileostomy

Follow-Up
Because of the increased incidence of malignant 
tumors, even in other organs, careful, risk-
adapted follow-up is recommended. In this case 
the term risk-adaption includes a full family his-
tory of cancer.

22.2.5	 �Peutz-Jeghers Syndrome

Epidemiology
Peutz-Jeghers syndrome is a rare, hereditary 
autosomal-dominant disorder with a mutation on 
chromosome 19. The typical age at presentation 
is 10–30 years. There is a signature presentation 
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with hamartomatous polyposis of the gastrointesti-
nal tract and melanotic pigmented spots. Melanotic 
pigmented spots appear in early childhood at the 
age of 2 years and increase in size and colour until 
puberty; after that they slowly fade. The location of 
these spots varies Notiz:

•	 Lips and perioral tissue (94 %) (Fig. 22.2)
•	 Hands (74 %)
•	 Oral mucosa (66 %)
•	 Feet (62 %)

Polyps are located all over the gastrointestinal 
tract but not the mouth (Fig. 22.3):

•	 Small intestine (64 %)
•	 Stomach (49 %)
•	 Colon (64 %)

•	 Rectum (32 %)
•	 Esophagus, lungs, bladder, nostrils (occasionally)

Histologically, Peutz-Jeghers polyps consist 
of connective tissue and well-developed smooth 
muscle. The risk of polyps undergoing malignant 
transformation has been regarded as minimal, but 
recent studies show a lifetime risk of 85 % [4, 
17]. Fifty percent of patients with Peutz-Jeghers 
syndrome die from cancer before the age of 60. 
Cancer arises in difference locations:

•	 Stomach (57 %)
•	 Breast (45 %)
•	 Other: ovaries, cervix, lungs, pancreas, uterus, 

testicles

Symptoms
Typical symptoms are intestinal obstruction and 
bleeding [18].

Diagnosis
Case history (family history, gastrointestinal 
symptoms) is key. Pigmentation is a signature 
feature and can be found during a clinical exam. 
In addition, contrast enema can show multiple 
polyps, and gastroscopy and colonoscopy allow 
histological probes.

Therapy
There is no causal therapy. Endoscopic snaring is 
recommended since the frequency of tumors 
decreases with age. Surgical approaches are rec-
ommended in obstruction or intussusception that 
cannot be solved colonoscopically, but resections 
should be done restrictively [19].

22.2.6	 �Inflammatory Polyps

Epidemiology
Polyps may have an inflammatory origin as a 
result of long-lasting ulcerative colitis or Crohn’s 
disease of the colon. Histologically they are 
pseudo-polyps showing inflamed mucosa sur-
rounded by ulcerative tissue, with no tendency for 
malignant transformation. Malignancy can, 
however, be a result of chronic ulcerative colitis or 
Crohn’s disease.

Fig. 22.2  (Reprinted with permission from Prof. Gabriela 
Möslein)

Fig. 22.3  (Reprinted with permission from Prof. Gabriela 
Möslein)
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Symptoms
Typical symptoms are intestinal obstruction and 
bleeding.

Diagnosis
Polyps should be excised and send for histologi-
cal examination to distinguish a diagnosis.

Therapy
Inhibition of the underlying inflammation is a 
basic treatment. In addition, colonoscopic snar-
ing is recommended.

22.2.7	 �Lymphoid Polyps

Epidemiology
Lymphoid polyps are benign lesions and are 
located where piles of lymphoid follicles are 
present. They must be differentiated from malig-
nant lymphomas. Histologically, lymphoid pol-
yps comprise lymphoid tissue [4, 20].

Symptoms
Polyps are usually asymptomatic. Obstruction 
and/or bleeding rarely occur.

Diagnosis
Polyps should be excised colonoscopically and 
send for histological examination to distinguish a 
diagnosis.

Therapy
Colonoscopic snaring is recommended.

22.3	 �Neoplastic Epithelial Lesions

22.3.1	 �Adenomas

Epidemiology
The incidence of adenomatous polyps (adeno-
mas) depends on age, sex, and geography. The 
incidence in Western countries is 7–12 %. Risk 
factors may be a diet low in fiber and high in fat, 
a positive family history of colorectal and/or 
gynecological cancer, atherosclerosis, nulliparity 
(in women), and age. Maximum incidence occurs 
at an age of 60–70 years.

Adenomas originate from the proliferation of 
glandular epithelium within the colonic or rectal 
mucosa. Multiple polyps can be found in the 
colon and rectum (5–100 lesions; familial adeno-
matous polyposis [FAP] >100).

Though adenomas are histologically proven 
benign tumors, they are a precursor to colorectal 
cancer [4].

Polyps are classified by shape into three mac-
roscopic types:

•	 Pedunculated
•	 Sessile (flat)
•	 Semisessile (raised)

In addition, adenomatous polyps can be dis-
tinguished by their histological surface:

•	 Tubular adenomas (65–80 %)
•	 Tubulovillous adenomas (25 %)
•	 Villous adenomas (5–10 %)

Each histological type of adenomatous polyp 
has a different related incidence of early invasive 
carcinoma (Fig. 22.4 and Table 22.2):

•	 30 and 70% in villous adenomas
•	 17 % in tubulovillous adenomas
•	 Rare in tubular adenomas

Symptoms
Bleeding, abdominal cramping, and diarrhea usu-
ally occur.

Fig. 22.4  (Reprinted with permission from Prof. Gabriela 
Möslein)
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Diagnosis
Occult blood testing can provide (but not neces-
sarily) a first hint. Complete colonoscopy and 
proctorectoscopy are exams of choice.

Screening
Screening should be performed in patients with 
symptoms, patients older than 50 years of age, and/
or patients with a premalignant condition, such as:

•	 Ulcerative colitis longer than 10 years
•	 Crohn’s disease with stricture
•	 FAP
•	 Hereditary nonpolyposis colorectal cancer 

syndrome
•	 History of colon polyps
•	 Family history of colorectal cancer or polyps

There are no general international screening 
guidelines, but the first colonoscopy is recom-
mended 10 years earlier than the age at which the 
cancer was diagnosed in the relative diagnosed 
with colorectal cancer. In addition, asymptomatic 
patients older than 50 years and younger patients 
with a positive family history should be tested 
annually for occult bleeding.

In the case of a positive result, colonoscopy 
and proctoscopy with digital examination are a 
must. Studies show that colonoscopy and digital 
examination together have the highest sensitivity 
in diagnosing adenomas and colorectal cancer.

In the case of a negative result, colonoscopy 
and digital examination should be repeated every 
10 years. After a positive result another colonos-
copy is indicated after 1 year.

Since there is an increased incidence of ade-
nomas of the duodenum in patients with FAP and 
an associated risk of developing cancer in that 
area, gastroduodenoscopy is recommended every 
3 years [6, 21–24].

Therapy
The therapy of choice is colonoscopic resection, 
not biopsy [1]. In cases of colonoscopic failure, 
surgical resection is indicated.

According to guidelines, a proctocolectomy 
with an ileal pouch is recommended in patients 
with FAP before the age of 20  years. Without 
involvement of the rectum, a subtotal colectomy 
may be considered. The risk of developing cancer 
in the rectal remnant is 13–40 % within 25 years. 
Therefore, these patients should undergo proc-
torectoscopy every 2 years.

22.4	 �Mesenchymal Lesions

22.4.1	 �Lipomas

Epidemiology
Lipomas are benign tumors evolving from adi-
pose connective tissue (Fig. 22.5) and are mostly 
localized in the right hemicolon (70 %) [25]. 
They are the most common mesenchymal 
tumors found in the colon, with an overall prev-
alence of 2.2–4.4 % (based on findings at 
autopsy). Lipomas are more common in women 
(56 %) than men (44 %). The maximum preva-
lence is found among patients older than 
60 years.

Symptoms
Lipomas are usually too small to be symptom-
atic. Symptoms that can occur are unspecific 
abdominal pain (23 %) caused by obstruction or 
intussusception, rectal bleeding (20 %), and, 
rarely, anaemia, weight loss, nausea, vomiting, 
and meteorism [26, 27].

Table 22.2  Familial adenomatous polyposis (FAP)

FAP is an autosomal-dominant syndrome
Definition of FAP:
 � 1. >100 Polyps in the colon and rectum
 � 2. A member of a family with FAP can have any 

number of colorectal adenomas
The genetic defect is described on chromosome 5 (q21) 
in the so-called adenomatous polyposis coli (APC) gene
Patients with a defected APC gene develop cancer 
around the age of 40 years
FAP is associated with:
 � Epidermoid cysts
 � Desmoid tumours
 � Osteomas
 � Gliomas
 � Medulloblastomas
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Diagnostic
Key exams are rectal palpation and colonoscopy. 
Computed tomography and contrast enema can 
be useful to detect intermittent intussusceptions.

Therapy
Asymptomatic lipomas do not have to be 
resected. If they are symptomatic, colonoscopic 
resection, not biopsy, is recommended. In cases 
of colonoscopic failure, surgical resection is indi-
cated. Rectal lipomas may be excised transanally 
[27, 28].

22.4.2	 �Leiomyomas

Epidemiology
Leiomyomas (Fig. 22.6) belong to a subgroup of 
tumors called gastrointestinal stromal tumors 
(GISTs). GISTs are heterogeneous, ranging from 
indolent benign tumors to severe sarcomas. Their 
shape may be pedunculated or sessile. 
Intracolonic leiomyomas are rare.

Histologically, leiomyomas are spindle-cell 
neoplasms. They seem to have a better progno-
sis than other GISTs with similar mitotic rates.

In cases of high mitotic rate, rapid growth, 
ulceration, and a lesion larger than 2.5  cm, 
malignant degeneration must be suspected 
[29, 30].

Symptoms
Typical symptoms are obstruction and meteor-
ism. Bleeding is also found in rare cases.

Diagnosis
Endorectal ultrasonography is a key exam because 
it can visualize typical findings of colonic leiomy-
oma. It may also be used to assess the location of a 
submucosal tumor. Immunohistopathology is 
mandatory to exclude differential diagnoses.

Therapy
Colonoscopically snare polypectomy and trans-
anal excision are therapies of choice. Complete 
removal must be ensured. Follow-up is neces-
sary if any atypia or mitotic activity is found.

22.5	 �Other Lesions

22.5.1	 �Neuromas

Epidemiology
Neuromas and neurofibromas are rare lesions in 
the colon or rectum. These are seldom associated 
with neurofibromatosis.

Symptoms
Typical symptoms are intestinal obstruction and 
bleeding.

Fig. 22.5 
Fig. 22.6 
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Diagnostic
A colonoscopy is necessary to confirm the diag-
nosis of neuroma. The lesion should be excised 
and sent for histological examination to confirm 
its benign nature.

Therapy
Colonoscopic snaring and transanal excision are 
therapies of choice; further treatment is not 
recommended.

22.5.2	 �Angiomas

Epidemiology
Angiomas are rare tumors in the colon and rectum. 
They are typically congenital lesions that can be 
separated into capillary hemangiomas and cavern-
ous hemangiomas [31]. Capillary hemangiomas 
evolve from the submucosal layer and have closely 
packed vessels and capsules. Cavernous hemangio-
mas are large; huge parts of the colon are involved. 
Calcification and thrombosis frequently occur.

Symptoms
The key symptom of hemangiomas is bleeding:

•	 Capillary hemangiomas: bleeding is episodic 
and slow.

•	 Cavernous hemangiomas: massive bleeds occur.

Diagnostic
A colonoscopy is necessary to confirm the diag-
nosis of angioma (typically shows a deep red or 
blue aspect). Selective angiography can be used 
to diagnose a vascular malformation.

Therapy
The signature treatment is colonoscopic excision. 
Angiographically placed endocoils can also be 
used to control hemorrhage.

22.5.3	 �Lymphangioma

Epidemiology
(Cystic) lymphangiomas of the colon are 
extremely rare lesions. The exact cause remains 

unknown. Macroscopically, they appear as sub-
mucosal masses in the large intestine. 
Histologically, dilated lymphatic channels lined 
by endothelial cells are found. Lymphangiomas 
have no malignant potential [32, 33].

Diagnosis
Lymphangiomas are usually found incidentally 
in asymptomatic patients during routine colonos-
copy. They appear as solitary submucosal masses 
with smooth mucosa [34].

Symptoms
In general, symptoms such as abdominal pain 
and/or bleeding are rare.

Therapy
Since there is no malignant potential, no ther-
apy is required for asymptomatic patients. 
Only in symptomatic patients are colonoscopic 
or surgical excision indicated. Aspiration of 
the fluid-filled cysts leads to high recurrence 
rates.

22.5.4	 �Pneumatosis Cystoides 
Intestinalis

Epidemiology
Pneumatosis cystoides intestinalis (PCI), also 
known as pneumatosis coli, refers to the presence 
of air in the bowel wall (Fig. 22.7). There are sev-
eral theories regarding the etiology of PCI:

•	 Trauma theory: Traumatized mucosa allows 
luminal air to flow into the bowel wall.

•	 Bacterial theory: Gas-producing bacteria 
translocate to the submucosa.

•	 Pulmonary theory: Increased intrathoracic 
pressure caused by chronic obstructive pulmo-
nary disease, asthma, or mechanical ventila-
tion leads to alveolar rupture. The resulting air 
tracks along vessels, eventually reaching the 
bowel wall.

None of these theories explains all cases of 
PCI. Most likely, several mechanisms occurring 
simultaneously lead to PCI [35].
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Symptoms
Most patients are asymptomatic. Symptoms that 
can occur are abdominal cramping, meteorism, 
diarrhoea, constipation, mucus discharge, rectal 
bleeding, obstruction, and, in severe cases, 
peritonitis.

Diagnosis
PCI is usually an incidental finding in asymptom-
atic patients during routine colonoscopy. 
Macroscopically, broad-based submucosal 
masses with a pale appearance or covered with 
hemorrhagic mucosa can be found.

Endorectal or abdominal ultrasound often 
leads to diagnosis by showing multiple hyper-
echoic lesions in the submucosa, which are the 
result of air-filled cystic spaces.

Therapy
Since there is no malignant potential, no therapy 
is required for asymptomatic patients. Only in 
symptomatic patients is colonoscopic or surgical 
excision recommended. Also, medical therapy 
has to be considered in cases with a different 
underlying disease (e.g., bacterial translocation, 
chronic obstructive pulmonary disease, among 
others) [35].
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Principles of Tumor Classification

Kieran Sheahan

23.1	 �World Health Organization, 
Union for International 
Cancer Control, 
and American Joint 
Committee on Cancer 
Classification of Tumors

A uniform classification is essential for the anal-
ysis of treatment results. All tumors should be 
classified according to the established interna-
tional recommendations of the Union for 
International Cancer Control (UICC)/American 
Joint Committee on Cancer (AJCC) [1, 2] and 
World Health Organization (WHO) [3]. These 
have been identical since 1987. Tables  23.1, 
23.2, 23.3, 23.4, and 23.5 list all premalignant 
and malignant tumors of the colon, rectum, anus, 
and perianal skin. It is important to consider 
tumors of the anal canal (Table 23.4) and peri-
anal skin separately (Table  23.5). It is also 
important to note that lymphomas, melanomas, 
neuroendocrine tumors, gastrointestinal stromal 
tumors and sarcomas are staged separately from 
carcinomas.

23.1.1	 �UICC/AJCC TNM Classification 
of Tumors of the Colon, Rectum, 
Anus and Perianal Skin

Staging is the assessment of the degree of spread 
of a tumor. The staging can be clinical or 
pathological.

Clinical staging is used alone in the following 
circumstances:

•	 When there is no surgical treatment
•	 When adjuvant treatment is administered 

before surgery
•	 When there are insufficient data to stage the 

patient pathologically

Pathological staging of colorectal cancer was 
historically undertaken by a number of different 
systems. The two used in Europe were the TNM 
and the older Dukes classification. Originally the 
Dukes classification used three stages: A, B, and 
C [4]. The latter was subsequently modified into 
stages C1 and C2, with the addition of a fourth 
stage, stage D [5] (see Table 23.6). The UICC and 
AJCC recently introduced the TNM staging sys-
tem, which uses four stages (stages I–IV). The 
anatomic extent of cancer is described by assess-
ing three components:

T:	 The extent of spread of the primary tumor
N:	� The presence or absence and extent of 

regional lymph node metastasis
M:	The presence or absence of distant metastasis
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TNM is superior to Dukes because of the 
greater information it yields, and it is now the 
preferred system. However, there is controversy 
because the system is frequently updated. There 
have been various versions of the TNM staging; 
thus the version used should be specified (e.g., 
version 5, version 6, version 7). The most recent 
seventh edition of the TNM has introduced clas-
sification systems for gastrointestinal stromal 

tumors and neuroendocrine tumors. Currently the 
United Kingdom and a number of other countries 
advise using TNM 5 for colorectal cancer, 
whereas most countries have adopted TNM 7 
(Table 23.7) since its introduction in 2009.

23.1.1.1	 �Stage Grouping
The final stage is determined by the anatomic extent 
of tumor, comprising the T, N, and M categories in 

Table 23.1  Premalignant lesions of the colon and rectum

Premalignant

Epithelial tumors

Adenomas
Tubular
Tubulovillous
Villous
Low-grade dysplasia
High-grade dysplasia
Serrated lesions

Hyperplastic polyp
Sessile serrated lesion/polyp/adenoma
Traditional serrated adenoma
Sessile serrated adenoma with conventional dysplasia
Hamartomas

Cowden-associated polyp
Juvenile polyp
Peutz-Jeghers polyp

Table 23.2  Malignant tumors of the colon and rectum

Carcinomas

Adenocarcinoma
Cribriform (comedo type)
Medullary carcinoma
Micropapillary
Mucinous carcinoma
Signet ring carcinoma
Serrated adenocarcinoma
Adenosquamous carcinoma
Squamous cell carcinoma
Spindle cell carcinoma
Undifferentiated carcinoma
Neuroendocrine neoplasms

Neuroendocrine tumors (Grade 1 and Grade 2)
Neuroendocrine carcinoma
Large-cell carcinoma
Small-cell carcinoma
Mixed adenoneuroendocrine carcinoma

Table 23.3  Mesenchymal tumors of the colon and rectum

Leiomyoma
Lipoma
Angiosarcoma
Gastrointestinal stromal tumor
Kaposi sarcoma
Leiomyosarcoma
Lymphomas

Secondary tumors/metastatic tumors

Table 23.4  Tumors of the anal canal

Premalignant

Epithelial tumors
Anal intraepithelial neoplasia, low grade
Anal intraepithelial neoplasia, high-grade
Paget disease of the anus
Malignant carcinoma

Squamous cell carcinoma
Verrucous carcinoma
Undifferentiated carcinoma
Adenocarcinoma
Mucinous adenocarcinoma
Neuroendocrine neoplasms

Neuroendocrine tumors (Grade 1 and Grade 2)
Neuroendocrine carcinoma
Large-cell carcinoma
Small-cell carcinoma
Mixed adenoneuroendocrine carcinoma
Mesenchymal tumors

Leiomyoma
Lipoma
Angiosarcoma
Gastrointestinal stromal tumor
Kaposi sarcoma
Leiomyosarcoma
Lymphomas

Secondary tumors/metastatic tumors

Anal melanoma
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different combinations. Stage grouping varies 
according to tumor type. In all TNM stage group-
ings, the final stage is IV, which indicates advanced 
disease (Table 23.8).

23.1.1.2	 �Anal Canal Cancer (Table 23.4)
High-risk human papillomavirus infection is a 
well-established risk factor for the development 
of anal intraepithelial neoplasia (AIN) and anal 
squamous cell carcinoma.

Grading of AIN I, AIN II, and AIN III depends 
on the extent of proliferation of dysplastic squa-
mous cells, similar to how cervical intraepithelial 
neoplasia is graded. P16 and Ki-67 can be used to 
assist in the diagnosis of intermediate-grade AIN.

In the United Kingdom: Low-grade AIN com-
prises AIN I and AIN II, and high-grade AIN 
equates to AIN III.

In the United States: Low-grade AIN com-
prises AIN I and high-grade, AIN II and AIN III.

Table  23.9 summarizes the TNM staging. 
Note that the T stage requires precise pathologi-
cal measurement of tumor size.

23.1.1.3	 �Perianal Cancers
Malignant tumors of perianal skin are similar to 
skin tumors at other skin sites (Table 23.5). Most 
(90 %) are squamous cell and basal cell 
carcinomas. Perianal squamous cell carcinoma 

has a better prognosis than anal canal squamous 
cell carcinoma (lymph node metastasis is 
uncommon).

Verrucous carcinoma (synonym: Buschke 
Löwenstein tumor) is an uncommon human pap-
illomavirus–related well-differentiated squamous 
cell cancer that is locally destructive but has min-
imal metastatic potential.

Table 23.5  Tumors of the anal margin (perianal tumors)

These tumors are best regarded as variants of skin 
cancer and are treated and staged similar to their skin 
counterparts

Squamous cell carcinoma
Basal cell carcinoma
Melanoma

Table 23.6  Dukes staging

Dukes A Tumor penetrates into, but not through, the 
muscularis propria (the muscular layer) of 
the bowel wall

Dukes B Tumor penetrates through the muscularis 
propria of the bowel wall but does not 
involve lymph nodes

Dukes C Pathological evidence of adenocarcinoma in 
one or more lymph nodes

Dukes D Tumor spread to other organs such as the 
liver, lung, or bones

Table 23.7  TNM staging of colorectal cancer (7th 
edition)

Tis: carcinoma in-situ: intraepithelial (within basement 
membrane) or invasion of lamina propria 
(intramucosal), with no extension through the 
muscularis mucosae into the submucosa
T1: tumor invades the submucosa
T2: tumor invades the muscularis propria
T3: �tumor invades beyond the muscularis propria into 

the subserosa or nonperitonealized pericolic/
perirectal tissues

T4: �tumor directly invades other organs or structures 
and/or perforates visceral peritoneum

T4a perforates visceral peritoneum
T4b directly invades other organ or structures
N0: no regional lymph node metastasis
N1: metastasis in one to three regional lymph nodes
N1a: one node positive
N1b: two or three nodes positive
N1c: �satellites (tumor deposits) in subserosa, 

without regional node metastasis
N2: metastasis in four or more regional lymph nodes
N2a: four to six nodes positive
N2b: seven or more nodes positive
M1: distant metastasis
M1a: one organ
M1b: �more than one organ or peritoneum
Resection
R0: tumor completely excised locally
R1: �microscopic involvement of the margin by the 

tumor (within 1 mm)
R2: �residual macroscopic tumor or gross involvement 

of the margin

Changes in TNM 7 compared with TNM 6 are highlighted 
in bold

Table 23.8  Stage grouping

Stage I – pT1/T2N0M0
Stage II – pT3/T4N0M0
Stage III – any pT, N1–2, M0
Stage IV– any pT, any N, M1
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Extramammary Paget disease is an uncom-
mon lesion of the perianal skin. Fifty percent are 
associated with synchronous adenocarcinomas 
of the colorectum, usually a local extension 
from a rectal cancer. The other 50 % are best 
regarded as adenocarcinoma in situ of the skin, 
with a propensity to persist and recur locally. 
These tumors rarely progress to invasive 
carcinoma.

23.1.1.4	 �Neuroendocrine Tumors
Consensus guidelines have now been published 
by the European Neuroendocrine Tumor Society 
for classifying, staging, and treating neuroendo-
crine tumors of the colorectum [6] (Table 23.10). 
The main factors governing the behavior of this 
group of tumors are their size, extent of infiltra-
tion into the intestinal wall, angioinvasion, and 
whether they produce a clinical hypersecretion 
syndrome (i.e., functioning). These tumors are 

staged and graded per AJCC guidelines [2]. The 
Ki-67 index and mitotic count separate neuroen-
docrine tumors into grades 1, 2, and 3.

23.1.2	 �Rules for Pathological TNM 
Staging of Colorectal 
Adenocarcinoma

•	 Staging following radio-chemotherapy is 
assigned the prefix “y.” This can be pathologi-
cal (yp) or clinical (yc) staging.

•	 Multiple synchronous tumors of the same type 
in one organ are staged using the highest 
tumor stage and by adding (m) for multiple, 
for example, T3 (m) or number of tumors, that 
is, T3 [4] for four tumors.

•	 The number of lymph nodes is often lower in 
resections after neoadjuvant cancer

•	 Re-treatment staging, following recurrence, is 
assigned rTNM.

•	 Completeness of resection (R): this is required 
in tumor resection specimens and is consid-
ered an important prognostic factor; however, 
it is not always possible to comment on. This 
is classified as:
–– R0: tumor completely excised locally
–– R1: microscopic involvement of the margin 

by tumor (the majority of pathologists 
consider tumors within 1 mm of the circum-
ferential radial margin as involved/
positive)

–– R2: macroscopic tumor left behind or gross 
involvement of the margin

23.1.3	 �Quality of Total Mesorectal 
Excision and 
Abdominoperineal Resection

Total mesorectal excision grading in rectal cancer 
and total mesocolic resection in colon cancer 
may also be assessed. Assessment of the quality 
of surgery is an important responsibility for a 
pathologist, and there is a standardized grading 
method for assessing total mesorectal excision 
specimens. Description of the three planes of sec-
tions have been published [7], and studies have 

Table 23.9  TNM staging for squamous cell carcinoma 
of anal canal

Tis: carcinoma in situ (Bowen disease, anal 
intraepithelial neoplasia 2–3)
T1: ≤2 cm
T2: >2–5 cm
T3: >5 cm
T4: adjacent organ(s)
N1: perirectal
N2: unilatateral internal iliac or inguinal
N3: perirectal or bilateral, internal iliac/inguinal

Table 23.10  Neuroendocrine tumors (NETS) of the 
colon and rectum

The European Neuroendocrine Tumor Society 
(ENETS) and Union for International Cancer Control 
TNM staging of neuroendocrine tumors
Large intestine

T1: lamina propria/submucosa and ≤2 cm (T1a: <1 cm, 
T1b: 1–2 cm)
T2: muscularis propria or >2 cm
T3: subserosa
T4: perforates the serosa or other organs
ENETS introduced grading of NETS based on the 
Ki-67 index

Ki-67 index = % of Ki-67-positive cells/2,000 cells
Grade 1 = <2 %
Grade 2 = 2–20 %
Grade 3 = >20 %
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confirmed the benefit of feedback to the surgical 
team.

The mesorectal fascial plane or complete exci-
sion has a smooth surface with no defect larger 
than 5  mm (Fig.  23.1a). The intramesorectal 
plane or near complete excision has an irregular 
mesorectal surface (Fig.  23.1b). The muscularis 
propria is not visible except at the insertions of the 
levator ani muscles. The muscularis propria plane 
or incomplete excision shows little bulk to the 
mesorectum, with deep defects extending to a vis-
ible muscularis propria (Fig. 23.1c). The macro-
scopic assessment of the plane of excision is 
directly linked to prognosis in rectal cancers [8]. 
Thus feedback to the surgeon regarding the plane 
of resection is vital to improve the quality of 
mesorectal excision [9]. Many surgeons have sub-
sequently applied this principle to colonic sur-
gery, adopting a complete mesocolic excision, 
thereby ensuring complete removal of the colonic 

mesentery, along with lymphatic and vascular tis-
sues, within an intact peritoneal sheath [10].

23.1.4	 �Tumor Regression Grading: 
Tumor Response to Therapy

My practice uses a modified three-point grading 
system to assess response to chemoradiotherapy 
in rectal cancer. Grade 1, complete tumor regres-
sion, shows no viable tumor cells and fibrosis 
extending through the bowel wall or an isolated 
single cell or small clusters of tumor cells scat-
tered through fibrosis. In grade 2, partial tumor 
regression, fibrosis predominates, outgrowing the 
residual tumor. Grade 3, no tumor regression, 
shows the residual tumor outgrowing the fibrosis 
and extensive residual tumor without fibrosis. 
Thus far, only complete tumor regression corre-
lates with improved survival [11, 12].

a b c

Fig. 23.1  Examples of the surgical excision planes of rectal cancer specimens (total mesorectal excision [TME]). (a) 
Mesorectal fascia; (b) intramesorectal; (c) muscularis propria

23  Principles of Tumor Classification
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23.1.5	 �Satellite Tumor Deposits

Whether satellite tumor deposits should be con-
sidered lymph node metastases or satellite 
tumor nodules for the purposes of staging has 
been a topic of debate for many years; the 
approach to tumor deposit classification has 
changed in the last three editions of the TNM 
staging system. In the TNM 5 classification, 
extramural deposits of tumor with no lymph 
node structure were regarded as lymph node 
deposits if they measured >3  mm in diameter 
and were staged as pN1 [13]. This rule was 
changed in TNM 6, when the contour of the 
deposit became the diagnostic feature. Deposits 
with a round contour were classified as lymph 
node metastases (pN1), and deposits with an 
irregular outline were classified as venous inva-
sion [14]. The TNM 6 approach was criticized, 
and the changes were not considered to be evi-
dence-based or reproducible. In the United 
Kingdom, the Royal College of Pathologists 
recommended that the TNM 5 be used for stag-
ing colorectal cancer resection specimens 
instead of TNM 6 [9]. The TNM 7 classification 
proposed a new pN1c category for tumor depos-
its in the absence of lymph node metastases [1]. 
There is growing evidence that both the pres-
ence and number of tumor deposits carry an 
adverse prognosis [15, 16].
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Genetics

Malika Bennis, Jérémie H. Lefevre, 
and Emmanuel Tiret

24.1	 �Basics

The two main inherited colorectal cancer syn-
dromes, familial adenomatous polyposis (FAP) 
and hereditary nonpolyposis colorectal cancer 
(HNPCC), also known as Lynch syndrome, are 
characterized by a single mutation leading to a 
dramatically increased predisposition for colorec-
tal cancer. FAP is an autosomal-dominantly 
inherited condition that has been shown to be to 
the result of mutations in the adenomatous pol-
yposis coli (APC) gene, a tumor suppressor gene 
active in the Wnt/Wingless signaling pathway 
[1]. The much more common HNPCC is caused 
by a germ-line mutation in one of the DNA mis-
match repair genes (hMLH1, hMSH2, hMSH6) 
[2]. These genes correct errors in DNA replica-
tion, and any defect in this repair system leads to 
the rapid accumulation of mutations. Both syn-
dromes are characterized by early onset of 
colorectal tumors, synchronous and metachro-

nous tumors, and numerous extracolonic benign 
and malignant manifestations.

Another inherited syndrome has recently been 
reported, the MYH-associated polyposis (MAP) 
syndrome, which is caused by a biallelic germ-
line mutation of a DNA base excision repair 
gene: human MUTYH [3]. The hereditary trans-
mission is recessive, but MAP syndrome also 
predisposes to synchronous and metachronous 
colorectal neoplasms and, like the two main 
dominantly inherited colorectal cancer syn-
dromes, requires practice parameters for treat-
ment and surveillance.

24.1.1	 �Familial Adenomatous 
Polyposis

Although FAP accounts for less than 1 % of all 
colorectal cancers, it has provided greater knowl-
edge about carcinogenesis among the general 
population and about colon cancer in particular. 
Histologically, FAP is characterized by multiple 
adenomas, averaging less than 5 mm in diameter. 
The oft-cited number of 100 polyps varies 
according to the age of the patient. Because 
puberty is the general age at onset, an adolescent 
with less than ten adenomas and a confirmed 
family history of FAP must be considered as 
affected.

Two phenotypes have been described: classic 
FAP and attenuated adenomatous polyposis. 

M. Bennis, MD 
Department of Digestive Surgery,  
Hôpital Saint-Antoine, APHP, Paris, France
e-mail: malika.bennis@aphp.fr 

J.H. Lefevre, MD, PhD • E. Tiret, MD (*) 
Department of Digestive Surgery,  
Hôpital Saint-Antoine, APHP, Paris, France

Université Pierre et Marie Curie, Paris VI, Paris, France
e-mail: jeremie.lefevre@aphp.fr;  
emmanuel.tiret@aphp.fr

24

mailto:malika.bennis@aphp.fr
mailto:jeremie.lefevre@aphp.fr
mailto:emmanuel.tiret@aphp.fr
mailto:emmanuel.tiret@aphp.fr


278

Attenuated adenomatous polyposis regroups a 
subset of patients whose phenotype does not 
quite fit with classic FAP, in that the age at onset 
of both adenomas and cancer is later, usually 
from the age of 40 years onward; adenomas are 
fewer in number, often sessile, 1–2 mm in diam-
eter, with apparent rectal sparing. However, in 
1992 this variant was linked to the APC gene and 
so declared part of the normal spectrum of 
FAP.  Nevertheless, with the description of the 
MAP syndrome, genetic testing has allowed to 
show that some of these attenuated polyposis 
were in fact genuine MYH-related polyposis, not 
linked to APC [4].

The APC gene, which controls epithelial 
growth, was discovered in 1991. The APC pro-
tein, when functional, inhibits the Wnt signaling 
pathway by degrading β-catenin. When inacti-
vated, APC/β-catenin pairing is impossible and 
the excess β-catenin enters cell nuclei, activating 
growth regulator genes such as c-myc and vascu-
lar endothelial growth factor, which then induce 
colorectal epithelial proliferation and polyp for-
mation [1].

In sporadic cancer, somatic APC mutations 
are observed in 70 % of cases. The two alleles are 
mutated, mainly, in the mutation cluster region 
between codons 1250 and 1550. For patients with 
FAP, one of the two alleles is already inactivated 
by a germ-line mutation. A somatic event, such as 
the loss of the chromosome part containing the 
wild APC gene copy (loss of heterozygosity), 
leads to APC inactivation and thereby to the 
appearance of adenomas. Other genes like KRAS 
and p53 may mutate and cancer might then 
develop in these adenomas.

24.1.2	 �Hereditary Nonpolyposis 
Colorectal Cancer

The observation that HNPCC tumors exhibited a 
distinct molecular abnormality called DNA mic-
rosatellite instability (MSI) led to the identifica-
tion of DNA mismatch repair (MMR) genes as 
the genetic basis for HNPCC.  MMR proteins 
recognize and then correct base pair mismatches 
and small insertions or deletions that might 

occur during normal DNA replication. Multiple 
genes from the mutS (hMSH2, hMSH3, hMSH6) 
and mutL (hMLH1, hMLH3, hPMS1, hPMS2) 
families interact to repair these mismatched 
DNA sequences. Microsatellite DNA sequences, 
which are defined as short, repetitive mononu-
cleotide or dinucleotide sequences, are particu-
larly susceptible to replication errors. Most 
microsatellite sequences are located in the non-
coding regions of the genome. However, micro-
satellite sequences can be found within the 
coding regions of certain growth-regulatory 
genes, and a loss of MMR proofreading activity 
results in the accumulation of frameshift somatic 
mutations in these genes. These target genes 
include receptors for growth factors (transform-
ing growth factor [TGF]-β receptor II, insulin-
like growth factor II receptor), cell cycle 
regulators (E2F4), regulators of apoptosis 
(BAX), and some of the MMR genes themselves 
(hMSH3 and hMSH6).

24.1.3	 �MAP Syndrome

The high-risk colon cancer syndromes discussed 
so far display an autosomal-dominant pattern of 
inheritance. However, the discovery that biallelic 
mutations in the base excision repair gene 
MUTYH (GeneID 4595) result in an increased 
risk of colorectal adenomas and cancers led to the 
first description of an autosomal-recessive colon 
cancer syndrome [3].

8-Oxo-guanine is a by-product of oxidative 
DNA damage and it inappropriately pairs with 
adenines, leading to G:C→T:A mutations. The 
role of MUTYH is to excise the mispaired ade-
nines. Dysfunction of MYH results in the accu-
mulation of somatic G:C→T:A mutations in 
specific growth-regulatory genes, and APC seems 
to be a preferred target [5]. Genetic testing is now 
available, and analysis has focused on exons 7 
and 13 of the MYH gene. Two specific mutations 
in these exons, Y179C and G396D (previously 
described as Y165C and G382D), account for 
87 % of all MUTYH mutations among Northern 
European populations [6]. For non-Caucasian 
patients, a founder effect has been described  – 
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E480X is found in Indian patients [7] and 
c.1227_1228dup (p.Glu396-GlyfsX43) in North 
African patients – but these mutations are not fre-
quently found [8].

24.1.4	 �Other Syndromes

24.1.4.1	 �Peutz-Jeghers Syndrome
Peutz-Jeghers syndrome (PJS) is an autosomal-
dominant hamartomatous polyposis syndrome 
that carries a 39 % lifetime risk of colon cancer 
[9]. There is, however, a 93 % cumulative risk of 
developing any type of malignancy. PJS has 
been linked to germ-line mutations of LKB1, a 
serine-threonine kinase located on chromosome 
19p. Among its many functions, LKB1 regulates 
p53-mediated apoptosis. Adenosine monophos-
phate–activated protein kinase was recently 
identified as a direct phosphorylation target for 
LKB1, implicating LKB1 in the control of cellu-
lar metabolism. However, 50–60 % of patients 
with classic features of PJS have identifiable 
germ-line mutations of LKB1, suggesting there 
may be additional disease loci yet to be 
identified.

24.1.4.2	 �Juvenile Polyposis Syndrome
Like PJS, juvenile polyposis syndrome (JPS) is 
inherited in an autosomal-dominant pattern and 
is characterized by the development of hamarto-
matous intestinal polyps [10]. Patients with JPS 
exhibit a 10–38 % lifetime risk of colon cancer, 
and the average age at diagnosis is 34 years. JPS 
is clinically diagnosed when there are five or 
more juvenile polyps in the colorectum, or mul-
tiple juvenile polyps throughout the gastrointesti-
nal tract, or any number or juvenile polyps with a 
family history or juvenile polyposis.

Two genes, MADH4 and BMPR1A, have been 
linked to JPS. MADH4, located on chromosome 
18q, encodes the Smad4 protein that regulates 
intracellular signaling of TGF-β. The BMPR1A 
gene on chromosome 10q encodes a receptor for 
bone morphogenetic protein, a member of the 
TGF-β superfamily. However, a pathogenic 
mutation in one of these two genes is detected in 
only 40–50 % of patients with JPS.

24.1.4.3	 �Hyperplastic Polyposis 
Syndrome

Sporadic hyperplastic polyps are encountered 
incidentally in the distal sigmoid and rectum and 
traditionally have been thought not to possess 
any malignant potential. However, individuals 
and families rarely exhibit numerous hyperplas-
tic polyps distributed throughout the colon, and 
approximately 25–35 % of these patients were 
found to have associated synchronous colorectal 
cancers [11]. The etiology of this syndrome, 
called hyperplastic polyposis syndrome, has yet 
to be elucidated, and its diagnosis remains purely 
clinical.

24.2	 �Familial Adenomatous 
Polyposis

24.2.1	 �Molecular Screening

Molecular testing for FAP is currently offered 
by direct mutation analysis and in vitro synthe-
sized protein assay, which looks directly at the 
truncated protein product of the APC gene. The 
best age for genetic testing is still matter of 
debate. It should be preceded by counseling 
about psychological and social issues, and the 
results should be communicated during a 
counseling session [12].

Mutation of the APC gene, either a point 
mutation or a genomic deletion, is found in about 
85 % of patients with an FAP phenotype. In some 
patients, however, no mutation can be demon-
strated. Moreover, about 20 % of patients with an 
APC mutation explaining their FAP phenotype 
are de novo mutants without a family history of 
FAP.  The correlation between genotype and 
phenotype is not relevant enough to guide thera-
peutic choices [4, 13].

24.2.2	 �Screening Guidelines

•	 Early detailed registry pedigrees have pro-
vided generational proof that the majority of 
children and their siblings are diagnosed 
between the ages of 15 and 25  years. 

24  Genetics



280

Consequently, screening guidelines were 
established for use between ages 10 and 
14 years.

•	 One of the major drawbacks of screening is 
the lack of compliance from patients subjected 
to excessive screening. Colonoscopy remains 
the screening standard, and it is advocated 
once a diagnosis of FAP has been established 
either clinically or genetically. However, flex-
ible sigmoidoscopy may be preferred as the 
first screening tool because it is minimally 
invasive, allows biopsy, and is generally 
acceptable to adolescents.

•	 Follow-up is recommended every 2 years until 
the age of 35 and every 3–5 years thereafter 
for at-risk first-degree relatives who have not 
undergone predictive testing or who analy-
sishave undergone DNA analysis that pro-
vides no information about whether they are 
affected.

•	 Patients in whom an APC mutation cannot be 
proven but who have several affected and 
available relatives should be considered as 
mutants and monitored accordingly.

•	 Patients who do not have the APC mutation 
found in their family are not at risk and, 
depending on the quality of the laboratories 
performing the molecular diagnosis, should 
not be considered at risk.

24.2.3	 �Colorectal Polyposis

The known adenoma-carcinoma sequence does 
not seem to be accelerated in FAP, and therefore 
the disease is a prototype for cancer prevention 
through prophylactic surgery. The lifetime risk of 
colorectal cancer in patients with FAP is approxi-
mately 100 % and is related to the severity of 
colorectal polyposis. The cancer risk for patients 
with severe polyposis (i.e., >1,000 polyps) is 
thought to be double the risk for patients with 
<1,000 polyps.

24.2.3.1	 �Timing for Colectomy
Although colorectal polyps often start to develop 
during the teenage years, invasive cancer is 
exceedingly rare before the end of puberty and 

even the age of 20 years. In patients with known 
FAP, screening should commence around the age 
of 12 years with yearly flexible sigmoidoscopy; if 
polyps are found, this should be supplemented by 
colonoscopy. In patients with mild disease, sur-
gery can be deferred until the late teenage years. 
In severe disease with dense polyposis, surgery 
should be carried out as soon as possible, but 
preferably after puberty.

24.2.3.2	 �Type of Surgery
There are three surgical options in the treatment 
of FAP:

•	 Restorative proctocolectomy with ileal 
pouch–anal anastomosis (IPAA)

•	 Colectomy with ileorectal anastomosis (IRA)
•	 Proctocolectomy with permanent end 

ileostomy

Each of these options has advantages and 
disadvantages:

•	 IPAA greatly reduces the risk of rectal cancer, 
especially when performed with mucosec-
tomy and hand-sewn anastomosis. It is, how-
ever, a technically more demanding procedure 
and associated with a higher morbidity than 
IRA [14]. Nowadays, a diverting stoma is not 
always mandatory in these young patients 
[15]. Initial reports of postoperative reduced 
fertility in women have been contradicted [16, 
17]. The reduction of pelvic adhesions with a 
laparoscopic approach may explain the low 
impact on fertility observed in recent 
publications.

•	 IRA carries low rates of morbidity and mortal-
ity, with good functional results, and is com-
monly performed without a temporary 
diverting stoma. The major drawback is the 
persistent risk for cancer in the retained rec-
tum. The overall cumulative risk of rectal can-
cer has been shown to be up to 30 % by age 60 
[18]. It, however, remains an option in indi-
viduals with a low rectal cancer risk (mild rec-
tal polyposis, late onset, specific mutations).

•	 Proctocolectomy with permanent end ileos-
tomy is nowadays rarely performed because a 
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permanent stoma is usually unacceptable to 
young patients. However, it still has a role in 
the treatment of very low rectal cancer, when 
sphincter preservation is not possible.

The options, including the possibility of a lap-
aroscopically assisted procedure, need to be dis-
cussed with each individual patient.

An IPAA should be recommended to patients 
with rectal polyposis (>20 polyps in the distal 
10  cm of the rectum) or when there is concern 
about compliance with long-term surveillance of 
the rectum. Young women with FAP need to be 
counseled about the fertility implications of 
IPAA. It needs to be emphasized to patients that, 
regardless of the type of operation performed, 
long-term follow-up is required for either the rec-
tal stump after IRA or the “neorectum” after 
IPAA, and for extracolonic manifestations of 
FAP.

24.2.3.3	 �Surveillance After Surgery
Regular follow-up is mandatory after any proce-
dure [12]. The standard care includes perianal 
digital and flexible endoscopic examination at 
yearly intervals.

The risk of rectal cancer after IRA is closely 
related to the severity of the polyposis. During 
surveillance endoscopy, random biopsies to 
check for dysplasia are mandatory. Adenomas 
smaller than 5 mm in diameter may be observed 
and those larger than 5 mm are snared. Over time, 
repeated endoscopic polypectomy can induce 
dense scarring, which can make assessment of 
the rectal mucosa difficult. Reduced rectal com-
pliance due to scarring can eventually result in 
functional disturbances in stool frequency, 
urgency, and incontinence, and may eventually 
lead to proctectomy. Completion proctectomy is 
indicated for villous adenomas >1 cm and biopsy-
proven high-grade dysplasia or invasive cancer.

The nonsteroidal anti-inflammatory drug 
(NSAID) sulindac has been shown to induce 
regression of rectal and pouch adenomas [19, 
20]. Temporary regression of rectal polyps is 
observed in approximately two-thirds of patients, 
but with longer follow-up this effect vanishes. 
However, new cancers have been observed under 

sulindac treatment. Celecoxib, a selective cyclo-
oxygenase-2 inhibitor, also induces regression of 
colonic polyps in FAP but is no longer available 
because of its adverse cardiovascular effects.

Endoscopic pouch examination allows sur-
veillance of pouch adenomas, which tend to 
occur more frequently with longer follow-up. 
Their significance will become clearer in due 
course, once large cohorts of FAP patients with 
IPAA achieve 20–25 years of follow-up.

24.2.3.4	 �Chemoprevention as Primary 
Therapy for Colorectal 
Polyposis

The NSAIDs sulindac, celecoxib, and exisulind 
have been shown to induce regression of colorec-
tal adenomas in FAP. This effect has been demon-
strated for up to 4 years in patients with IRA. Of 
concern are case reports of the occurrence of can-
cers despite chemoprevention and regular surveil-
lance. It is therefore clear that chemoprevention 
cannot be recommended as an alternative to sur-
gery. NSAIDs are indicated to control pouch pol-
yposis and rectal polyposis following IRA, 
especially when surgery is contraindicated or 
declined. Close surveillance with flexible endos-
copy for 6–12 months is mandatory.

24.2.4	 �Duodenal Adenomas

24.2.4.1	 �Surveillance
Duodenal adenomas occur in the vast majority of 
patients with FAP (>90 %), but only 10 % develop 
severe disease, and malignant transformation 
occurs in just under 5 %. Nevertheless, immedi-
ately after desmoid tumors, duodenal cancer is the 
most common cancer-related cause of death in 
patients with FAP after proctocolectomy. Screening 
of the upper gastrointestinal tract usually begins 
around the age of 20 years, and subsequent inter-
vals are determined by disease severity [12]. The 
aim of endoscopy is not to remove all adenomas 
but to stage and control disease severity.

Treatment for duodenal polyposis is difficult. 
Endoscopic interventions, which include snaring, 
electrocoagulation, laser ablation, and photody-
namic therapy, should be performed as the first 
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option, but they are often technically demanding, 
if not impossible, and carry substantial potential 
for complications. Small adenomas should be 
biopsied. The Spigelman classification allows 
staging of the severity of duodenal polyposis 
according to the number and size of polyps and 
by the histological type and degree of dysplasia 
[21] (Table 24.1).

A surgical approach needs to be considered 
for patients with stage III/IV tumors. Treatment 
with celecoxib had been shown to be effective in 
reducing duodenal polyposis, but the drug has 
been taken off the market.

24.2.4.2	 �Surgery for Duodenal 
Adenomas

Both endoscopic and open surgical excision of 
duodenal adenomas allows down-staging of the 
polyposis, but it is associated with a high risk of 
recurrence. The only chance of a permanent cure 
for patients with advanced duodenal polyposis is 
a duodenal resection. The operation of choice is 
a pylorus-preserving pancreaticoduodenectomy 
or a pancreas-preserving duodenectomy in 
selected cases when there is no concern about 
malignancy [22]. In specialist centers the out-
come is good, with low recurrence rates and 
acceptable morbidity. Duodenal polyposis seems 
to follow the adenoma-carcinoma sequence. 
Therefore surgery should be discussed with 
patients with progressive and severe duodenal 
polyposis because invasive disease carries a poor 

prognosis, even when treated by radical surgery 
(Whipple procedure).

24.2.5	 �Desmoid Tumor

Desmoid tumors are histologically benign but 
locally invasive monoclonal proliferations of 
fibroblasts. They are only occasionally seen in 
the general population but affect 10–15 % of all 
patients with FAP.  Desmoid tumors, together 
with duodenal polyposis/cancer, are the major 
cause of morbidity and mortality after procto-
colectomy; they lead to death in approximately 
10 %. Desmoid tumors arise either within the 
abdominal cavity, in particular within the small-
bowel mesentery or on the abdominal wall, and 
occasionally on the extremities (Figs.  24.1 and 
24.2). Their natural history shows great variation, 
with episodes of rapid and destructive growth as 
well as spontaneous regression. Intra-abdominal 

Table 24.1  Spigelman score to classify the severity of 
duodenal polyposis

Points

1 2 3

Number of 
polyps

1–4 5–20 >20

Polyp size 
(mm)

1–4 5–10 >10

Histology Tubulous Tubulovillous Villous
Degree of 
dysplasia

Mild Moderate Severe

Stage 0: 0 points
Stage I: 1–4 points
Stage II: 5–6 points
Stage III: 7–8 points
Stage IV: 9–12 points

Fig. 24.1  Desmoid tumor of the abdominal wall (MRI)
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desmoid tumors can cause small-bowel and ure-
teric obstruction. Occasionally, a desmoid tumor 
arising within the small-bowel mesentery, 
thereby shortening it, makes a restorative proce-
dure with IPAA impossible.

Risk factors for desmoid tumors have been 
identified among the FAP population: a germ-
line mutation beyond the codon 1444, a family 
history of desmoid tumor, and a personal history 
of abdominal surgery [23, 24].

Medical treatment options include NSAIDs, 
antiestrogens, and chemotherapy and are used in 
an attempt to stabilize the tumor and induce 
regression. Several small studies have reported 
success for treatment with sulindac and/or tamox-
ifen [25], but evidence from randomized con-
trolled studies is lacking. Cytotoxic therapy with 
vinblastine and methotrexate has shown some 
response. A more aggressive regimen combining 

dacarbazine with doxorubicin seems to be effec-
tive in rapidly expanding desmoid tumors. For 
stable intra-abdominal desmoid tumors, sulindac 
alone may be used. For slowly growing or symp-
tomatic tumors, tamoxifen can be added. 
Chemotherapy is reserved for rapidly growing 
tumors; the rate of growth determines the drug 
regimen [26].

Surgery is recommended as the first-line treat-
ment for desmoid tumors in the abdominal wall. 
Morbidity and mortality rates are low, but even 
with a 1-cm excision, margin recurrence is 
common. The abdominal wall may require recon-
struction with prosthetic material. Surgery for 
intra-abdominal desmoid tumors is associated 
with a high risk of major complications (includ-
ing hemorrhage, recurrence, and long-term par-
enteral nutrition) and therefore should be avoided 
whenever possible, unless the rare situation 

Fig. 24.2  Giant desmoid tumor arising from the mesentery and fistulized through the abdominal wall (CT scan)
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occurs where complete resection of the tumor 
can be performed easily. Intestinal ischemia and 
perforation resulting in peritonitis may, however, 
require an emergency laparotomy. In the future, 
small-bowel transplantation may become a treat-
ment option for intra-abdominal desmoid tumors.

24.3	 �Hereditary Nonpolyposis 
Colorectal Cancer Syndrome

24.3.1	 �Molecular Screening

Following a careful personal and family history 
of cancer, some patients fulfill the Amsterdam I 
or II criteria or some of the Bethesda criteria 
(Table  24.2). However, these criteria are too 

stringent, and most patients carrying a deleteri-
ous germ-line mutation of an MMR gene will not 
be identified. At present, the recommendation is 
to try to determine the MSI phenotype after selec-
tion with these criteria and to test patients who 
show an MSI phenotype on polymerase chain 
reaction products for mutations [27]. An alterna-
tive is to test all colorectal cancers with immuno-
histochemical staining with anti-MLH1 and 
anti-MSH2 antibodies [28]. The loss of expres-
sion of one of these proteins as determined by 
immunohistochemistry correlates with the MSI 
phenotype. All patients presenting with a cancer 
deficient for one of these proteins should there-
fore be counseled about the search for a mutation 
on the gene of the deficient protein. Moreover, if 
several mechanisms can explain the MLH1 defi-
ciency, most patients presenting with an MSH2-
deficient cancer will have a germ-line mutation 
of this gene.

24.3.2	 �Screening Guidelines

•	 HNPCC is more complex than FAP because 
more genes are involved, penetrance is less 
complete, and expression is more varied. 
Furthermore, patients may be diagnosed with 
HNPCC clinically or biologically. These two 
subgroups are not identical, especially with 
regard to the risk of colorectal cancer among 
their relatives. Therefore, there are no clear 
recommendations for surveillance.

•	 However, once a diagnosis of HNPCC has 
been established by either clinical or molecular 
criteria, an aggressive cancer screening pro-
gram should be initiated.

•	 Colonoscopy should begin between age 20 
and 25 and then repeated every 1–2 years.

•	 Gynecologic examination, annual transvagi-
nal ultrasound, and endometrial aspiration 
biopsy are recommended because of the high 
risk of endometrial cancer after age 35.

•	 Even if some deaths are not linked to colorec-
tal or endometrial cancer, there are no stan-
dardized guidelines for screening for other 
tumors; this is usually based on the specific 
family history.

Table 24.2  Clinical guidelines for the diagnosis of 
hereditary nonpolyposis colorectal cancer (HNPCC)

Amsterdam I criteria

1. Three relatives with colorectal cancer, one being a 
first-degree relative of the other two

2. Cases that span at least two generations
3. At least one colorectal cancer case diagnosed 

before age 50
Amsterdam II criteria

1. Three relatives with an HNPCC-associated cancer 
(colorectal, endometrial, small bowel, ureter, or 
renal pelvis), one being a first-degree relative of the 
other two

2. Cases that span at least two generations
3. At least one cancer case diagnosed before age 50
Bethesda criteria (revised in 2004)
1. Colorectal cancer before age 50
2. Synchronous or metachronous colorectal cancer or 

other HNPCC-related cancer (endometrial, ovarian, 
gastric, small bowel, urinary tract, biliary tract, 
pancreas, brain, or sebaceous gland), regardless of age

3. Colorectal cancer with MSI-H morphology 
(characterized by the presence of tumor-infiltrating 
lymphocytes, mucinous differentiation/signet-ring-
cell carcinoma, peritumoral Crohn’s-like 
lymphocytic reaction, medullary growth pattern) 
before age 60

4. Colorectal cancer with one or more first-degree 
relatives with colorectal cancer or another 
HNPCC-related cancer, with one of the cancers 
diagnosed before age 50

5. Colorectal cancer with two or more relatives with 
colorectal cancer or another HNPCC-related 
cancer, regardless of age
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•	 Screening for ovarian cancer should include 
annual transvaginal ultrasound and pelvic 
examination.

•	 Upper gastrointestinal endoscopy should be 
carried out every 2  years starting from age 
30–35 and then every 1–2 years.

•	 An approach to screening for tumors of the uro-
epithelial tract should incorporate annual renal 
ultrasound, urinalysis, and urine cytology.

24.3.3	 �Colon and Rectum

The theoretical options for HNPCC mutation car-
riers with a normal colon are surveillance or pro-
phylactic colectomy as a cancer prevention 
method in highly selected patients. A decision 
analysis model showed gains in life expectancy 
for HNPCC patients when offered some interven-
tion [29]. In cohort studies the benefit was greater 
for prophylactic colectomy when compared to 
colonoscopic surveillance and decreased the lon-
ger surgery was delayed. Randomized controlled 
data comparing surveillance and prophylactic 
surgery are, however, not available. During the 
decision-making process, the patient needs to be 
told that the optimal management strategy is not 
yet known and be counseled regarding the risks 
and benefits of the available options.

For HNPCC mutation carriers with an invasive 
colorectal cancer, the choice lies between a con-
ventional segmental colectomy and a total colec-
tomy with IRA. Unless the first cancer carries a 
poor prognosis, prophylactic colectomy seems a 
reasonable option, as the risk of a metachronous 
colorectal tumour is around 30 %. However, there 
is still no clear consensus on the surgical manage-
ment of colon cancer. The options (partial or total 
colectomy) should be discussed with the patient, 
taking into account age, comorbidities, and can-
cer stage [27]. Regardless of the procedure, life-
long postoperative surveillance is required, with 
colonoscopy or proctoscopy every year or 2 years 
in the case of IRA.  It seems that the adenoma-
carcinoma sequence is accelerated in HNPCC, 
and there is evidence that cancers can develop 
within 2 years of a negative colonoscopy [31].

The risk of rectal cancer following a total col-
ectomy with IRA has been shown to be approxi-

mately 12 % at 12  years’ follow-up, making 
surveillance mandatory. Patient compliance and 
the availability of high standard endoscopy will 
also influence the individual decision.

Rectal cancer is an uncommon index cancer in 
HNPCC. The principal options are anterior resec-
tion of the rectum or proctocolectomy with 
IPAA.  The likely functional outcome, long-term 
morbidity, and impact on quality of life of each pro-
cedure, as well as the need for lifelong colonoscopic 
surveillance if the proximal colon is preserved, need 
to be discussed in detail with the patient.

24.3.4	 �Endometrial Cancer

The cumulative risk of endometrial cancer in 
women with HNPPC is 42 % and seems to be 
linked to mutation of MSH6 in particular and, to 
a lesser degree, mutation of MSH2 and MLH1. 
The risk of ovarian cancer is also high, and syn-
chronous ovarian and endometrial cancers have 
been reported in up to 7 % of patients [32]. The 
option of prophylactic hysterectomy and bilateral 
salpingo-oophorectomy needs to be carefully dis-
cussed with the patient. At present, the best 
option seems to be surveillance until the patient 
has completed childbearing. Hysterectomy and 
oophorectomy may then be carried out at the time 
of colectomy or on a separate occasion.

24.4	 �Other Syndromes

24.4.1	 �MAP Syndrome

•	 To date, two guidelines (an international one 
and a French one) are available [12, 30].

•	 Screening colonoscopies should start at age 
20 for patients with biallelic mutations. The 
recommended interval depends on the severity 
of the disease.

•	 The management of colonic polyps depends 
on their number:
–– Limited polyps can be removed 

endoscopically.
–– If polyps are numerous or have a high risk 

of malignant transformation, the surgical 
choice lies between a total colectomy and a 
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restorative proctocolectomy with IPAA, 
depending on the number of rectal polyps.

•	 Because of its recessive inheritance, colorec-
tal cancer is often present at the time of diag-
nosis (around 50 %).

•	 At least one dermatological evaluation is rec-
ommended at the time of diagnosis. Sebaceous 
lesions are frequent and may lead to 
carcinoma.

•	 No desmoid tumors have been found so far in 
patients with MAP syndrome.

•	 Siblings of patients with MAP syndrome and 
patients with a monoallelic MUTYH mutation 
are not in the group at high risk of colorectal 
cancer. Therefore, colonoscopy should be per-
formed every 5 years starting at age 45.

•	 Duodenal surveillance of polyps should start 
at age 25 and subsequently according to the 
Spigelman score.

24.4.2	 �Peutz-Jeghers Syndrome

•	 Because of the risk of colon cancer, colonos-
copy is recommended every 3 years starting at 
age 18.

•	 In addition, upper gastrointestinal endoscopy 
should be performed every 3 years starting at 
age 25.

•	 Screening for small-bowel cancer should be 
undertaken with a small-bowel series or vid-
eocapsule endoscopy every 2 years.

•	 Screening for pancreatic cancer should include 
endoscopic or abdominal ultrasonography 
starting at age 30 and every 1–2  years 
thereafter.

•	 Annual breast examination with mammogra-
phy every 2–3  years starting at age 25 is 
recommended.

•	 Screening for endometrial and ovarian cancers 
should start at age 20 with an annual pelvic 
examination, Pap test, and pelvic ultrasound.

•	 In men, annual testicular examination should 
commence at age 10, and testicular ultraso-
nography should be performed if feminine 
features are observed.

24.4.3	 �Juvenile Polyposis Syndrome

•	 Patients with JPS should have their first colo-
noscopy around age 15–18, and this should be 
repeated every 1–2 years.

•	 Upper gastrointestinal endoscopy is recom-
mended from age 25 and then every 1–2 years.

24.4.4	 �Hyperplastic Polyposis 
Syndrome

•	 Cancer screening guidelines have not been 
established yet. However, a possible strategy 
is to repeat colonoscopy 1 year after the diag-
nosis is made and then every 2–3 years.

•	 Colectomy may be appropriate in cases where 
the polyp burden is unmanageable 
endoscopically.
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Colon Cancer

Thomas H.K. Schiedeck and Klaus E. Matzel

25.1	 �Introduction

Colon cancer is common and usually presents 
with a history of altered bowel habit, rectal bleed-
ing, or anemia. The onset and severity of symp-
toms depends on tumor location. Advanced 
disease at first presentation is not uncommon 
because diagnosis of proximal tumors is difficult 
and often delayed. Outcome is most closely 
related to the extent of disease at presentation. 
Surgical resection is the primary treatment for 
any colon cancer, even in advanced stages; adju-
vant chemotherapy improves outcome but the 
prerequesite of adjuvant treatment is complete 
removal of the primary tumor. Neoadjuvant che-
motherapy should be discussed in selected cases.

25.2	 �Anatomy

The colon is topographically divided into cecum, 
ascending colon, transverse colon, descending 
colon, and sigmoid colon. Colonic tumors occur 
between the ileocecal junction and the rectosigmoid 

junction (15 cm from the anal verge, as measured 
with rigid sigmoidoscopy).

The great majority of colon cancers are adeno-
carcinomas. Rare tumors, such as neuroendocrine 
tumors (including carcinoid tumors), leiomyosar-
coma, hematopoietic neoplasms, and lymphoid 
neoplasm, are not described in this chapter.

25.3	 �Incidence

Bowel cancer is the second most common cancer 
in Europe, with around 447,000 new cases diag-
nosed in 2012. In Europe in 2012, the highest 
age-standardized incidence rates for bowel can-
cer worldwide were in Slovakia for men and 
Norway for women. The incidence of colorectal 
cancer increases significantly starting at age 
50 years, with the highest rates in the ≥85-year-
old age group. Among adults, incidence rates are 
significantly higher for males than females 
(17:10). The risk for colorectal cancer is increased 
in certain groups (see below).

25.4	 �Etiology/Epidemiology

The great majority (approximately 90 %) of colon 
cancers are sporadic, and only 5 % are associated 
with a recognized familial pattern of inheritance. 
Several extrinsic factors are connected with an 
increased risk of developing colon cancer.
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25.4.1	 �Extrinsic Factors/Risk

There is some evidence that a diet rich in vegeta-
bles is protective because of the presence of sub-
stances with anticarcinogenic properties, such as 
carotenoids, folate, phenols, and flavonoids. 
Consumption of nondigestible fructo-
oligosaccharides may selectively promote the 
growth and activity of potentially beneficial bacteria 
such as Bifidobacterium and Lactobacillus species. 
Diets high in starch, nonstarch fiber, and carot-
enoids possibly decrease risk of developing colon 
cancer. Daily fiber uptake should achieve 30 g to 
decrease risk. Usage of dietary supplements (e.g., 
vitamins, calcium, or β-carotenoid) are not recom-
mended. There is no evidence of risk reduction.

High physical activity is known to decrease 
risk for colon adenomas and colon cancer.

Obesity is connected with a doubled risk of 
colon cancer (occurring more often in men than 
women). Starting at a body mass index >25 kg/
m2, a linear correlation between body mass index 
and risk of colon cancer was detected. Smoking 
is associated with a doubled risk of colon cancer. 
There is a positive correlation between alcohol 
consumption and colon cancer. The uptake of 
100  g alcohol/week is connected with a 15 % 
increased cancer risk. Red meat and processed 
meat are also associated with a higher risk of 
colon cancer.

Cox-II inhibitors are associated with a 
decreased risk of colorectal cancer, but unfortu-
nately their use is accompanied by increased car-
diovascular morbidity. Therefore they are not 
generally recommended. Chronic use of aspirin 
decreases the risk of colorectal cancer (proven by 
cohort studies) but increases the incidence of gas-
trointestinal bleeding and is therefore also not 
recommended for the prevention of colorectal 
cancer.

25.4.2	 �Genetic Factors

Fifteen percent of patients with sporadic colorec-
tal cancer show hereditary nonpolyposis colorec-
tal cancer (HNPCC)–like genome defects: 
microsatellite instability (MSI) and loss of the 

MLH1 protein. In sporadic colorectal cancer, this 
is caused by a mutation of the BRAF gene. First-
degree relatives of an index patient have a higher 
(1.6-fold) risk of developing colorectal cancer. In 
any tumor with MSI and an MLH1 defect, a 
BRAF analysis should performed to distinguish 
between sporadic colorectal cancer and HNPCC.

25.4.2.1	 �Familial Adenomatous 
Polyposis

Familial adenomatous polyposis (FAP) is associ-
ated with a mutation or loss of the FAP gene (also 
called the adenomatous polyposis [APC] gene). 
The risk of developing colorectal cancer is nearly 
100 % in FAP. The onset of this polyp disease 
occurs in the second decade of life, and more 
than 100 polyps are characteristic.

Extracolonic intestinal manifestations (occur-
ring in approximately 75 % of patients) include 
adenomas of the duodenum and the ampulla of 
Vater, both considered to be precancerous. 
Incidence of gastric adenomas is less than 10 % 
in FAP. Extraintestinal manifestations include 
desmoid tumors, thyroid carcinoma, medullo-
blastoma, hepatoblastoma, osteoma, epidermoid 
cysts, and pigment anomalies of the retina.

25.4.2.2	 �Attenuated Familial 
Adenomatous Polyposis

Patients with attenuated FAP (attenuated adeno-
matous polyposis coli [AAPC]) typically present 
with <100 polyps and at an older age, often the 
fourth decade. Extracolonic manifestations can 
occur. AAPC is caused by a heterogenous group 
of APC and MYH mutations. Proof of MSI, APC, 
and MYH can be helpful to differentiate AAPC 
from HNPCC.

25.4.2.3	 �MUTYH-Associated 
Polyposis

MUTYH-associated polyposis (MAP) is the 
most important differential diagnosis of FAP. It is 
diagnosed in 15–20 % of all APC mutation–
negative colorectal adenomatoses. The pheno-
type of MAP is similar to that of AAPC.  The 
lifetime risk of developing colorectal cancer is 
high among patients with MAP (70–80 %). 
Because MAP is an biallelic (autosomal-reces-
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sive) germ-line mutation, the risk of children of 
index patients or heterozygotic carriers develop-
ing colorectal cancer is low.

25.4.2.4	 �Hereditary Nonpolyposis 
Colorectal Cancer

HNPCC is associated with germ-line mutations 
in six DNA mismatch repair (MMR) genes 
(MLH1, MLH2, MSH2, MSH6, PMS1, PMS2). 
Almost 90 % of the detected mutations are 
located in MSH2 and MLH1.

Unlike for FAP, clinical diagnosis is difficult 
because HNPCC does not present with a distinct 
phenotype. Thus clinical criteria (Amsterdam I 
and Bethesda criteria; Tables 25.1 and 25.2) were 
defined for use as a screening tool for mutations. 
HNPCC is clinically diagnosed if the Amsterdam 
I criteria are met. The Amsterdam II criteria refer 
to extracolonic manifestations (endometrial, uro-
thelial, and small-bowel carcinomas). Because 
many families today are small, a negative family 
history does not preclude HNPCC; the less-spe-
cific Bethesda criteria aim to determine a diagno-
sis in small families using clinical means. MSI is 
found in tumor tissue harvested from 80 to 90 % 
of patients who fulfill the Amsterdam I/II criteria 
and in 30 % of patients who fulfill the Bethesda 
criteria.

General tumor risk in patients with HNPCC is 
considered to be 80–90 %, with colorectal cancer 
being the most common (at a median age of 
44 years; uncommon before 25 years). The sec-
ond most common cancer in patients with 
HNPCC is endometrial carcinoma; lifetime risk 
is 40–60 % at a median age between 46 and 
48 years. Ovarian cancer occurs in 10–15 %; gas-
tric cancer, mostly the intestinal tumor type, in 
2–13 %; and small-bowel cancer in 1–4 % 
(around one-third occur in the duodenum). The 
relative risk for urothelial cancer in men with a 
mutation in the MMR germ line is 4.2; for women 
it is 2.2-fold higher.

Performing additional molecular (pathologic) 
diagnostics regarding HNPCC is recommended 
in every person fulfilling one Bethesda criterion. 
Diagnostic evaluation should include immuno-
histochemical staining of MMR protein expres-
sion and analysis of MSI.

25.4.2.5	 �Hamartomous Polyposis 
Syndrome

Peutz-Jeghers syndrome and juvenile polyposis 
coli (familial juvenile polyposis) are rare hamar-
tomatous polyposis syndromes. Peutz-Jeghers 
syndrome is an autosomal-dominant germ-line 
mutation of the STK11/LKB1 gene. The cumula-
tive lifetime risk for malignant tumors reaches 
90 %; the risk for colorectal cancer is 39 % and is 
mostly commonly diagnosed at an age of 
30–50 years.

25.4.2.6	 �Chronic Inflammatory Bowel 
Disease

Colorectal cancer risk is increased in patients 
with ulcerative colitis and is dependent on the 
manifestations, extent, and duration of the dis-
ease. The cumulative lifetime risk of developing 
cancer in patients with pancolitis is 2 % after 
10  years, 9 % after 20  years, and 18 % after 
30 years.

Table 25.1  Amsterdam I criteria

1. At least three relatives with histopathologically 
verified colorectal cancer; one must be a first-
degree relative of the other

2. At least two successive generations affected
3. At least one of the relatives with colorectal cancer 

diagnosed at less than 50 years of age
4. Familial adenomatous polyposis has been excluded

Table 25.2  Revised Bethesda guidelines

Tumors from individuals should be tested for MSI in 
the following situations

1. Colorectal cancer diagnosed in a patient who is 
less than 50 years of age

2. Presence of synchronous, metachronous 
colorectal, or other HNPCC-associated tumors, 
regardless of age

3. Colorectal cancer with the MSI-H histology 
diagnosed in a patient who is less than 60 years 
of age

4. Colorectal cancer diagnosed in one or more 
first-degree relatives with an HNPCC-related 
tumor, with one of the cancers being diagnosed 
under the age of 50 years

5. Colorectal cancer diagnosed in two or more 
first- or second-degree relatives with HNPCC-
related tumors, regardless of age
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Crohn’s disease is also associated with an 
increased risk for colorectal and small-bowel 
cancers, although it is less well defined. A 3.5- to 
7-fold increase is suggested, specifically when 
the colon is involved in Crohn’s disease.

25.5	 �Diagnosis

Colorectal cancer is diagnosed either as a result 
of a screening program or when a patient becomes 
symptomatic. Early colorectal cancer is often 
asymptomatic (especially if located in the right 
hemicolon) or presents with nonspecific symp-
toms; thus screening programs for early detection 
are of major importance. Since the late 1950s, a 
gradual shift toward right-sided or proximal 
colon cancers has been observed.

25.5.1	 �Screening in the Healthy 
Population

Screening for colorectal cancer aims for early 
detection and the removal of precancerous lesions 
in sporadic colorectal cancer developing in patients 
older than 50 years. Complete flexible colonoscopy 
is the gold standard in early detection of colorectal 
neoplasias. It shows the highest sensitivity and 
specificity. Two case-control studies demonstrated 
a 66–90 % reduction in colorectal cancer incidence 
by flexible colonoscopy. Negative colonoscopy 
should be repeated after a period of 10 years.

The protective effect of flexible sigmoidoscopy 
for distal neoplasms seems to last 6–10  years. 
However, a study of nearly 10,000 patients showed 
a 0.8 % detection rate for distal adenomas or carci-
nomas 3 years after negative sigmoidoscopy. The 
recommend control interval for sigmoidoscopy 
without pathological findings is 5 years.

The second recommended screening method 
is fecal occult blood testing (FOBT). The sensi-
tivity of FOBT for confirmed colorectal cancer is 
50 % and for polyps is around 10 %. The predic-
tive value of a positive test averages 10 % for can-
cer. Any (single) positive test result must be 
followed by complete flexible colonoscopy. The 
efficacy of FOBT was demonstrated in four large, 

randomized trials in which colorectal cancer 
mortality was reduced by 25 % in individuals par-
ticipating in an annual screening program. 
Biennial testing is less effective. FOBT is unnec-
essary in individuals participating in an regular 
colonoscopy screening program.

Randomized trials have demonstrated that 
some immunologic FOBTs are superior regarding 
the detection rate of advanced neoplasias com-
pared with guaiac FOBT. The studies show some 
immunologic FOBTs (e.g., OC-Sensor) afford the 
same specificity (>90 %) but higher sensitivity.

The Advisory Committee on Cancer Prevention 
in the European Union suggested in 1999 that 
screening programs for colorectal cancer should 
use FOBT.  Colonoscopy should be used to fol-
low-up on positive findings. Screening should be 
offered to men and women aged 50 to approxi-
mately 74 years, with an interval of 1–2 years.

25.5.2	 �Screening in Populations 
at Increased Risk

Persons with increased risk for colorectal cancer 
due to certain predispositions comprise the fol-
lowing three groups:

•	 Increased family risk (genetic background 
unknown)

•	 Proven or potential risk of hereditary colorec-
tal cancer

•	 Presence of chronic inflammatory bowel 
disease

First-degree relatives of patients with colorec-
tal cancer are at increased risk of developing 
colorectal cancer. If an index patient older than 
60 years develops cancer, the risk of developing 
cancer is only minimally increased for his or her 
relatives.

In patients with a family history of colorectal 
cancer or adenomatous polyps, advise screening 
colonoscopy beginning at age 40  years or 
10  years younger than the youngest age at the 
diagnosis in the family. Screening should be 
repeated at 5-year intervals. This protocol should 
followed in two groups of patients:
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Persons with a first-degree relative (parent, sib-
ling, or child) with colon cancer or adenoma-
tous polyps diagnosed at an age ≤60 years

Persons with two first-degree relatives diagnosed 
with colorectal cancer at any age

These screening recommendations must be 
considered provisional, as mortality-reduction 
studies are not yet available.

Colorectal cancer mortality is lower in patients 
with FAP who have been screened than in those 
who present with symptoms. Genetic testing 
should be performed at age 10 years; if a genetic 
mutation can be excluded, no further special 
screening is required. Annual colonoscopy from 
age 10–12 years should be advised in:

Persons with a genetic diagnosis of FAP
Persons with a risk of FAP in whom genetic test-

ing has not been performed and/or a mutation 
cannot be excluded

In patients with attenuated FAP, treatment 
should be based on age, the number of polyps, 
and the histopathological findings. Colonoscopy 
should be performed annually throughout the 
patient’s life if colectomy is not indicated. In per-
sons from a family with attenuated FAP, the first 
colonoscopy should be at age 15 years; if there 
are no findings, the next colonoscopy should be 
performed in 5 years. From age 20 years, colo-
noscopy is recommend annually.

Colonoscopy can reduce risk and mortality 
from colorectal cancer in families fulfilling the 
Amsterdam criteria for HNPCC. Genetic testing 
for HNPCC should be offered to first-degree rela-
tives of persons with a known inherited MMR 
gene mutation. Among persons with a genetic or 
clinical diagnosis of HNPCC, yearly or biennial 
colonoscopy should start at age 20–25 years or 
10 years earlier than the youngest age at diagno-
sis of colorectal cancer in the family.

In asymptomatic biallelic MUTYH mutation 
carriers, colonoscopy is recommended at age 
18–20 years. If there are no polyps these patients 
should undergo lifetime surveillance. In patients 
with MAP, colonoscopy should be performed 
annually.

History of Adenomatous Polyps (see Chap. 8.1)
In patients with a history of colorectal cancer, 

if synchronous neoplasm is excluded at the time 
of resection with curative intent, subsequent 
colonoscopy should be performed 2 and 5 years 
after surgery and every 5 years thereafter.

Colonoscopy with systematic four-quadrant 
biopsies at 10-cm intervals should be per-
formed in patients with inflammatory bowel 
disease/ulcerative colitis presenting as long-
standing pancolitis (>8  years) or left-sided 
inflammatory colitis (>15  years). If intraepi-
thelial neoplasia is detected and confirmed, 
colectomy is indicated. No general recommen-
dation can be given for patients with Crohn’s 
disease.

No randomized controlled trials have studied 
surveillance colonoscopy in patients with ulcer-
ative colitis or Crohn’s colitis. A meta-analysis of 
case-control studies showed a reduction in the 
risk of colorectal cancer mortality in patients 
with ulcerative colitis following a surveillance 
program.

25.5.3	 �Symptoms

The majority of patients present with alteration in 
bowel habit, frank rectal bleeding, or anemia as a 
result of occult bleeding. Symptoms such as 
intermittent abdominal pain, nausea, and vomit-
ing are often secondary to partial obstruction or 
peritoneal dissemination. Patients may occasion-
ally notice a palpable mass, which is more com-
mon in right-sided colon cancer.

Intestinal obstruction is most commonly 
associated with cancer of the sigmoid colon. 
This may lead to acute colonic perforation if the 
ileocecal valve is competent. If the valve is 
incompetent, presentation is less dramatic, with 
increasing constipation and abdominal disten-
sion noticed over many days, ending in a typical 
symptomatic ileus.

Perforation of colon cancer may be acute or 
chronic. It may occur at the site of the tumor or 
more proximal in the distended part of the colon. 
Perforation may extend into the retroperitoneum, 
bladder, or genital tract, with fistula formation.
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25.5.4	 �Diagnostic Strategies

Diagnosis is established by colonoscopy and 
biopsy. The precise location of the neoplasm 
must be documented and the base of any suspi-
cious polyp tattooed at the time of snare excision. 
Careful clinical examination for regional lym-
phatic and distant metastatic disease should be 
performed.

To exclude liver metastasis, ultrasonography 
or multislice computed tomography (CT) are 
the imaging techniques with highest sensitivity 
(63–86 % and 75–83 %, respectively) and best 
specificity (98 % and 98 %, respectively). CT 
has advantages in assigning metastases to ana-
tomic structures such as liver veins, hilar ves-
sels, and the caval vein, which is necessary to 
estimate resectability. However, magnetic reso-
nance imaging is the optimal tool to evaluate the 
extent of liver metastasis. To exclude synchro-
nous malignancies, the entire large bowel 
should be examined if the lumen is not 
obstructed. If colonoscopy is not possible or 
complementary information is required, virtual 
colonography (based on CT or magnetic reso-
nance tomography) or radiography with water-
soluble contrast (if there is a risk of perforation) 
is mandatory.

25.6	 �Differential Diagnosis

The most common differential diagnoses are:

Diverticular disease with stenosis or phlegmon
Inflammatory bowel disease
Colonic ischemia
Infection
Other malignancies

25.7	 �Staging

Clinical staging aims to determine the local and 
distant extent of the disease according to the 
clinical TNM system (see Chap. 23). Staging 
requires local assessment of the tumor and 

screening for metastatic disease. The clinical 
classification, cTNM, is the basis for clinical 
decision making and determines the therapeutic 
algorithm.

25.7.1	 �Clinical Staging

History, including family history (Amsterdam 
and Bethesda criteria)

Physical examination

25.7.2	 �Investigations

•	 Colonoscopy
•	 Chest radiography
•	 CT of the abdomen and pelvis
•	 Positron emission tomography, which is indi-

cated in the following scenarios:
–– Candidates for resection of isolated 

colorectal cancer metastases to prevent 
unnecessary laparotomy

–– Restaging of possible local recurrence or 
metastatic disease

25.7.3	 �Laboratory Testing

Elevated levels of serum carcinoembryonic anti-
gen (CEA) that do not normalize after surgical 
resection imply persistent disease and the need 
for further evaluation. A postoperative increase 
in CEA during follow-up indicates a potential 
recurrence. A liver chemistry panel should also 
be performed.

25.8	 �Treatment

Primary treatment for colon cancer is surgical 
resection of the primary tumor and lymph nodes. 
Open and laparoscopic approaches are equally 
safe in experienced hands. The term curative 
resection (R0) should be used when there is his-
tological confirmation of complete excision with-
out residual tumor.

T.H.K. Schiedeck and K.E. Matzel

http://dx.doi.org/10.1007/978-3-662-53210-2_23


295

25.8.1	 �Curative Intent

25.8.1.1	 �Operative Intervention
Any operative intervention should start with 
intraoperative staging by inspection and palpa-
tion of the liver. As long as a sufficient preopera-
tive diagnostic test (magnetic resonance imaging, 
CT) is performed, intraoperatively only subsero-
sal metastases (>2  mm) may additionally be 
detected (by palpation and inspection). In addi-
tion, intraoperative liver sonography provides 
high sensitivity and has a very high positive pre-
dictive value (−100 %).

Operative intervention aims to achieve a cura-
tive resection. If adjacent organs are involved, en 
bloc resection is indicated. In colon cancer 
(unlike rectal cancer), the need for a radical 
approach has not been proved in prospective ran-
domized trials. However, based on histopatho-
logical results, prospective observational studies, 
and theoretical concepts, surgeons performing 
colon cancer resections should adhere to the fol-
lowing principles of radicality:

A 2-cm safety margin is sufficient with regard to 
microscopic tumor spread but insufficient for 
lymphatic spread (as regional lymph drainage 
exceeds this distance).

Lymph node metastases travel along the vascular 
supply, primarily with the paracolic supply, up to 
10 cm from the macroscopic edge of the primary 
tumor. Thus at least 10 cm of the colon should be 
removed if vascular division is radicular.

The extent of resection is determined by the vas-
cular supply and the consequently defined 
area of lymphatic drainage. In principle, if the 
tumor is located between two major vessels, 
both should be divided centrally (Figs. 25.1, 
25.2, 25.3, 25.4, and 25.5).

Complete mesocolic excision in patients with 
colon cancer improved overall survival and 
progression-free survival in some cohort stud-
ies. This complex surgical procedure provides 
more radicality but may be connected with 
higher morbidity. It should performed only by 
excellent trained surgeons with expertise in 
colon surgery.

Special Considerations
When patients present with multiple colon 
cancers, total colectomy is not mandatory, in prin-
ciple. The extent of the resection should follow 
the principles of radicality, as described earlier. 

Fig. 25.1  Cancer: ascending colon. Right-sided hemico-
lectomy with central ligation of the ileocolic artery and 
the right colonic artery

Fig. 25.2  Cancer: hepatic flexure. Extended right hemi-
colectomy with central ligation of the ileocolic, right 
colonic, and middle colic arteries
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However, many advocate subtotal colectomy and 
ileorectal anastomosis.

Synchronous distant metastases can be 
resected at the same time as the primary tumor or 
later. Simultaneous liver resection may be con-
nected with high mortality rate in patients aged 
>70 years. Multiple synchronous liver metastases 

should be treated using a two-stage concept. In 
synchronous metastasis with an asymptomatic 
primary tumor, whether to go for the liver first 
with or without neoadjuvant chemotherapy 
should be discussed.

In emergencies, a radical procedure should 
be performed, if possible. In the case of obstruc-
tion, intraluminal stenting can be used for bridg-
ing in select cases. If perforation is excluded, 
obstruction can be considered urgent, not emer-
gent, unless the ileocecal valve is competent and 
the cecum is at risk of perforation. In the major-
ity of cases with obstruction, the disease is at an 
advanced stage and neoadjuvant treatment is 
indicated. For that reason, a diverting stoma 
may a good option in cases without 
perforation.

When cancer occurs in patients with FAP, a 
radical procedure should be attempted via restor-
ative proctocolectomy. If complete resection 
(R0) is not achievable, limited procedures can be 
considered. In cases with insufficient anal 
sphincter, stoma creation can be suggested. 
Lifelong surveillance is mandatory if a subtotal 
colectomy with ileorectal anastomosis is feasi-
ble. The patient must be counseled accordingly. 
Subtotal colectomy with ileorectal anastomosis 

Fig. 25.3  Cancer: transverse colon. Transverse colon 
resection with central ligation of the middle and left 
colonic arteries

Fig. 25.4  Cancer: splenic flexure. Extended left hemico-
lectomy with central ligation of middle colic and inferior 
mesenteric arteries

Fig. 25.5  Cancer: sigmoid. Sigmoid resection with cen-
tral ligation of the inferior mesenteric artery
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is acceptable for cancer in patients with attenu-
ated FAP with limited manifestation in the 
rectum.

For patients with HNPCC with cancer, onco-
logical resection may be performed as in sporadic 
colonic cancer; however, prophylactic subtotal 
colectomy may be considered in patients known 
to have a genetic mutation.

Restorative proctocolectomy is indicated if 
anal sphincter function is adequate for cancer in 
patients with ulcerative colitis.

Local/Limited Procedures
A local procedure for colon cancer should be 
considered oncologically adequate only if, after 
complete full-thickness resection (R0), tumor 
stage is confined to pT1, grade is good or 
moderate (G1–2), no lymphatic (L0) or vascular 
invasion (V0) has occurred, and the tumor diam-
eter is less than 3 cm.

25.8.1.2	 �Postoperative 
Histopathological Evaluation/
Histopathological Reporting

To ensure correct histopathological classifica-
tion, the following information must be answered 
in the report:

Location of the primary tumor
Type of tumor
Level of invasion (pT)
Tumor grading (G)
Status of local lymph nodes (pN)
Number of examined lymph nodes (≥12 are 

recommended)
Number of lymph nodes with tumor 

involvement
Distance of resection margins
Completeness of tumor removal (R)
Invasion of lymphatic and vascular vessels (L, V)
MSI (in HNPCC)

25.8.2	 �Adjuvant Treatment

The prerequisite for adjuvant therapy is complete 
removal of the primary tumor (local R0). The 
indication is based on histopathological staging, 

especially nodal status (pN), determined by the 
examination of at least 12 lymph nodes. Positive 
immunocytological detection of isolated tumor 
cells and/or positive cytological findings from 
peritoneal lavage are not considered indications. 
Arguments for adjuvant therapy in addition to 
tumor classification are special intraoperative 
risk factors such as T4 stadium, tumor perfora-
tion, fewer than 12 nodes examined, and/or an 
emergency situation.

25.8.2.1	 �Contraindication for Adjuvant 
Therapy in Colon Cancer

All items are primary contraindications for adju-
vant treatment. Incomplete removal is explicitly 
mentionened because this situation may be 
improved by additional surgery.

Union for International Cancer Control 
(UICC) stage I

Poor performance status
Liver cirrhosis (Child-Pugh score of B or C)
Cardiac insufficiency (New York Heart 

Association heart failure classes III or IV)
Preterminal and terminal renal failure
Reduced bone marrow function
Inability to participate in follow-up

25.8.2.2	 �UICC stage II (relative 
contraindication)

In special risk situations (see Sect. 25.8.2.1), 
adjuvant treatment in UICC stage II disease may 
be discussed, but based on available data, adju-
vant therapy should not be recommended in gen-
eral for patients with UICC stage II disease. If 
chemotherapy is given, it should be administered 
only within controlled studies.

Good general health status provided a patient 
age older than 70 years is not a contraindication 
for adjuvant treatment.

25.8.2.3	 �Neoadjuvant Treatment
Neoadjuvant chemotherapy, radiotherapy, and 
radiochemotherapy are not generally indicated in 
colon cancer. In nonobstructing tumors with dis-
tant metastases, neoadjuvant treatment may be an 
option to control the disease before resection. 
Moreover, it should be discussed whether the first 
treatment (resection) of (liver) metastases is 
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advisable; however, this should be performed 
only when following controlled study protocols.

Adjuvant Treatment Protocols
Adjuvant chemotherapy is advised for patients 
with stage III colon cancer (R0). Several random-
ized clinical trials demonstrated a significant 
reduction in recurrence and improved overall sur-
vival after 5-fluorouracil (5-FU)– and folinic 
acid–based adjuvant therapy. In the meantime, 
other studies demonstrated that a 5-FU/folinic 
acid and oxaliplatin regimen significantly 
improves disease-free survival.

In patients with contraindications to oxalipla-
tin, fluoropyrimidine monotherapy is advocated. 
Oral administration is recommended. Because of 
its high toxicity, bolus administration should not 
be used.

Adjuvant chemotherapy is not indicated for 
patients with stage II colon cancer (R0). As men-
tioned earlier, in a setting implying increased risk 
of recurrence it may be considered, but then 
should be used only within controlled studies.

Several chemotherapy regimens are com-
monly used:

Leucovorin- 5 Flurouracil + oxaliplatin (MOSAIC 
trial): 200 mg/m2 folinic acid (2-h infusion on 
days 1 and 2), plus 5-FU (400  mg/m2 bolus 
followed by 600 mg/m2 [22-h infusion on days 
1 and 2), plus 85 mg/m2 oxaliplatin (2 h on day 
1); 1 cycle every 2  weeks, for a total of 12 
cycles.

5-FU/folinic acid regimen: 500  mg/m2 folinic 
acid (1- to 2-h infusion), plus 2,600  mg/m2 
5-FU (24-h infusion) once a week for 6 weeks 
(days 1, 8, 15, 22, 29, and 36). A second cycle 
should start at week 8; a total of two cycles is 
recommended.

Mayo regimen: 20  mg/m2 folinic acid (intrave-
nous), plus 425  mg/m2 5-FU (intravenously 
for <5 min) on days 1–5 in weeks 1, ,4 and 8; 
three additional cycles occur at 5-week inter-
vals thereafter.

Oral 5-FU prodrug regimen: capecitabine 
1250  mg/m2 twice daily on days 1–14; 
repeated every 3 weeks for eight cycles.

Toxicity
Typical side effects of chemotherapy are neurop-

athy (oxaliplatin) and neutropenia, diarrhea, 
and alopecia (irinotecan).

25.8.3	 �Palliative Treatment

Depending on the patient’s situation, various 
modes are used for palliative treatment (e.g., sur-
gery, endoscopic interventions, radiotherapy, che-
motherapy, and interventional radiology). Surgery 
should be attempted even with only palliative 
intent to minimize the risk of complications from 
the primary tumor, such as stenosis, bleeding, and 
tumor infiltration of adjacent organs. In a French 
randomized, multicenter trial, a risk reduction of 
58 % in overall survival was shown for resected 
compared with nonresected patients.

If resection of the primary tumor is not indi-
cated, bowel passage can be reestablished by 
local treatment, bypass procedures, or stoma cre-
ation. If the tumor is not resectable, therapeutic 
options depend on the patient’s general status and 
comorbidity. Strategies include:

•	 Turn unresectability into resectability (espe-
cially in liver/lung metastases)

•	 Prolong progression-free survival
•	 Provide the best supportive care

Several combinations of chemotherapy with 
palliative are advocated, depending on the 
patient’s general condition and tumor character-
istics (e.g., a KRAS mutation). The following 
regimens are used: 5-FU/folinic acid/irinotecan 
infusions and 5-FU/folinic acid/irinotecan/
oxaliplatin infusion. In patients with comorbidi-
ties or contraindications for oxaliplatin or irino-
tecan, less toxic regimens with capecitabine or 
uracil/tegafur (5-FU prodrug) are good 
alternatives.

Various regimens of 5-FU with irinotecan and/
or oxaliplatin are used as second- and third-line 
treatments. Depending on KRAS status, they are 
usually combined with antibodies against the vas-
cular endothelial growth receptor or epidermal 
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growth factor receptor (bevacizumab, cetuximab, 
panitumumab).

25.8.4	 �Special Considerations: 
Metastases and Local 
Recurrence

Patients with resectable metastases of the liver or 
lung should undergo primary resection. Positron 
emission tomography/CT is advocated, as dis-
ease is subsequently upstaged in 30 % of 
patients. Patients presenting with liver metasta-
ses that are not amenable to radical resection 
should be treated with systemic chemotherapy. 
Resectability must be evaluated by a surgeon 
with expertise in liver surgery. Surgical resection 
is superior to interventional procedures and 
therefore the method of choice. The role of all 
interventional procedures has not been proven 
yet. Radiofrequency ablation is an option in all 
patients who do not qualify for surgical resec-
tion (unresectability, poor general condition, 
recurrence following liver surgery). Selective 
internal radiation therapy may be used in dis-
seminated liver metastases without other therapy 
options. Laser-induced interstitial thermother-
apy should be evaluated in studies only.

Isolated bone metastases with pain should be 
treated with local radiation. A single, high-
dose application seems to be equivalent to 
fractioned radiation.

In local recurrence, the reintervention aims for 
radicality. If an R0 resection is not achievable, 
reintervention aims to relieve symptoms and 
avoid complications such as stenosis, bleed-
ing, obstruction, and ileus.

In patients with limited peritoneal carcinosis, 
cytoreductive surgery followed by hyperther-
mic intraperitoneal chemotherapy is an option. 
Treatment should be administered within a 
study protocol or at least a register. The fol-
lowing criteria should be fulfilled:
•	 Preoperative Peritoneal Carcinosis Index <20
•	 No extra-abdominal metastases
•	 Resection must achieve R0 or R1 status
•	 Treatment in a specialized center

25.8.5	 �Current Treatment 
Recommendations

•	 The mainstay of therapy is surgery with cura-
tive intent, in particular colon resection with 
lymphadenectomy (guided by vascular 
supply).

•	 Histopathological evaluation should include 
at least 12 lymph nodes.

•	 Adjuvant chemotherapy is indicated in UICC 
stage III disease.

•	 Surgery is the treatment of choice for resect-
able distant metastases.

25.9	 �Follow-Up

The follow-up regimen should be adapted to the 
tumor stage. In UICC stage I disease after R0 
resection, the risk of recurrence is low. 
Colonoscopy in years 2 and 5 can detect second-
ary tumors early. The regimen should be modi-
fied in cases of increased risk of recurrence (e.g., 
G3/4, L+, V+, tumor perforation) and should 
include regular follow-up with CEA levels mea-
sured every 6 months (up to year 5), ultrasound 
or CT of the abdomen and pelvis every 6 months 
for 2 years, and chest radiography every year.

In patients with HNPCC after hemicolectomy, 
colonoscopy is indicated every year if adenomas 
were present; after subtotal colectomy, sigmoid-
oscopy is advised every second year. In patients 
after colectomy with ileal pouch–anal recon-
struction, pouchoscopy is indicated yearly and 
duodenogastroscopy every 3  years (annually in 
patients with adenomas).
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Rectal Cancer

Christian Buchli and Anna Martling

26.1	 �Epidemiology/Etiology

Colorectal cancer (CRC) accounts for approxi-
mately 10 % of the total cancer burden; it is the 
second most common cancer in women and the 
third most common cancer in men. The age-
standardized incidence rates of CRC vary tenfold 
across the world, with the highest estimated rates 
in Australia/New Zealand and the lowest rates in 
Western Africa. In Europe, the age-standardized 
incidence rates were 59 and 36 per 100,000 men 
and women, respectively, in 2012. One-third of 
all CRCs are situated in the rectum, the most dis-
tal part of the large bowel extending 15 cm from 
the anal verge. Rectal cancer itself is therefore 
the seventh most common cancer in the world.

26.1.1	 �Age, Family, and Personal 
History

About 20–25 % of patients with CRC have a pos-
itive family history; however, specific inherited 
cancer predisposition syndromes account for 
approximately 5 % of CRC. The lifetime risk of 

CRC in patients with Lynch syndrome, an 
autosomal-dominant condition defined by a 
germ-line mutation in a DNA mismatch repair 
gene, is 43 % for women and 66 % for men. 
Familial adenomatous polyposis (FAP), charac-
terized by an autosomal-dominant germ-line 
mutation of the adenomatous polyposis coli 
(APC) gene, has almost 100 % penetrance; how-
ever, one-third of patients with FAP do not belong 
to identified families and represent de novo muta-
tions or mosaicism. Affected individuals develop 
hundreds to thousands of adenomas in the colon 
and rectum early in life, and the lifetime risk of 
CRC approaches 100 % by age 40 years. 
Attenuated FAP is also a dominantly inherited 
mutation of the APC gene but presents with fewer 
than 100 polyps, and about 70 % of the mutation 
carriers develop CRC at an average age between 
54 and 58 years. Recessively inherited mutations 
of the MUTYH gene, involved in the repair of 
oxidative DNA damage, can result in MUTYH-
associated polyposis; CRC occurs in 19 % of 
these patients by the age of 50 years and in 43 % 
by age 60.

The risk of CRC in inflammatory bowel dis-
ease is debated. Severe, long-standing colitis and 
primary sclerosing cholangitis seem to be of 
importance. Young age at diagnosis, male sex and 
extensive disease are risk factors. The cumulative 
probability of CRC is considerably lower than 
previously reported cancer risk of 2 % after 
10  years, 8 % after 20  years, and 18 % after 

C. Buchli, MD, PhD (*) • A. Martling, MD, PhD 
Department of Molecular Medicine and Surgery, 
Karolinska Institutet, and Center of Digestive 
Diseases, Karolinska University Hospital, Stockholm 
SE-171 76, Sweden
e-mail: christian.buchli@karolinska.se;  
anna.martling@ki.se

26

mailto:christian.buchli@karolinska.se
mailto:anna.martling@ki.se
mailto:anna.martling@ki.se


304

30  years. The standardized incidence ratio for 
CRC risk in patients with Crohn’s disease seems 
even smaller.

26.1.2	 �Behavioral Factors (Diet, 
Tobacco, Alcohol, and Physical 
Activity)

Dietary factors and obesity are suspected to be 
responsible for 20 % of all cancers worldwide. A 
Mediterranean diet has a protective effect against 
cancer development, whereas a daily intake of 
100 g red meat or 50 g processed meat results in 
a relative risk of around 1.25. The effect of 
tobacco use on CRC risk is inconsistent; how-
ever, excess alcohol consumption is associated 
with an increased risk of death from CRC. There 
may be a protective effect of physical activity on 
risk for colon cancer, but there seems to be no 
effect on the risk for rectal cancer. In observa-
tional studies, acetylsalicylic acid (ASA), a 
cyclooxygenase-2 inhibitor, seems to reduce the 
risk of CRC. The potential effects of ASA in the 
prevention and therapy of CRC and their under-
lying mechanisms are currently the subject of 
clinical trials.

26.2	 �Milestones to Modern 
Treatment of Rectal Cancer

26.2.1	 �Total Mesorectal Excision

Total mesorectal excision (TME), the technique 
of sharp dissection of the mesorectum under 
direct vision along embryological planes 
(Fig.  26.1), was popularized in the 1980s. It 
resulted in adequate cancer clearance and fewer 
adverse events caused by autonomic nerve 
injury. The original publication reported a fre-
quency of local recurrence of 3.7 % without the 
use of (chemo)radiation at a time when less 
precise dissection was associated with local 
recurrence rates of 20–30 %. Involvement of 
the circumferential margin (CRM), defined as 
cancer cells identified within 1  mm from the 

radial margin of the specimen, proved to be an 
important predictor of local recurrence and sur-
vival. The TME concept, characterized by 
accurate preoperative staging, precise surgery, 
and systematic pathologic assessment of the 
resected specimen, has resulted in standardized 
rectal cancer treatment with a positive impact 
on patient outcomes regarding local recurrence, 
cancer-specific mortality, and permanent stoma 
formation.

26.2.2	 �Radiotherapy

Around the time the TME technique was intro-
duced, several randomized trials explored the 
effect of radiotherapy (RT) on local recurrence to 
define the optimal biologically effective dose, 
fractionation, and time point (before or after sur-
gery) for RT in rectal cancer. In these trials with-
out TME surgery, RT reduced the frequency of 
local recurrence by half, from around 25 % to 
11–14 %. An equivalent benefit was also observed 
in trials combining RT and TME. RT reduces the 
relative risk of local recurrence by 50–70 %, and 
RT combined with the correct plane of surgery 
almost abolishes the risk of local recurrence. RT 
for rectal cancer is best given before surgery. The 
effects on tumor downsizing, local recurrence 
rate, and survival are similar for the highly 

Line of excision
includes mesorectum

Fig. 26.1  Plane of excision in total mesorectal excision
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fractionated schedule with 5 Gy × 5 (short-course 
RT) and the conventionally fractionated schedule 
with 1.8–2  Gy × 25–28, often combined with 
concomitant chemotherapy. The addition of che-
motherapy to preoperative RT enhances local 
control, but a significant survival gain has only 
been observed in locally advanced cancers.

26.2.3	 �Revised Abdominoperineal 
Excision

Observational studies and clinical trials have 
shown superior oncologic outcomes of anterior 
resection with TME compared with abdomino-
perineal excision (APE), which was associated 
with a higher risk for positive CRM, intraopera-
tive perforation, and an inadequate plane of 
resection. The concept of extralevator APE was 
introduced to improve the outcome in low, 
locally advanced rectal cancer. The abdominal 
part of the procedure is carried out in the TME 
plane, but the mesorectum is not dissected off 
the levator muscles. The patient is then turned 
into a prone position to complete the perineal 
excision by resecting the anus, the lower rec-
tum, and the levator muscles en bloc. This tech-
nique results in a cylindrical specimen, which 
avoids the characteristic “waist” at the anorec-
tal junction of specimens after conventional 
APE (Fig. 26.2).

26.2.4	 �Extensive Surgery for Locally 
Advanced or Recurrent Rectal 
Cancer

Uncontrolled pelvic tumor growth has a disas-
trous impact on a patient’s life, and median sur-
vival for locally recurrent rectal cancer treated 
with supportive care is limited to only a few 
months. Extensive surgery including multivis-
ceral resection (pelvic exenteration), sacral resec-
tion, and hemipelvectomy procedures is used to 
achieve tumor clearance in advanced or recurrent 
rectal cancer. Radical resection with negative 
resection margins (R0) is a strong predictor of 

outcome in this group, and 5-year survival 
reached 50 % in selected series. The Beyond 
TME Collaborative published a consensus state-
ment for staging and treatment of this group of 
patients with complex presentation of rectal can-
cer diseases.

26.2.5	 �Organ Preservation

The first results of a wait-and-see policy in 
patients with low rectal cancer without detectable 
cancer growth (complete clinical response) after 
chemoradiotherapy were published in 2004. 
Several pilot studies confirmed that standard rec-
tal resection did not enhance survival in these 
select patients. The evidence regarding patient 
selection, use of (chemo-)RT in early cancers 
(T2), response assessment and follow-up is lim-
ited and currently restricts the general application 
of this treatment option. Patients so treated 
should be entered into a registry such as the 
International Watch & Wait database (www.
iwwd.org)

26.2.6	 �Chemotherapy

Chemotherapy is the weakest treatment modal-
ity for rectal cancer and is based on 5-fluoro-
uracil, described in 1957, or capecitabine, an 
oral prodrug of 5-fluorouracil. Newer drugs, 
such as oxaliplatin or irinotecan, and a grow-
ing number of biological agents have been 
shown to improve survival in patients with sys-
temic disease. The value of adjuvant chemo-
therapy for stage III or perceived-high-risk 
stage II disease, advised by many oncologists 
in analogy to colon cancer treatment, is 
unproven; however, about 20–25 % of these 
patients develop systemic disease despite local 
control in the pelvis. Postoperative chemother-
apy in patients treated with preoperative 
(chemo-)RT is not based on strong evidence. 
Current trials are investigating the effect of 
preoperative RT and  full-dose preoperative 
chemotherapy.
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Fig. 26.2  Plane of resection in intersphincteric, extralevator, and ischioanal abdominoperineal excisions. Blue line = 
abdominal part, Red line = perineal part
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26.3	 �Modern Rectal Cancer 
Treatment and Care

26.3.1	 �Clinical Presentation

The most common clinical signs of rectal cancer 
are rectal bleeding, altered bowel habit, and 
tenesmus; however, symptoms are often non-
specific early in the course of disease. 
Constipation and large-bowel obstruction are 
uncommon below the rectosigmoid junction 
because of the larger diameter of the rectum 
compared with the (left) colon. The clinical 
symptoms listed here are often reported at the 
time of diagnosis:

•	 Hematochezia (rectal bleeding)
•	 Mucous discharge
•	 Change in stool caliber, tenesmus, urgency, 

painful or incomplete defecation
•	 Abdominal/pelvic pain
•	 Anemia, fatigue, unexplained weight loss
•	 Symptoms of overgrowth to urogenital organs 

or the lumbosacral plexus

Patients with such complaints should undergo 
proctologic evaluation with digital rectal exami-
nation and rectoscopy. Patients with persistent 
hematochezia and normal proctologic examina-
tion, persistent hematochezia after treatment of 
protologic conditions, two or more of the above 
symptoms of rectal cancer, or a family history 
of CRC should have full endoscopic 
evaluation.

26.3.2	 �Workup of Rectal Lesions

Workup of rectal lesions includes three steps  – 
“name it, stage it, treat it” – and should provide 
morphological verification and classification 
according to the American Joint Committee on 
Cancer’s TNM-based criteria:

•	 Medical history, physical examination, and 
venous blood sample (blood count, liver and 
renal function, carcinoembryonic antigen)

•	 Proctologic evaluation with digital rectal 
examination, rectoscopy, and biopsy to assess 
anal sphincter function, distance between the 
anal verge and the distal extent of the lesion, 
mobility against adjacent pelvic structures, 
and morphological verification

•	 Complete colonoscopy to exclude synchro-
nous lesions

•	 Computed tomography of chest and abdomen 
to assess lymph nodes, liver, and lungs

•	 Magnetic resonance imaging (MRI) of the 
pelvis to assess tumor growth in relation to the 
mesorectal fascia, nodal disease in and out-
side the mesorectum, extramural vascular 
invasion, and invasion of other pelvic struc-
tures/organs

•	 Endoanal ultrasound may be useful to assess 
the depth of invasion in stage 1 tumors

Correct sequencing and timing of multimodal 
treatment of rectal cancer is essential and is the 
reason for multidisciplinary team discussion 
between colorectal surgeons, radiologists, pathol-
ogists, oncologists, and specialized nurses. Liver 
and thoracic surgeons are involved in cases of sus-
pected systemic disease, which may be identified 
in up to 20 % of patients during primary workup.

26.3.3	 �Tailored Treatment of Primary 
Rectal Cancer (Localized or 
Regional Disease)

26.3.3.1	 �Preoperative Treatment
Curative treatment for primary rectal cancer 
should aim for a risk of residual disease in the 
pelvis less than 5 % and a specimen with >1 mm 
of CRM in resected patients. The expected 
gains of additional treatments such as RT, che-
motherapy, and more extensive surgery should 
be balanced against the increased morbidity 
(Table 26.1).

26.3.3.2	 �Bowel Preparation
A Cochrane review from 2011 found no advan-
tage for mechanical bowel preparation regarding 
anastomotic leakage or surgical site infections in 
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colorectal surgery. By contrast, the only random-
ized controlled trial related to rectal cancer sur-
gery found an advantage of mechanical bowel 
preparation regarding infectious morbidity and a 
trend toward decreased anastomotic leakage. 
Three large cohort studies from the United States 
published in 2015 showed a marked reduction in 
surgical site infections and anastomotic leaks if 
mechanical bowel preparation was combined 
with preoperative oral antibiotics in patients with 
colonic and rectal resections. These results sug-
gest that a combination of preoperative oral anti-
biotics and mechanical bowel preparation should 
be used for patients without an imminent risk for 
bowel obstruction.

26.3.3.3	 �Local Excision
Local excision of rectal lesions includes a local-
ized, full-thickness resection of the rectal wall to 
obtain a specimen that allows differentiation 
between T1 and T2 cancers. Transanal endoscopic 
microsurgery and transanal minimally invasive 
surgery (are preferred over transanal excision 
because of the decreased risk for incomplete resec-
tion. Local excision is applicable in early rectal 
cancer limited to the mucosa and less than 3 cm in 
diameter without evidence for nodal disease and 
extramural venous invasion on MRI. The presence 

of adverse pathological features such as involved 
margin, level 3 submucosal invasion, lymphovas-
cular/perineural invasion, or mucinous/signet cell 
components should prompt salvage rectal resec-
tion after wound healing. The risk of nodal 
involvement is 0–12 %, and the proportion with 
local recurrence at 5 years is 0–24 % for T1 can-
cers, which has implications for the follow-up of 
these patients.

26.3.3.4	 �Standardized Procedures 
for Rectal Resection

The two standardized surgical procedures for the 
resection of rectal cancers are low anterior resec-
tion and abdominoperineal excision. Many 
colorectal surgeons and patients regard preserva-
tion of bowel continuity while saving the anal 
sphincter as a marker of the quality of surgery for 
rectal cancer. Patients without a history of fecal 
incontinence or signs of anal sphincter dysfunc-
tion may be evaluated for low anterior resection 
(Table 26.2).

26.3.3.5	 �Low Anterior Resection
The usual approach for low anterior resection 
with TME is a midline incision. The latest review 
from the Cochrane Database 2014 and the 
COLOR II trial concluded that laparoscopic and 

Table 26.1  Tailored treatment for primary rectal cancer stage I–III

Risk group Height Clinical tumor and nodal stage Treatment

Very early Any T1 sm1(−2?) N− Local excision
Complete with resection (or CRT) if sm 
≥2, high grade, or vascular invasion

Early (“good”) Upper T3a/b N+, mrf−, EMVI− Standard resection
Middle T3a/b N−, mrf−, EMVI− Complete with Cx or CRT if CRM+ or 

pN2Low T1-2 N−, mrf−, EMVI−
Intermediate (“bad”) Upper T3 N+, mrf−, EMVI+ Preoperative RT/CRT and standard 

resectionLimited T4a N−
Middle T3 N+, mrf−, EMVI+

Limited T4a N−
Low T2 mrf−

Advanced (“ugly”) Any T3 mrf+, T4, lateral nodes+ Preoperative CRT and extended 
resection; alternatively, preoperative RT 
and delayed extended resection if Cx 
not tolerated

According to Glimelius et al. [7]
T tumor stage, N nodal stage, sm submucosal level of invasion, mrf mesorectal fascia, EMVI extramural vascular inva-
sion, CRM circumferential margin, preop preoperative, RT radiotherapy, CRT, chemoradiotherapy, Cx chemotherapy
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open TME have comparable oncological 
outcomes and advantages regarding length of 
hospital stay, wound infections, and bleeding 
complications after laparoscopic TME.  These 
findings are challenged by two recently published 
randomized trials (ALaCaRT and ACOSOG 
Z6051) that did not demonstrate noninferiority of 
laparoscopic surgery compared with open sur-
gery regarding adequate surgical resection and 
concluded that the findings do not provide suffi-
cient evidence for the routine use of laparoscopic 
surgery. Robotic surgery with enhanced visibility 
and instrument motion could be of value during 
pelvic dissection, whereas transanal TME is a 
new, minimally invasive technique with a bot-
tom-up approach to decrease the difficulties 
encountered in patients with a narrow pelvis and 
bulky mesorectum.

The colonic J-pouch–anal anastomosis results 
in a better functional outcome compared with a 
straight coloanal anastomosis but is not better 
than a side-to-end anastomosis. A defunctioning 
stoma, usually a loop ileostomy, decreases the 
risk of symptomatic anastomotic leakage and 
urgent reoperations.

Anastomotic leakage and pelvic abscesses 
occur in 11 and 12 % of colorectal anastomoses, 
respectively. Any deviation from expected post-
operative recovery should arouse suspicion of 
anastomotic leakage, as postoperative morbidity 

and mortality increase dramatically in these 
patients if diagnosis is delayed. Even a minor 
leak increases the risk of further adverse events 
and prolongs hospital stay (Table 26.3). 
Immediate evaluation by CT with rectal contrast 
confirms an anastomotic leak and can detect pel-
vic abscesses, a consequence of leakage. Size of 
the leak, the patient’s general condition, and the 
systemic inflammatory response guide the choice 
of interventions, which can be careful observa-
tion, antibiotics, percutaneous/transanal drainage 
or reoperation.

26.3.3.6	 �Difficulties in Low Rectal 
Cancer

Low rectal cancers are at increased risk of infil-
trating adjacent organs as the mesorectum is nar-
row anteriorly and decreases posteriorly towards 
the anorectal junction, at which point no residual 
mesentery is left. At this level, cancer that 
extends through the muscularis propria effec-
tively infiltrates the pelvic floor or vagina/pros-
tate and should be considered stage T4. 
Discrimination between invasive cancer and 
fibrosis, particularly after preoperative (chemo-)
RT, is difficult because residual islands of viable 
tumor tissue can be found in about 50 % of 
patients. Tumor extension into the levator ani 

Table 26.2  Tailored surgical treatment for primary rec-
tal cancer

Tumor height Procedure

Anal function intact
 � High (11–15 cm) Anterior resection with TME

PME for tumors at the 
rectosigmoidal junction

 � Middle (6–10 cm) Anterior resection with TME
 � Low (0–5 cm) Extralevator APE

Anterior resection with TME 
plus intersphincteric 
dissection in select patients

Anal function impaired
 � High (11–15 cm) Intersphincteric APE
 � Middle (6–10 cm) Intersphincteric APE
 � Low (0–5 cm) Extralevator APE

APE abdominoperineal excision, PME partial mesorectal 
excision, TME total mesorectal excision

Table 26.3  Risk factors for anastomotic leakage

Preoperative Male sex
ASA score >2
Renal disease
Comorbidity
Preoperative radiotherapy

Tumor-related Distal tumor site
Tumor size >3 cm
Advanced tumor stage
Systemic disease

Adjustable Tobacco use
Obesity
Poor nutrition
Alcohol excess
Immunosuppressants
Bevacizumab

Intraoperative Blood loss/transfusion
Operating time >4 h

Data according to McDermott et al. [11]
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muscle (pelvic floor) or anal sphincter precludes 
salvage and is an indication for an extralevator 
APE.  In carefully selected patients with strong 
desire to avoid a permanent stoma, it may be 
appropriate to perform intersphincteric dissec-
tion with hand-sewn coloanal anastomosis and 
thus extend the TME plane of dissection distally 
between the internal and external anal 
sphincters.

26.3.3.7	 �Extralevator 
Abdominoperineal Excision

Extralevator APE results in significant tissue 
defects in the pelvis and perineum, which carry 
the risk of bowel herniation and small-bowel 
obstruction. Wound healing may be problematic, 
and displacement of vagina/ uterus can result in 
dyspareunia. Primary closure of the levator hia-
tus and perineal wound, especially following pre-
operative RT, is not recommended. Omental flaps 
can be used to fill the pelvic cavity, and a biologi-
cal mesh or a myocutaneous flap may be used to 
reconstruct the pelvic floor.

26.3.3.8	 �Hartmann Procedure
The Hartmann procedure, total or partial meso-
rectal excision with permanent colostomy, is con-
sidered a less invasive surgical option in frail 
patients who might not tolerate an anastomotic 
complication or in those with preoperative fecal 
incontinence. However, the residual rectal stump 
may itself be the cause of increased postoperative 
morbidity, and a short rectal stump is associated 
with an increased risk of pelvic sepsis compared 
with APE. Surveillance of a long stump can be 
difficult, and many patients develop incontinence 
as a result of continued mucous secretion.

26.3.3.9	 �Pelvic Lymph Nodes 
Outside the Mesorectum

In Western countries, lateral node metastases 
along the internal iliac vessels are classified as 
N2 disease and along the external iliac vessels as 
systemic diseases (M1). In Japan, these metasta-
ses are regarded as regional disease, removed by 
lateral lymph node dissection, and treated with 
postoperative chemotherapy. A Japanese trial 
comparing TME versus TME with lateral node 

dissection in middle and low rectal cancers with-
out radiological enlargement of lateral nodes 
reported that 7 % of patients in the lateral dissec-
tion group had pelvic lymph node metastasis. 
Unselected extended lymphadenectomy did not 
enhance survival but increased sexual and urinary 
dysfunction, according to a meta-analysis from 
2009. Chemoradiotherapy in combination with 
selected lateral lymphadenectomy might be an 
option in the absence of studies comparing the 
benefit of chemoradiotherapy versus lateral 
dissection.

26.4	 �Oncologic Outcomes

Time trends of oncologic outcomes based on over 
20,000 patients are summarized in Table 26.4.

The 3-year cancer-specific survival is 84.8 % 
for patients with local or regional disease diag-
nosed between 2007 and 2014. About 20 % of 
these patients will develop systemic disease dur-
ing the 5 years after treatment with curative intent. 
The median survival for patients with systemic 
disease is 13.4  months (range, 7–23.2  months) 
(Fig. 26.3).

The rate of 5-year local recurrence of T1–T3 
tumors treated between 2005 and 2009 is 4.2 % in 
patients treated with preoperative RT and 4.9 % 
in patients treated with surgery alone. For T4 

Table 26.4  Time trends in oncologic outcomes for rectal 
cancer treatment

Proportion with outcome, 
by time period

1995–2000 2007–2012

Not resected 15.3 % 25.8 %
Any preoperative 
radiotherapy

49.5 % 66.5 %

Anterior resection in low 
tumors (0–6 cm from the 
anal verge)

19.6 % 10.9 %

Outcome for all resected patients
 � 90-Day mortality 4.7 % 2.9 %
 � 3-Year local recurrence 7.7 % 4.9 %
 � 5-Year local recurrence 8.7 % 5.0 %
 � Overall 3-year survival 65.4 % 75.8 %
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tumors, 5-year local recurrence is 9.3 %. The best 
results are achieved by standardized use of 
TME. Extralevator APE reduces local recurrence 
in locally advanced tumors in the lower third of 
the rectum. Patients are at increased risk of local 
recurrence after local excision, which warrants 
attention in patient selection and follow-up.

26.5	 �Functional Outcomes

Improved oncologic outcomes have increased the 
interest in the adverse effects of rectal cancer 
treatment on functional outcomes in cancer sur-
vivors. Bowel, urinary, sexual, and gonadal func-
tion may deteriorate, and body image is altered 
after formation of a permanent stoma. These 
important issues, which affect quality of life, 
should be discussed with the patient before the 
start of any treatment.

26.5.1	 �Bowel Function

Urgency, frequent bowel movements, and occa-
sional fecal incontinence are common complaints 
after anterior resection and can be quantified by 
the low anterior resection syndrome score. The 
loss of rectal storage function and hyperactive 
postprandial response of the neorectum, formed 
of denervated left colon, are reasons for urgency 
and frequent bowel movements. The morbidity of 
colostomy is considerable, with skin irritation, 
parastomal herniation, stenosis, retraction, and 

prolapse occurring in up to 40 % of patients. 
Consultation with a stomatherapist to mark the 
stoma site preoperatively reduces morbidity. 
Quality of life did not differ between patients 
undergoing sphincter-saving procedures (anterior 
resection) and those receiving a permanent stoma 
after APE/the Hartmann procedure in 14 of 35 
studies included in the latest Cochrane review.

26.5.2	 �Urinary Function

The negative impact on urinary function seems to be 
less pronounced, and gradual improvement within 
6 months might be expected. Injuries to autonomic 
nerves during pelvic dissection contribute more to 
negative effects on bladder function than RT.

26.5.3	 �Sexual Function

The majority of patients with resectable rectal 
cancer are sexually active at the time of diagno-
sis, and sexual dysfunction is reported in up to 
75 % after treatment. The most common com-
plaints are dyspareunia and vaginal dryness in 
women and erectile dysfunction and retrograde 
ejaculation in men. Injuries to the preaortic 
hypogastric nerves (sympathetic fibers) or the 
neurovascular bundles (parasympathetic fibers) 
at the pelvic sidewall during surgery are related 
to specific functional impairments. RT and the 
presence of a stoma are associated with increased 
sexual dysfunction in both sexes.

100

80

60

40

20

0
0

I III
IVII

1 2 3 4 5

Fig. 26.3  Five-year 
cancer-specific 
survival by stage for 
patients treated 
between 2007 and 
2014
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26.5.4	 �Gonadal Function

The gonads are exposed to primary and scattered 
radiation during RT, with adverse effects on fer-
tility and levels of sexual hormones, which must 
be discussed before starting RT. Cryopreservation 
of oocytes/semen and hormone replacement in 
the case of premature menopause or male hypo-
gonadism should be offered to affected women 
and men.

26.5.5	 �Other Late Adverse Effects 
Specific for RT

Specific late adverse events attributed to RT are 
increased risk of secondary cancers, pelvic or 
femoral insufficiency fractures, and thromboem-
bolic disorders. Many of these results were 
observed in studies with out-of-date RT technol-
ogy and may decrease or even disappear with the 
use of more refined RT technology. The positive 
effects of RT on oncologic outcomes and the 
potential for complete response, enabling organ 
preservation, are in contrast to the negative 
effects on postoperative and functional outcomes. 
Therefore the future use of RT in rectal cancer 
treatment is an ongoing debate.

26.5.6	 �Follow-Up

The postoperative multidisciplinary team confer-
ence is an opportunity for quality control. The 
benefit of postoperative chemotherapy and the risk 
of local or systemic cancer recurrence should be 
discussed based on quality and histopathological 
assessment of the specimen. Follow-up after treat-
ment for rectal cancer aims to detect cancer recur-
rence (local or systemic) and metachronous CRC, 
to diminish treatment-related adverse effects on 
functional outcomes/quality of life, and to identify 
patients from families with increased risk of CRC 
or specific inherited cancer predisposition syn-
dromes (e.g., Lynch syndrome, FAP).

Patients able to tolerate further interventions 
and who had complete preoperative colonos-
copy, clean resection margins. and no increased 

familiar risk for CRC can proceed along a stan-
dard follow-up schedule:

•	 Colonoscopy 3–5 years postoperatively
•	 Proctologic examination after low anterior 

resection and carcinoembryonic antigen level 
1, 3, and 5 years postoperatively

•	 Computed tomography of the chest and abdo-
men 1 and 3 years postoperatively

•	 Regular colonoscopies every 5 years after the 
end of the 5-year follow-up

The frequency of follow-up should be 
enhanced and pelvic MRI added in patients with 
incomplete resections or high risk of systemic 
recurrence.
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Anal Intraepithelial Neoplasia 
and Anal Cancer

Daniel Dindo and Friederike Remmen

27.1	 �Etiology

•	 The majority of anal carcinomas is caused by 
infection with human papillomavirus (HPV), 
the same virus that is a major cause of cervical 
carcinoma. HPV has a genome of approxi-
mately 8,000 base pairs, making it a small 
DNA virus. The virus is limited to the basal 
cells of stratified epithelium, as this is the only 
tissue in which it can replicate. HPV lesions 
are known to arise from the proliferation of 
infected basal keratinocytes, and infection 
typically occurs when the host basal cells are 
exposed to HPV through a compromised epi-
thelial barrier such as occurs during sexual 
intercourse or in minor skin abrasions. The 
virus is released as a result of the degeneration 
of desquamating cells. HPV is resilient, sur-
viving for months at low temperatures and 
without a host.

•	 Of the more than 170 known subtypes of HPV, 
15 have been identified as having oncogenic 

potential (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 
68, 59, 68, 73, and 82) and are therefore con-
sidered to confer a high risk of cancer. 
Furthermore, three are potentially high-risk 
subtypes (26, 53, 66), and 12 (6, 11, 40, 42, 
43, 44, 54, 61, 70, 72, 81, and CP 6108) have 
been classified as low-risk subtypes [1]. In 
cervical carcinoma, HPV-16 is the most com-
mon high-risk subtype and is also present in 
almost three-quarters of all anal carcinomas. 
The oncogenic potential increases when addi-
tional HPV subtypes are associated with the 
infection – so-called mixed infections, which 
are very common among the male homosex-
ual population (men who have sex with men 
[MSM]) [2].

•	 In addition to a shared aetiology, there are 
other parallels between anal and cervical car-
cinoma. For example, the transformational 
zone (where two different epithelia meet) of 
both the cervix and the anal canal is prone to 
HPV infections. The transformational zone of 
the cervix is where squamous epithelium of 
the ectocervix meets the cylindrical epithe-
lium of the endocervix; in the anal canal it is 
the border between the squamous epithelium 
of the anus and the cylindrical epithelium of 
the rectum, anatomically known as the linea 
dentata.

•	 Anal carcinoma begins with precancerous 
stages, as does cervical cancer. In another 
analogy to cervical intraepithelial neoplasia, 
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anal dysplasia is divided into three stages 
(anal intraepithelial neoplasia [AIN] 1–3). In 
AIN 1, the mutations in the basal cells are 
confined to the lower third of the epithelium; 
in AIN 2, cell mutations can be found in the 
first two-thirds of the epithelium, and the 
entire epithelium is affected in AIN 3 
(Fig. 27.1). Typically seen in viral infections 
are nuclear polarization, nuclear pleomor-
phism, and hyperchromatism. Koilocytosis, 
which presents with a cytoplasmic halo around 
the cell nucleus, is especially common in 
actively replicating virus infections. A low-
grade dysplasia is classified as AIN 1, whereas 
severe dysplasia corresponds to AIN 2 or 3. 
Spontaneous regression can occur in low-
grade lesions but rarely occurs in severe 
lesions [3].

•	 Little is known about the progression rate 
from high-grade AIN to anal carcinoma. In a 
small study, three of six immunosuppressed 
patients developed anal carcinoma within 
5  years [4]. Another study observed 72 
patients with high-grade dysplasia, among 
whom 13 % (8 patients) progressed to anal 
carcinoma [5]. Interestingly, no development 
of anal carcinoma was seen in a group of 446 
human immunodeficiency virus (HIV)–posi-
tive homosexual patients in whom a high-
grade dysplasia was treated. However, five 
patients who refused dysplasia treatment pro-
gressed to anal carcinoma [6].

•	 As mentioned before, HPV infections (espe-
cially HPV-16 and -18) are strongly associ-
ated with the appearance of squamous cell 
carcinoma of the anus. In particular, persisting 

Low-grade squamous
intraepithelial lesion (LSIL)

High-grade squamous
intraepithelial lesion (HSIL)

Condyloma

Koilocytes Microinvasive carcinoma

Normal Very mild to mild dysplasia Moderate
dysplasia

Severe
dysplasia

In situ
carcinoma

AIN grade 1 AIN grade 2 AIN grade 3

Fig. 27.1  Schematic representation of squamous intraep-
ithelial lesions (From The PRN Notebook vol. 10, no. 4, 
December 2005 (available at www.prn.org; reprinted 
without permission). Koilocytes are a typical representa-
tion of human papillomavirus–infected cells. Koilocytes 
may show the following cellular changes: nuclear enlareg-
ment, hyperchromasia, irregular contour of the nuclear 
membrane, and a clear area around the nucleus, known as 

a perinuclear halo. As illustrated, the proportion of the 
epithelium that is replaced by dysplastic cells (presenting 
a large nucleus-to-cytoplasm ratio) increases with increas-
ing severity of the dysplasia. In anal intraepithelial neo-
plasia (AIN) I, dysplastic cells are found in the basal third 
of the epithelium, in AIN II in the basal two thirds, and in 
AIN III throughout the whole epithelium
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HPV infections caused by anal intercourse 
and a high number of sexual partners over a 
lifetime increase the risk of developing anal 
carcinoma. In addition to HPV infection, other 
important risk factors are

–– HIV infection
–– Immune suppression after transplant or 

long-term use of corticosteroids
–– A history of other HPV-related cancers
–– Autoimmune disorders
–– Social deprivation
–– Cigarette smoking

•	 Anal cancer is subdivided into two 
categories:
–– Cancer of the anal canal
–– Cancer of the anal margin

The anal canal extends from the anorectal 
junction to the anal margin. The pigmented skin 
immediately surrounding the anal orifice is con-
sidered the anal margin, which extends laterally 
to a radius of ∼5  cm (Fig.  27.2). Lymphatic 
drainage of the proximal anal canal flows to peri-
rectal nodes along the inferior mesenteric artery. 
Close to the dentate line, lymphatic vessels drain 
to internal pudendal nodes and to the internal 
iliac system. The region below the dentate line 
and the perianal region drain to the femoral, 
inguinal, and external iliac nodes.

27.2	 �Incidence

•	 Approximately 20 % of HIV-negative MSM 
suffer from anal dysplasia, 5–10 % of whom 
already exhibit severe epithelial dysplasia 
(AIN 2–3). In HIV-positive MSM, the preva-
lence of severe AIN reaches up to 50 % [7]. In 
a study investigating 448 HIV-positive MSM, 
anal cancer was already present in 2.5 % of the 
patients [6].

•	 There has not been much research on the prev-
alence of anal dysplasia among women, 
despite the fact that 6 % of HIV-negative and 
21 % of HIV-positive women were found to 
suffer from anal dysplasia [8].

•	 Anal cancer has gained particular attention 
since the late twentieth century as a result of 

its rapidly increasing incidence. Since the 
1970s the incidence of 1 in 100,000 has dou-
bled, and the sex distribution has changed 
from more women being affected to now hav-
ing both sexes equally affected [9]. Since the 
beginning of the AIDS epidemic in 1982, the 
incidence has especially been increasing 
among MSM, in whom the incidence of anal 
carcinoma has increased from 3.7 (1973–
1978) to 20.6 in 100,000 people (1996–1999) 
[10]. Cervical carcinoma had reached the 
same level of incidence before standardized 
screening tests were introduced, after which it 
dropped dramatically [11]. Meanwhile, the 
incidence of anal carcinoma in HIV-positive 
MSM has reached 137–225  in 100,000 [12, 
13], and the incidence is 10–100 times higher 
among immunosuppressed patients [14]. The 
increasing incidence of anal cancer was not 
influenced by the introduction of highly active 
antiretroviral treatment.

•	 The increasing incidence of anal cancer was 
not influenced by the introduction of HAART 
(Highly Active Anti Retroviral Treatment).

27.3	 �Epidemiology

•	 Approximately 80 % of sexually active adults 
will contract a genital HPV-infection at some 
point in their lives.

•	 Approximately 80 % of sexually active adults 
will contract a genital HPV infection at some 
point in their lives. Infection with a specific 
HPV subtype typically lasts 6  months to 
2 years, and it is assumed that 90 % of patients 
spontaneously eradicate the virus within this 
time period [15].

•	 In HIV-negative MSM the prevalence of HPV 
is 50-–60 % [16] whereas in HIV-positive 
MSM it is almost 100 % [2].

•	 In HIV-negative MSM, the prevalence of HPV 
is 50–60 % [16], whereas among HIV-positive 
MSM it is almost 100 % [2]. The prevalence of 
anal HPV infections among heterosexual men 
was found to be 12 %. In 7 % of the patients 
examined, an oncogenic HPV subtype was 
present in the anal canal [17]. In women, the 

27  Anal Intraepithelial Neoplasia and Anal Cancer



318

prevalence of anal HPV infections lies between 
13 and 29 % and is comparable to that of cervi-
cal infections [18]. The prevalence of anal 
HPV infections in men seems to remain stable 
with age [16], contrasting with the age-specific 
prevalence of cervical HPV infections in 
women, which decreases after the age of 30.

•	 The prevalence of anal HPV infections in men 
seems to remain stable with age [16].

•	 The risk of dysplasia increases if a high-risk 
subtype persists for over a year [19]. Viruses 
are currently regularly typified by only approx-
imately 13 % of surgeons and dermatologists 
working in the field of coloproctology [20].

a

c d

b

Fig. 27.2  Clinical presentation of endoanal dysplasia 
using high-resolution anoscopy (HRA) (From Kreuter 
et  al. [31]; reprinted without permission) (a) Normal 
squamocolumnar junction without any signs of human 
papillomavirus–associated lesions. (b) Anal dysplasia 
(AIN 2). The lesion bleeds easily and is slightly thick-

ened. Opaque areas with characteristic punctuation and 
mosaic structure are seen. (c) Anal dysplasia (AIN 2). 
Homogenous, well-demarcated, hyperkeratotic area with 
a granular surface. (d) Anal dysplasia (AIN 3). Large 
hyperkeratotic area with satellite lesions. The surface of 
the lesion is focally spiked and granular
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27.4	 �Diagnostics

•	 As the symptoms of AIN are unspecific and 
similar to common benign anorectal dis-
eases, it is important that all patients are 
properly clinically assessed to avoid delays 
in diagnosis. This is especially true for 
high-risk patients. It is mandatory to take 
biopsies of all unclear anal lesions to 
exclude anal dysplasia and cancer. 
Occasionally, AIN presents with symptoms 
such as itching or mild bleeding, but the 
majority of patients with anal dysplasia are 
asymptomatic.

•	 High-resolution anoscopy (HRA) facilitates 
examination of the anal region and canal 
with 20× magnification and as such has 
proven itself superior to conventional proc-
toscopy. It enables the detection and tar-
geted treatment of subclinical dysplasia, 
and in most cases it eliminates the need for 
a standard biopsy (anal mapping). A tradi-
tional proctoscopy without HRA misses 
50 % of anal dysplasias [5]. However, HRA 
was only used to diagnose anal dysplasia by 
23 % of responders in a survey targeting 
over 6,000 surgeons and dermatologists in 
the field of coloproctology in Europe and 
Australia [20].

•	 Polymerase chain reaction and in situ 
hybridization are used to type HPV upon a 
diagnosis of anal HPV infection, although 
the importance of this typification is 
questioned.

•	 Patients with anal cancer present with peri-
anal lesions that can be wartlike, ulcerative, 
or both. Although local pain is often missing, 
approximately one-third of patients with anal 
cancer experience pain caused by the inva-
sion of the tumor into the anoderm and the 
sphincter complex. Incontinence or tenesmus 
may also result from sphincter involvement. 
A localized inguinal lymphadenopathy can 
also be a symptom of metastatic disease. 
Rectal bleeding is usually the first symptom 
of anal cancer and occurs in over half of 
patients [21].

27.5	 �Screening

•	 Since the implementation of standardized 
screening tests, the incidence of cervical car-
cinoma has decreased by 70 % in developed 
countries. The effectiveness of regular gyne-
cological checkups to prevent cervical cancer 
is no longer questioned. However, there are 
currently no general recommendations for 
screening tests for anal carcinoma in high-risk 
patients.

•	 Regular screening tests are now starting to be 
recommended. For example, the Department 
of Public Health of the State of New York cur-
rently recommends yearly screening tests for 
all HIV-positive MSM, HIV-negative MSM 
with a history of genital condyloma, and 
women with abnormal gynecological cytol-
ogy [22]. Available data indicate that these 
recommendations should also include HIV-
positive women.

•	 In hypothetical models, regular anal smears 
were cost-effective for both HIV-positive and 
HIV-negative MSM [23, 24]. Prospective 
studies of cost efficiency are currently still 
outstanding.

•	 Screening on a yearly basis in HIV-positive 
MSM provides clinical benefit and increases 
quality-adjusted life expectancy. Screening per-
formed every 2–3  years is sufficient for HIV-
negative MSM [23, 24]. The screening test 
should consist of a digital rectal examination 
(DRE) and anal brush cytology. Anal cytology 
has a sensitivity of 60–80 % and is similar to 
that of cervical cytology. If there is abnormal 
brush cytology, HRA is recommended [23].

•	 Anal cytology has a sensitivity of 60-–80 % 
and is similar to that of cervical cytology. If 
there is abnormal brush cytology, a high reso-
lution anoscopy (HRA) is recommended [23]

27.6	 �Staging

•	 The seventh edition of the American Joint 
Committee on Cancer’s Cancer Staging 
System (2010) is used internationally to 
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classify anal cancer [25] (Table 27.1). After 
confirming a diagnosis, further investigation 
includes computed tomography (CT) of the 
chest, abdomen, and pelvis to assess the size 
of the primary tumor and rule out metastatic 
disease. Magnetic resonance imaging (MRI) 
of the pelvis allows more accurate local 
staging of a primary tumor and reveals the 
extent of tumor invasion into the external 
sphincter and perirectal tissue. It is therefore 
advantageous over CT because it differenti-
ates between soft tissues and outlines struc-
tures more clearly.

•	 Positron emission tomography (PET)/CT with 
[18F] fluorodeoxyglucose (FDG) has a high 

sensitivity for the detection of affected lymph 
nodes because of the affinity of the majority of 
anal carcinomas to FDG.  In approximately 
20 % of cases an FDG PET/CT alters the stag-
ing, with a trend toward upstaging, as shown 
in several studies. Treatment intent is altered 
as a result in approximately 3–5 % of cases 
[21]. The US National Comprehensive Cancer 
Network currently recommends FDG PET/CT 
in their treatment recommendations.

27.7	 �Treatment

•	 The therapeutic management of AIN is contro-
versial because of the largely unknown bio-
logical development of anal dysplasia. There 
are two different ways to handle a detected 
AIN: either watchful waiting with intensive 
patient surveillance for early diagnosis of anal 
carcinoma, or an aggressive strategy of 
destroying all dysplastic areas with the aim of 
preventing anal carcinoma. Against the watch-
ful waiting strategy is the fact that chemoradio-
therapy is poorly tolerated by and is associated 
with high morbidity and mortality in HIV-
positive patients with anal carcinoma. 
Underlying this, a Markov model showed an 
increase in life expectancy in annually screened 
HIV-positive men and HIV-negative men who 
were screened every 2–3  years when this 
screening was accompanied by early destruc-
tion of all possible dysplastic areas [23, 24].

•	 Possible ablative treatments include infrared 
coagulation, carbon dioxide (CO2) laser abla-
tion, and destruction using electrocautery, 
cryoablation, or surgical excision. Cryoablation 
is especially advantageous in small perianal or 
intra-anal findings and can be used in the out-
patient setting. Furthermore, it does not require 
general anesthesia but often has to be repeated. 
As soon as larger peri- and intra-anal areas are 
affected, infrared coagulation, CO2 laser abla-
tion, or electrocoagulation, which are more 
destructive, are better suited. Because of the 
low depth of penetration of the laser, CO2 laser 
ablation does not cause scarring, and a  
combination with HRA leads to the more tar-

Table 27.1  TNM classification of anal cancer

Primary tumor (T)
Tis Carcinoma in situ
T1 Tumor invades ≤2 cm at the largest 

dimension
T2 Tumor >2 cm but not >5 cm at the largest 

dimension
T3 Tumor >5 cm at the largest dimension
T4 Tumor of any size invades an adjacent organ 

(e.g., the vagina, urethra, bladder – but not 
the anal sphincter, perirectal skin, or 
subcutaneous tissue)

Regional lymph nodes (N)
N0 No regional lymph node metastasis
N1 Metastasis in perirectal lymph nodes
N2 Metastasis in unilateral internal iliac and/or 

inguinal lymph nodes
N3 Metastasis in perirectal and inguinal lymph 

nodes and/or bilateral internal iliac and/or 
inguinal lymph nodes

Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
Anal cancer stage grouping
Stage T N M

0 Tis N0 M0
I T1 N0 M0
II T2–3 N0 M0
IIIA T1–3 N1 M0

T4 N0 M0
IIIB T4 N1 M0

Any T N2 M0
Any T N3 M0

IV Any T Any N M1
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geted destruction of suspicious areas. 
Therefore, CO2 laser ablation is a better treat-
ment option than a wide surgical excision that 
causes extensive scarring.

•	 It is mandatory to take biopsies of suspicious 
areas and exclude anal carcinoma before per-
forming any ablative therapy. It is also impor-
tant to closely monitor patients after ablative 
therapy because of the high recurrence rate of 
dysplasia (especially in HIV-positive MSM) 
and the lack of histological confirmation of a 
complete removal.

•	 Topical treatment using imiquimod or podo-
phyllin is suitable for perianal lesions, but the 
chances of success are low. A meta-analysis of 
patients treated with imiquimod showed that 
only 48 % of the patients achieved full remis-
sion, with a relapse rate of 36 % [26]. As a 
result, imiquimod should only be used in com-
bination with an ablative treatment [27]. 
Another alternative for topical use is 
5-fluorouracil [28]. The topical application of 
imiquimod or 5-fluorouracil for endoanal 
lesions is not well established since it is an 
“off-label” use.

•	 Within the past 20 years there has been a major 
change in the treatment of anal caner. Today, the 
primary treatment consists of chemoradiother-
apy, whereas surgery plays a minor role, result-
ing in fewer permanent colostomies.

•	 Primary chemoradiotherapy is recommended 
in all four stages of squamous cell carcinoma 
of the anus, with the exception of tumors with 
a T1 anal margin. If the lesion is smaller (T1; 
<2 cm in diameter) it may be treated by pri-
mary surgery, providing it is localized on the 
anal margin and well differentiated. The local 
excision must allow for a margin >5 mm and 
sphincter function cannot be affected.

•	 The combination of 5-fluorouracil and mito-
mycin-C in addition to radiotherapy is the 
standard treatment. Adhering to this regimen 
can result in colostomy-free survival and local 
control rates of 83.7 % and 83.9 %, respec-
tively, and a favorable toxicity profile [29].

•	 The complexity of radiotherapy treatment in 
anal cancer is increased by the variable size of 
the tumor and the fact that several critical 

structures near the tumor are dose-sensitive, 
such as the small bowel, rectum, bladder, fem-
oral heads, perineum, and external genitalia. 
Because of new and improved treatment using 
CT-guided or three-dimensional radiotherapy, 
treatment accuracy and delivery have been 
greatly improved. These treatments allow 
radiation oncologists to differentiate between 
normal tissue and the soft-tissue targets using 
axial CT.

•	 Salvage surgical treatment should be consid-
ered in patients with locally persisting tumors 
after chemoradiation (CRT) and recurrent or 
progressive disease after previous CRT. As the 
achievement of negative resection margins is 
absolutely necessary, an abdominoperineal 
resection is recommended in most cases. 
Other options are posterior or total pelvic 
exenteration. Because of the wider involved 
area and the intensively irradiated area in peri-
neal resection of anal carcinoma compared 
with rectal cancer, postoperative complica-
tions such as problems with wound healing 
can have an enormous impact. If curative 
resection can be carried out, abdominoperi-
neal resection can achieve local control in 
about 50–60 % of patients, which corresponds 
to a 5-year survival rate of approximately 
30–60 %. A radical groin dissection combined 
with pre- and postoperative irradiation of the 
groin should be considered if inguinal lymph 
nodes are involved. Nodal involvement is seen 
in 20 % of patients with T3 disease.

•	 Nodal involvement is seen in 20 % of patients 
with T3 disease.

27.8	 �Follow-Up

•	 After completion of CRT, anal carcinoma con-
tinues to slowly regress. A DRE is used to 
evaluate complete response after treatment is 
completed. Complete response refers to a total 
absence of tumors and/or ulcerations. If pain 
is still present or the treatment result is unclear, 
it is recommended to do the examination 
under general anesthesia. Clinical examina-
tion of the inguinal regions together with 
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radiographic exams (if possible, a comparison 
of PET/CT is the best option, otherwise pelvic 
MRI and CT) are mandatory.

•	 It is difficult to differentiate scar tissue, edema, 
and residual fibrosis from persistent active 
disease. However, there is no recommendation 
for routine biopsies of persistent clinically 
suspicious lesions 8–12  weeks after com-
pleted treatment, as complete regression may 
take up to 6 months. This can be monitored by 
close follow-up to evaluate good partial 
regression on radiography. Before proceeding 
to radical surgery, residual or recurrent tumors 
must be histologically confirmed.

•	 MRI has the advantage of complementing the 
clinical assessment and documenting 
response, whereas with endoanal ultrasound it 
is difficult to differentiate edema and scar tis-
sue from a persisting tumor. FDG PET/CT 
scans currently play only a minor role in 
assessing response to treatment, but they are 
superior in the detection of residual lymph 
node metastasis.

•	 It is recommended that patients who have 
achieved complete remission after 8  weeks 
should be evaluated every 3–6  months for 
2 years, and then every 6–12 months until the 
5-year mark is reached. Evaluation should 
include a clinical examination using DRE and 
palpation of the inguinal lymph nodes. 
Anoscopy and proctoscopy are additional 
options, but these may be poorly tolerated and 
often too painful following CRT.  Some rec-
ommend MRI semiannually for 3  years in 
addition to the clinical evaluation. A biopsy 
should be taken if any suspicious progressing 
lesions are found. Data from the ACT II trial 
show that the majority (>99 %) of relapses 
occur within 3 years; therefore extended imag-
ing surveillance is only recommended within 
this time period [30].

27.9	 �Recurrence

•	 In 10–20 % of cases, patients relapse at distant 
sites, meaning that the majority of relapses are 
locoregional. When the metastasis occurs at a 

distant site, the most commonly affected 
organs are the paraortic nodes, liver, lungs, 
and skin. However, regular CT for metastatic 
surveillance are not recommended outside of 
clinical trials; unlike for colorectal cancers, 
there is a lack of evidence to support meta-
static resection.

•	 The mortality rate associated with distant met-
astatic disease is very high: only 10 % of 
patients survive 2 years or more.

27.10	 �Special Considerations

•	 After treatment of HPV-associated high-grade 
dysplasia or anal cancer, patients still have to 
be considered high risk. Surveillance on a 
regular basis is mandatory. DRE, HRA, and 
brush cytology are recommended every 
3  months in the first year after treatment. 
Thereafter, follow-up may be extended to 
yearly examinations. If no lesions reoccur, 
brush cytology should be performed every 
year and HRA every 2–3 years.

•	 A biopsy should be performed on any unusual 
or suspect anal lesion, especially in high-risk 
patients (MSM, HIV-positive, women with 
cervical dysplasia). Also, histological investi-
gation of every tissue sample that is removed 
in the anal region is recommended since HPV-
associated lesions are mostly asymptomatic 
and discreet.
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Peritoneal Malignancies 
and Colorectal Peritoneal 
Metastases
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28.1	 �Introduction

Advanced primary or recurrent colorectal cancer 
(CRC) commonly involves the peritoneum via a 
process best described as synchronous or meta-
chronous colorectal peritoneal metastasis. 
Synchronous colorectal peritoneal metastases 
(CPMs) occur in approximately 5–10 % of 
patients undergoing CRC resection [1]. Twenty 
to 50 % of patients who have undergone curative 
surgery for CRC go on to develop metachronous 
intraperitoneal recurrence [2].

Conventional treatment of these patients using 
systemic chemotherapy with or without palliative 
surgery has been reported to result in a poor median 
survival of 5–7 months [1]. The more recent addi-
tion of modern chemotherapeutic agents, such as 
oxaliplatin and irinotecan, at best improves this 
median survival to approximately 12.6 months [3]. 
A recent report showed that the addition of biologi-
cal agents in a select group of patients improved 
overall survival to 22.4 months [4].

There is emerging evidence that select patients 
with colorectal peritoneal metastatic disease may 
be cured by a combination of what is termed 
cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC). For 

these patients, the concept of “peritoneal metas-
tases” (Fig 28.1a, b) as a subset of diffuse “peri-
toneal carcinomatosis” (Fig 28.2) helps to define 
future directions in this complex field [5].

•	 The incidence of resectable synchronous or 
metachronous peritoneal metastases without 
extra-abdominal spread is unknown and can 
only be estimated at approximately 3 % of all 
patients with CRC [1]. This can be extrapo-
lated to approximately 1,000 of the ~30,000 
cases of CRC per year in England, though 
many patients are too unhealthy, or are unwill-
ing, to undergo the complex strategy of CRS 
and HIPEC [5].

28.2	 �Pathophysiology 
and the “Redistribution 
Phenomenon”

The fundamental basis of metastatic peritoneal 
spread within the abdomen revolves around the 
pathophysiology of intraperitoneal fluid dynam-
ics by a process called the “redistribution phe-
nomenon” [6]. A fundamental knowledge of this 
phenomenon is central not only to the under-
standing of the surgery required in managing 
peritoneal malignancy but also the sites to focus 
on during noninvasive abdominal imaging or lap-
aroscopic assessment of any patient with sus-
pected or actual peritoneal malignancy.
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The redistribution of abdominal free-floating 
cells occurs via two main mechanisms – namely, 
gravity and a concentration of tumor at sites of 
peritoneal fluid absorption. The peritoneal cavity 
is a highly sophisticated, flexible container that 
allows the mobility of the motile contents, par-
ticularly the gastrointestinal tract. Physiologically 
it has a fluid interface between the parietal and 

visceral peritoneum, analogous to lubricating oil 
in a combustion engine. A mechanism to absorb 
and filter this physiological fluid, akin to an oil 
filter in an engine, incorporates the greater and 
lesser omentum and lacunae on the undersurface 
of the diaphragm, predominantly on the right 
side. Thus “redistribution” of peritoneal malig-
nant cells occurs by gravitational forces, result-
ing in tumor accumulation in the pelvis, paracolic 
gutters, and subphrenic spaces and by a “filtra-
tion” and concentration effect in the omentum 
and undersurface of the diaphragm, predomi-
nantly on the right side.

Tumor biology is also pivotal, and the “inva-
sive” potential of the cells determines whether 
peritoneal malignancy is confined to the perito-
neum or invades vital abdominal viscera. The 
motility of the intra-abdominal organs, particu-
larly the small bowel, is protected from involve-
ment by relatively noninvasive tumor cells 
(classically pseudomyxoma peritonei [PMP]) and 
may similarly apply to some patients with CPMs.

Extensive prior surgery, with resulting inevi-
table adhesions, can interfere with bowel motility 

a b

Fig. 28.1  Colorectal peritoneal metastases of the (a) omentum and (b) rectovesical pouch

Fig. 28.2  Colorectal carcinomatosis
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and can affect tumor spread. This may result in 
tumor concentration in and infiltration of the 
small bowel, potentially affecting resectability.

28.3	 �Evidence to Support CRS 
and HIPEC

The treatment strategy of CRS and HIPEC has 
evolved predominantly from the work of various 
researchers, initially in the field of PMP [7] and 
subsequently extrapolated to other peritoneal 
malignancies. Animal studies [8], a randomized 
controlled trial [9], numerous case series, and 
two meta-analyses [10, 11] support the benefits 
of CRS and HIPEC.

An elegant animal model of peritoneal carci-
nomatosis, randomizing to surgery alone (CRS) 
or CRS and HIPEC, demonstrated a reduction in 
peritoneal tumor volume and a prolonged sur-
vival in the group treated by a combination of 
CRS and HIPEC [8].

In humans, the landmark randomized con-
trolled trial by Verwaal et  al. [9] reported that 
CRS and HIPEC significantly improved survival 
compared with the best systemic chemotherapy, 
with acceptable toxicity. In an updated report of 
this study, which included 103 patients, at a 
median follow-up of 96  months there was an 
improvement in the median disease-free sur-
vival – from 12.6 to 22.2 months – favoring the 
group receiving CRS and HIPEC[12]. To date, 
criticisms of this unique randomized controlled 
trial have been the relatively small number of 
patients; the inclusion of some cases with appen-
diceal carcinomatosis, which is known to have a 
more favorable outcome than CPMs; and the now 
outdated systemic chemotherapy. Nevertheless, 
the findings are valid and a credit to the Dutch 
investigators in such a complex field.

•	 A number of publications on nonrandomized 
comparative case-control studies report 
improved survival in patients with CPMs who 
underwent CRS and HIPEC. Elias et al. [13] 
studied a series of 96 patients with CPM in a 
case-control study comparing CRS and 
HIPEC with systemic chemotherapy. They 

reported superior median survival (62.7  vs. 
23.9 months), 2-year survival (81 % vs. 51 %), 
and 5-year survival (51 % vs. 13 %) in the 
CRS and HIPEC group.

•	 Franko et  al. [14] similarly reported on 105 
patients and documented improved 1-, 3-, and 
5-year survival of 90 %, 50 %, and 25 %, 
respectively, in the CRS and HIPEC group 
compared with the group receiving only sys-
temic chemotherapy (55 %, 12 %, and 7 %, 
respectively)

•	 Mahteme et  al. [15] studied 36 patients and 
compared CRS and early postoperative intra-
peritoneal chemotherapy versus systemic che-
motherapy alone. They found improved 
overall survival in the CRS + early postopera-
tive intraperitoneal chemotherapy group 
(5-year survival: 28 % vs. 5 %).

•	 A publication reporting on 107 patients who 
had CRS and intraperitoneal chemotherapy for 
CPM reported overall 5- and 10-year survival 
rates of 35 % and 15 %, respectively. In the 
subset who had complete cytoreduction and 
HIPEC, 16 % were regarded as cured, with a 
disease-free interval of at least 5 years [16].

•	 The original systematic review in 2006 [10] 
concluded that available evidence in favor of 
CRS and HIPEC for the treatment of CPMs 
was weak. An updated analysis and systematic 
review in 2014 by Mirzenami et al. [11] con-
cluded that “enhanced survival times can be 
achieved for CPM after combined treatment 
with CRS and intraperitoneal chemotherapy.”

While many criticize the concept of CRS and 
HIPEC, evidence to support its use may in fact 
exceed the well-accepted role of surgical resec-
tion of pulmonary and hepatic metastases from 
CRC, which have never been subjected to ran-
domized controlled trials. Part of the problem has 
been terminology; “diffuse colorectal carcinoma-
tosis” is an exclusion criterion, and the recent 
concept of “resectable CPM” helps to focus atten-
tion on suitable cases for this novel strategy [5].

There has also been an overview of published 
evidence by the United Kingdom’s National 
Institute of Health and Clinical Excellence, 
which concluded that the overall 5-year survival 
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was 19 % and that CRS plus HIPEC was an 
appropriate strategy in select patients [5].

The associated morbidity and mortality need 
to be taken into account when performing CRS 
and HIPEC. In their systematic review, Mirzenami 
et al. [11] found that mortality ranged from 0 % 
to 12 % and morbidity from 21.8 % to 62 %. The 
most common complications encountered were 
wound related (3–12 %), fistulas (1–11 %), intra-
abdominal abscess (1.8–14 %), reoperation rate 
(4–20.8 %), and chemotherapy-related hemato-
logical toxicity (2–52 %) [11]. The importance of 
the “learning curve” is now well recognized in 
this complex procedure, and most centers have 
reported a decline in the overall complication rate 
as the number of cases performed increased [17]. 
Moreover, improvements in anesthesia, operative 
technique, critical care, and both diagnostic and 
interventional radiology have all added to the 
early recognition and active treatment of compli-
cations [18]. Recent large-scale studies are now 
reporting acceptable morbidity and mortality 
rates following CRS plus HIPEC [19, 20].

28.4	 �Technical Aspects of CRS 
and HIPEC

The concept of CRS and HIPEC was initially 
popularized by Sugarbaker [21] and was subse-
quently adopted globally (a “global learning 
curve”) [22]. The techniques have been devel-
oped and refined in PMP. Patients with extensive 
PMP may require all five primary, and two sec-
ondary, peritonectomies together with organ 
resections. The fundamental basis for CRS is the 
distribution of an abdominal tumor via the “the 
redistribution phenomenon,” described earlier.

CRS involves a series of “peritonectomy pro-
cedures” in addition to the resection of involved 
nonvital organs such as the spleen, gallbladder, 
right colon, and rectosigmoid. Peritonectomy 
consists of resection of the parietal peritoneum 
lining the abdominal cavity in the relatively avas-
cular subperitoneal plane.

•	 The five primary peritonectomy procedures 
are (1) right parietal, (2) left parietal, (3) right 

diaphragmatic, (4) left diaphragmatic, and (5) 
pelvic. The liver and spleen are enveloped by 
the peritoneum, and peritonectomy of the 
right and left liver involves capsulectomy of 
the right and left liver to complete the total of 
seven peritonectomy procedures.

•	 Peritonectomy, particularly liver capsulec-
tomy, is facilitated by the use of high-powered 
electrosurgery using “rolly ball” diathermy 
with “cut” and “coag” at the highest settings. 
At these settings substantial smoke is pro-
duced, and a high-powered smoke extractor is 
mandatory to reduce smoke contamination.

•	 Both peritonectomy and organ resectional 
procedures in CRS for PMP have applications 
in other peritoneal malignancies, including 
CPMs. However, it is pertinent to note that 
patients with CPM who benefit from CRS and 
HIPEC should have localized disease and will 
never require the same extent of surgery as 
patients with extensive PMP.

•	 A radical greater omentectomy (inside the gas-
troepiploic vessels) is performed and the 
spleen is carefully assessed. If it is involved by 
disease, the splenic artery and vein are 
clamped, transfixed, and ligated, and a sple-
nectomy is performed, taking great care to 
avoid damage to the tail of the pancreas. The 
lesser omentum is removed and dissection is 
carried upward in the aortocaval groove behind 
the caudal lobe of the liver. The gallbladder is 
removed and the portal structures identified, 
removing any peritoneal disease in this area.

•	 Pelvic dissection is commenced by rectal 
mobilization in the total mesorectal excision 
plane posteriorly, with full mobilization of the 
rectum. The peritoneal mobilization is carried 
anteriorly toward the bladder, and the perito-
neum is carefully dissected off its posterior 
surface. The rectum and sigmoid colon can 
usually be preserved, but prior pelvic surgery 
(especially major gynecological surgery such 
as hysterectomy and salpingo-oophorectomy) 
may mean that the tumor has infiltrated the 
anterior rectal wall, and an anterior resection 
may be needed.

•	 In women, the ovaries are routinely removed; 
removal of the uterus may or may not be required.
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•	 In many patients with PMP, appendicectomy 
alone may suffice to resect the tumor, but a 
right hemicolectomy is required if there is 
extensive peritoneal involvement of the cecum 
and/or terminal ileum, or if there are suspected 
involved nodes on the ileocolic chain. If right 
and left colectomies are performed, then anas-
tomoses are generally performed after complet-
ing HIPEC. If a low colorectal anastomosis is 
needed, consideration should be given to per-
forming a proximal temporary defunctioning 
loop ileostomy, which is our usual practice.

At the end of CRS, the completeness of cyto-
reduction (CC) is measured using the CC score. 
This ranges from CC-0 (no visible tumor), CC-1 
(tumor nodules <2.5 mm), CC-2 (tumor nodule 
between 2.5 and 2.5 cm), and CC-3 (tumor nod-
ule >2.5  cm) (Table  28.1). CC-0 and CC-1 are 
classed as “complete cytoreduction,” since intra-
peritoneal chemotherapy penetrates to a depth of 
3 mm. Patients with PMP after CC-0 and CC-1 
cytoreduction have shown similar long-term, 
disease-free outcomes.

28.5	 �Hyperthermic 
Intraperitoneal 
Chemotherapy

After completion of CRS, a closed or open (coli-
seum) technique is used to administer HIPEC for 
60–90 min at 42° C. The intraoperative chemo-
therapeutic agents commonly used for PMP or 
CPM are mitomycin-C (10 mg/m2) or oxaliplatin 
(460 mg/m2). The concept of HIPEC is that cyto-
toxic drugs penetrate to a depth of approximately 
3 mm [23]. Hyperthermia enhances this penetra-
tion, and the drug’s effectiveness and the hyper-
thermia induce tumor cell destruction as a result 
of the formation of heat shock proteins [24]. An 

additional benefit of hyperthermia is that the heat 
corrects the patient’s physiology. A prolonged 
laparotomy usually results in hypothermia; 
HIPEC reverses this hypothermia, avoiding 
adverse effects and facilitating hemostasis. In our 
experience, HIPEC reduces secondary hemor-
rhage requiring reintervention, probably by 
restoring hemostasis and providing a long inter-
val in which to detect bleeding points.

Once HIPEC is completed, the abdominal 
cavity is washed out with copious volumes of 
water or saline and low-suction abdominal drains 
are inserted into the four quadrants of the 
abdomen.

28.6	 �Patient Selection

With increasing awareness among oncologists of 
CRS and HIPEC as a treatment option for selected 
patients with CPM, there has been an increase in 
referrals to peritoneal malignancy treatment cen-
ters. The challenge still remains in selecting those 
patients who would benefit from CRS and HIPEC 
in terms of longer survival and improved quality 
of life. The best results occur in patients with lim-
ited disease (usually confined to one or two quad-
rants of the abdomen and with a minimum of 
~200 cm of uninvolved small bowel), where com-
plete tumor removal is achieved, ideally at the 
time of primary colorectal tumor resection in 
patients with synchronous disease [25].

The Peritoneal Carcinomatosis Index (PCI) is 
the most widely accepted quantitative prognostic 
indicator in selecting and treating CPMs [26]. 
The PCI is an intraoperative assessment that 
quantifies the extent of peritoneal disease distri-
bution in combination with the size of tumor nod-
ules (Table 28.2).

The numeric score ranges from 0 to 39, with a 
higher score indicating a greater tumor load. The 
abdomen and pelvis are divided into nine regions 
and the small bowel into four. If the lesion size is 
>5 cm in a region, the region is given a score of 3. 
If the lesion size is up to 5 cm, the region is given 
score of 2, and if it is up to 0.5 cm, it is given a 
score of 1. If no tumor is seen in a particular 
region ,it is scored as 0. The maximum PCI score 

Table 28.1  Completeness of cytoreduction

CC0 No visible residual tumour
CC1 Largest residual tumor <2.5 mm in size
CC2 Largest residual tumor 2.5–2.5 cm in size
CC3 Largest residual tumor >2.5 cm in size
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that can be calculated is 39. In a French multi-
centre study including 523 patients with CPM, 
Elias et al. [26] found that survival at 4 years in 
patients with a PCI score <6 was 44 %; for a score 
between 7 and 12 4-year survival was 22 %, and 
with a score >19 it was 7 %. It has since been rec-
ommended that CRS and HIPEC should be 
avoided in patients with CPM with a PCI score 
>20. A more recent study of 180 patients by 
Goere et al. [27] suggested that this threshold may 
be lowered further to a PCI score >17. Ideally, a 
preoperative PCI score would help select patients 
for surgery; work is ongoing in this field using a 
combination of cross-sectional imaging (predom-
inantly computed tomography [CT]) and selective 
use of laparoscopy. The problem is that imaging 
tends to underestimate the extent of low-volume 
peritoneal disease, and neither CT, magnetic reso-
nance imaging, nor positron emission tomogra-
phy (PET)/CT is sufficiently accurate in 
determining disease extent.

In the event that imaging predicts a high PCI 
and possible incomplete resection, optimal maxi-
mal palliative tumor debulking may be beneficial, 

particularly in patients with less aggressive 
tumours [17].

Nomograms to assess the suitability of patients 
for CRS and HIPEC are complex and not widely 
used. They serve more as guidelines as opposed 
to absolute recommendations.

•	 The Peritoneal Surface Disease Severity Score 
is calculated on the basis of clinical symp-
toms, the extent of peritoneal metastases, and 
tumor histology [28]. Esquivel et al. [29], in a 
study of 1,013 patients, concluded that the 
Peritoneal Surface Disease Severity Score can 
be used as a useful adjunct in decision making 
when considering patients with CPM for CRS 
and HIPEC, and for stratification within clini-
cal trials.

•	 Verwaal et  al. [30] calculated a Prognostic 
Score based on the location of the tumor, 
tumor differentiation, the presence of signet 
ring cells, and the number of regions affected. 
They found that a higher score was associated 
with decreased overall survival.

•	 Corep (COloREctal Ps) is another score 
based on histology, hematological status, 
serial tumor markers, and changes in tumor 
markers over time that can be used to assess 
the suitability of patients with CPM for CRS 
and HIPEC.  A score >6 of 18 can predict 
short-term (<12 months) cancer-specific sur-
vival, but further validation of this score is 
required [31].

While patients should be reasonably healthy 
to undergo CRS and HIPEC, older age per se is 
not an absolute contraindication. However, older 
patients must be carefully assessed on the basis 
of their performance status [17]. Preoperative use 
of the Functional Assessment of Cancer Therapy 
questionnaire combined with Eastern Cooperative 
Oncology Group Performance may allow further 
enhanced prediction of treatment-related morbid-
ity and mortality [32].

Not surprisingly, lymph node involvement is a 
poor independent prognostic factor [25]. 
However, surgery may still be of benefit if the 
tumor is limited and complete cytoreduction can 
be achieved [17].

Table 28.2  Regions and scoring used for calculating the 
Peritoneal Carcinomatosis Index

Regions of the abdomen

Central
Right upper
Epigastrium
Left upper
Left flank
Lower left
Pelvis
Right lower
Right flank
Upper jejunum
Lower jejunum
Upper ileum
Lower ileum

Lesion size Score

No tumor seen 0
Tumor ≤0.5 cm 1
Tumor ≤5.0 cm 2
Tumor >5.0 cm or confluence 3

Total number of regions 13
Maximum PCI score 39
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As a general rule, if patients show disease pro-
gression while receiving current optimal sys-
temic chemotherapeutic treatment, cytoreductive 
surgery is unlikely to be beneficial in improving 
long-term outcomes [17]. On the other hand, 
patients who have had a complete response to 
neoadjuvant chemotherapy may also benefit less 
from CRS and HIPEC compared with those who 
have had a partial response to systemic treatment. 
Passot et  al. [33] reported on 115 patients with 
CPM and concluded that the degree of pathologi-
cal response to neoadjuvant chemotherapy may 
represent a new outcome for prognosis following 
treatment with curative intent.

28.7	 �Imaging

The staging, management plan, and follow-up 
to detect recurrence of CRC have been revolu-
tionized by advances in cross-sectional, nonin-
vasive imaging, particularly CT and more 
latterly magnetic resonance imaging and PET/
CT. Overall, CT has been the core imaging tech-
nique in CRC staging and has been central to an 
multidisciplinary team approach to optimize 
outcome. Likewise, in peritoneal assessment, 
CT remains the mainstay in diagnosing sus-
pected synchronous or metachronous peritoneal 
spread, and an awareness of the redistribution 
phenomenon, as outlined earlier, is helpful in 
image analysis. CT clearly identifies patients 
with distant metastases; high-volume, wide-
spread colorectal peritoneal carcinomatosis; and 
poor prognostic factors such as large-volume 
ascites and small-bowel obstruction. However, 
its sensitivity in detecting peritoneal implants is 
influenced by lesion size. Small nodules 
(<0.5 cm) are visualized only with a sensitivity 
of 11 %, in contrast to 94 % for lesions >5 cm 
[34]. Chang-Yun et al. [35] also showed that CT 
has a lower detection rate and a higher rate of 
underestimating of small-bowel lesions com-
pared with overall assessment of the abdomino-
pelvic region. It is well known that preoperative 
CT does not reliably predict resectability in 
peritoneal metastases, but interestingly, Rivard 
et al. [36] showed that while a single concerning 

radiological feature may not be associated with 
unresectability, patients who had two or more 
concerning radiologic features had a higher risk 
of unresectability (87.5 % vs. 36.4 %; P = 0.035). 
Concerning radiological features have been 
described as more than three resectable paren-
chymal hepatic metastases, evidence of biliary 
or ureteral obstruction, evidence of intestinal 
obstruction at more than one site, evidence of 
gross disease in the mesentery with several seg-
mental sites of partial small-bowel obstruction, 
large-volume disease in the gastrohepatic liga-
ment, and retroperitoneal lymphadenopathy 
[36, 37]. There is some evidence to suggest that 
combining PET and contrast-enhanced CT may 
yield better results and may prove to be a useful 
tool in selecting patients with CPM for CRS and 
HIPEC [38].

28.8	 �Laparoscopy

The main ongoing problem with CPM is the 
difficulty in preoperatively detecting diffuse, 
low-volume peritoneal disease, where exten-
sive involvement of the small bowel results in 
unnecessary laparotomy. For this reason, there 
has been an increasing interest in using lapa-
roscopy to assess the abdominal cavity when 
cross-sectional imaging is either equivocal or 
suggests that a patient may have resectable 
peritoneal metastases. A good correlation 
between open surgery data and a laparoscopic 
PCI score has been reported [39]. A recent 
paper by Iverson et al. [40] showed the benefits 
of laparoscopic staging in patients with 
colorectal carcinomatosis in reducing ineffec-
tual laparotomy and aiding in the selection of 
those most likely to benefit. Laparoscopy is 
theoretically attractive, but almost all patients 
will have already had a bowel resection with 
subsequent adhesions, thereby increasing the 
risks and limiting views of the peritoneal cav-
ity. Experienced units can balance the benefits 
against the risks, however, and marginal cases 
should be discussed with a peritoneal malig-
nancy unit; laparoscopy is best performed in 
such a unit.
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28.9	 �CPM and Liver Metastases

Extra-abdominal metastases limit the role of 
CRS and HIPEC. However, select patients with 
resectable peritoneal and liver metastases may be 
treated with curative intent. Elias et al. [41] con-
cluded that combined treatment of liver metasta-
ses and peritoneal metastases is feasible and 
beneficial in highly selected patients presenting 
with three or fewer liver metastases. Maggiori 
et  al. [42] also confirmed in their case-control 
study that patients with a PCI score <12 and three 
or fewer synchronous liver metastases had 
improved survival when synchronous liver resec-
tion was performed at the time of CRS and 
HIPEC.

28.10	 �What of the Future?

The increasing use of laparoscopic CRC resec-
tion presents new opportunities in patients with 
low-volume CPMs that are not detected during 
preoperative staging. In this situation, if the dis-
ease is limited and the tumor asymptomatic, sur-
gery can be deferred and the patient referred to a 
peritoneal malignancy treatment center. The ini-
tial ports should be inserted in the midline if there 
is any suspicion of peritoneal disease on CT, and 
ideally only midline ports are inserted if there are 
metastases because ports at this site can easily be 
resected during a subsequent laparotomy to treat 
or prevent port-site metastases.

A patient with a symptomatic primary obstruc-
tion, for example, and localized peritoneal dis-
ease of course requires defunctioning or primary 
tumor resection. Timely advice from a peritoneal 
malignancy center is recommended in these sce-
narios, and in many such cases systemic chemo-
therapy, a “trial of time,” and subsequent 
reassessment may help to clarify a way forward 
in this dynamic evolving field.

Another emerging concept is that of a “sec-
ond look” procedure for patients at risk of peri-
toneal metastases. Elias et al. [42] reported on 
41 patients who had “second look surgery” for 

a high risk of peritoneal disease based on 
three  factors  – namely, a perforated tumour, 
Krukenberg ovarian metastases, or limited peri-
toneal disease at the primary operation. All 41 
underwent systemic chemotherapy after the pri-
mary operation and had normal CT scans before 
the second look surgery. Peritoneal metastases 
were found in 60 % in the initial limited perito-
neal carcinomatosis group, 62 % in patients 
with Krukenberg tumors, and 37 % in the group 
with primary tumor perforation. The overall 
and 5-year disease-free survival rates were 
90 % and 44 %, respectively, suggesting that 
this strategy may be beneficial. The downside 
was a 2 % mortality and 9.7 % major morbidity 
in the 41 patients, despite treatment in an expe-
rienced, high-volume center. A randomized 
French trial of this second look strategy is 
underway.

Current HIPEC systems are expensive and 
complex in design and application, both of which 
are major barriers to routine availability. One 
possibility is that there will be an effective “off-
the-shelf” intraperitoneal chemotherapy agent 
readily available for any patient found to have 
unexpected resectable peritoneal metastases or 
any of the other high-risk factors described in 
this chapter.

Health care organizations all over the world 
are increasingly accepting the role and benefits of 
CRS and HIPEC in selects cases with peritoneal 
malignancy, particularly CPMs. The recent UK 
National Institute of Health and Clinical 
Excellence recommendation on colorectal carci-
nomatosis [5] resulted from an independent 
review of the available literature and is an excel-
lent source of information for those wishing to 
explore the evidence base.

There is an ongoing need to establish training 
programs for centers embarking on CRS and 
HIPEC. Initiatives previously developed for CRC 
may be required. The United Kingdom has dem-
onstrated an ability to address these challenges 
with initiatives such as the multidisciplinary team 
total mesorectal excision development program 
and Low Rectal Cancer national development 
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program [5] focusing on rectal cancer, and the 
National Training Program in Laparoscopic 
Colorectal Surgery [44]. A similar initiative is 
required to help establish and train peritoneal 
malignancy units to provide optimal care for 
appropriate patients.

The search continues for novel approaches to 
the management of the challenging problem of 
CPMs in advanced and recurrent CRC and peri-
toneal mesothelioma. Recent reports are encour-
aging, justifying hope for select patients 
(Table 28.3).

Table 28.3  Peritoneal malignancy tumor types and selection criteria for complete cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy (HIPEC)

Tumor type
Approximate 
incidence

Selection criteria for 
complete CRS + 
HIPEC

Importance of 
tumor markers HIPEC

Overall 
5-year 
survival

Pseudomyxoma 
peritonei from 
appendiceal primary

2–4 per million 
per year

PCI is not a prognostic 
indicator if the small 
bowel is disease free.
Histology of low-grade 
carcinoma peritonei is 
favorable, high-grade 
carcinoma less so, and 
appendix 
adenocarcinoma 
behaves more like a 
primary colon cancer.

Surveillance
In patients with 
low-grade 
histology, high 
preoperative 
tumor markers 
predict 
recurrence.

Mitomycin 60–80 %

CPMs Colorectal 
cancer: 600 per 
million per year
Resectable 
CPM
18 per million 
per year

PCI score ˂20
Small bowel is disease 
free on laparoscopy
Generally, a CPM that 
has not progressed 
while receiving 
chemotherapy or when 
there is a time lapse 
between the 
development of 
resectable peritoneal 
disease and treatment 
of the primary tumor
Poorly differentiated 
adenocarcinoma with 
signet cells have a 
poor outcome

Surveillance Mitomycin or 
oxaliplatin

20–30 %

Peritoneal 
mesothelioma

1 per 5 million 
per year

If complete 
cytoreduction is 
feasible on 
laparoscopy
The multicystic variant 
has the best outcome. 
Some patients with 
epithelioid 
mesothelioma may be 
suitable but those with 
biphasic and 
sarcomatoid variants 
are unlikely to benefit.

Surveillance Cisplatin + 
doxorubicin

30–40 %
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Retrorectal Tumors

N. Chéreau and Y. Parc

29.1	 �Anatomy

The retrorectal space is limited by the posterior 
surface of the rectum, the sacrum, the line of 
peritoneal reflection, and the levator ani. 
Laterally, the area is bounded by the ureters, iliac 
vessels, and sacral nerves.

During the embryonic period, multiple tissues 
(neuroectoderm and ectoderm) grow in the retro-
rectal space. In the case of abnormal develop-
ment of these different germ layers, retrorectal 
tumors (RRTs) can develop. Consequently, the 
retrorectal space may contain a heterogeneous 
group of benign and malignant tumors derived 
from embryological residues.

29.2	 �Pathology

The first case of an RRT, reported by Middeldorf 
[6] in 1885, involved a cystic RRT, correspond-
ing to a rectal duplication, in a 1-year-old child. 
Many classifications have been proposed, includ-
ing one described by Uhlig and Johnson  [7], 

distinguishing four etiological groups of RRT: 
congenital, neurogenic, bone, and various 
tumors. Dozois et al. [8] subdivided these cate-
gories into benign and malignant tumors 
(Table 29.1).

29.2.1	 �Congenital Tumors

Congenital tumors are the most common RRT: 
79 of every 120 (66 %), in the experience of the 
Mayo Clinic [1]. The classification described by 
Malafosse et al. [9] in 1977, then reviewed and 
corrected by Barthod et al. [10] in 1996, is used 
by the majority of authors:

•	 Vestigial tumors: cystic (epidermoid, dermoid, 
enteroid; e.g., hamartomas or rectal duplica-
tions) and noncystic (teratomas)

•	 Nonvestigial tumors: chordomas, hemangiomas

29.2.1.1	 �Vestigial Tumors
	(a)	 Dermoid and epidermoid cysts

Dermoid and epidermoid cysts (Fig.  29.1a) 
are typically benign and are frequently 
observed in women aged 40–50  years. The 
main risk is infection (30%) and can then be 
difficult to distinguish from peri rectal 
abscess. Epidermoid and dermoid cysts tend 
to be well circumscribed, with a thin outer 
layer. They contain stratified squamous cells 
and skin appendages [8, 11]. Unlike tailgut 
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cysts, they do not contain transitional or 
glandular epithelium. They are usually uni-
locular, filled with a clear liquid.

	(b)	 Enteroid (tailgut) cysts
Retrorectal hamartomas (tailgut cysts) or 
mucoepidermoid cysts (Fig.  29.2) are the 
most common cysts derived from endoderm 
and mesoderm. They are embryonic rem-
nants of the terminal portion of the primitive 
hindgut, located after the cloacal membrane 
(tailgut). The distal portion of the primitive 
hindgut is temporary and should fully regress 
at the seventh week of gestation. Failure to 
regress is one origin of tailgut cysts. The 
second possible source of a hamartoma is 
persistence of the neurenteric canal, which is 

formed from the union of the endoderm and 
mesoderm. This canal is formed the 19th day 
of gestation and is obliterated when the cau-
dal part of the notochord is completely 
formed. Persistence of this canal can be 
observed above the S2–S3 vertebrae in adults 
and may be the source of a congenital cyst. 
Histologically, the wall of these cysts can 
form from one or multiple types of epithe-
lium normally found in the gastrointestinal 
tract of adults and fetuses [8]. These cysts are 
defined by the presence of at least transi-
tional cells or cylindrical epithelium. 
Squamous epithelium is present in 75 % of 
cases, possibly as a result of metaplasia 
induced by inflammation [10, 11].

Table 29.1  Classification of retrorectal tumors by Dozois et al. [8]

Benign Malignant

Congenital tumors Developmental tumors: tailgut cyst (cystic mucinous 
hamartoma), teratoma, rectal duplication, epidermoid cyst, 
dermoid cyst
Anterior sacral meningocele

Chordoma
Teratocarcinoma

Neurogenic tumors Neurofibroma Neuroblastoma
Ependymoma
Schwannoma

Osseous tumors Giant-cell tumor Ewing sarcoma
Chondrosarcoma

Miscellaneous tumors Lipoma, leiomyoma, desmoid tumor
Hemangioma

Liposarcoma
Fibrosarcoma

Fig. 29.1  Epidermoid cyst on T1 axial and T2 sagittal sections on magnetic resonance imaging
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Enteric cysts occur predominantly in 
middle-aged woman and present with pain 
(often during defecation) or symptoms 
related to a mass in 50 % of cases. Rectal 
exam may identify an extrinsic mobile or 
fixed fluctuating lesion. The location is 
predominantly in retrorectal space, 
although tailgut cysts have been described 
in the perianal space, the buttocks, the 
postsacral space, and even anterior to the 
rectum. Macroscopically, most have multi-
cystic locules (80 %) and are well circum-
scribed but unencapsulated, usually 
starting in the retrorectal space. They 
rarely reach the rectal wall. The cysts can 
contain amorphous debris, keratin, or 
mucus (in the presence of mucus-secreting 
cells). Unlike teratomas, no calcifications 
are found. Inflammation is often present, 
whether acute or chronic (especially after 
trauma with cyst rupture), but it does not 
correlate with clinical symptoms. 
Malignancy is possible, in the form of ade-
nocarcinoma or squamous cell carcinoma 
(occurs in 7 % of enteric cysts) [7]. Various 
findings are usually seen on magnetic res-
onance imaging (MRI):

•	 �Median lesion in the retrorectal space, 
with possible forward and lateral 
development

•	 �Multilocular cyst and the presence of 
variably sized satellite cysts

•	 �Wall that is often visible, which can be 
enhanced with gadolinium

•	 �Varied signal: homogeneous, either a 
hyper signal relative to T1 and T2, or 
either an iso signal T1 and hyper or iso 
signal T2
Tailgut cysts differ from duplication 

cysts in that they do not have a well-defined 
muscular wall, myenteric plexus, or serosa, 
although smooth muscle fibers can be 
found in a single layer.

Duplication cysts can occur throughout 
the digestive tract, with a predilection for the 
small bowel. Cystic rectal duplication repre-
sents 5 % of all developmental cysts. They 
occur solely or in combination with different 
abnormalities (lumbosacral, urogenital, and/
or digestive). They can present either as a 
cyst (90–95 %) or a secondary bowel parallel 
to the normal digestive tract. Only the mes-
enteric edge of the duplication is in close 
contact with the main digestive wall. In 80 % 
of cases, however, the lumen does not com-
municate with the primary gastrointestinal 
tract (noncommunicating duplications). 
Retrorectal duplication cysts are usually not 
communicating. They must have two smooth 
muscular layers and a mucosa that is similar 
to the rectal mucosa, and they sometimes 
contain ectopic tissue (e.g., gastric mucosa in 
25 %, pancreatic tissue). Malignant transfor-
mation has been described [8].

	(c)	 Teratomas
Teratomas are the most common tumors in 
children. These are diagnosed in half of cases 
during the antenatal period using ultrasonog-
raphy. Teratomas are characterized by a 
combination of differentiated tissues derived 
from the three germ layers: ectoderm (squa-
mous and pilosebaceous annexes, brain and 
nervous tissue, glia, retina, and choroid 
plexus ganglion), endoderm (mucous, gas-
trointestinal, and lung, thyroid, salivary 

Fig. 29.2  Tailgut cyst onT1 and T2 axial sections on 
magnetic resonance imaging
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glands), and mesoderm (bone, cartilage, 
smooth muscle, fibrous and fatty tissue) [8, 
12, 13]. They can become malignant (10 %), 
forming teratocarcinomas, choriocarcino-
mas, and dysgerminomas [14].

29.2.1.2	 �Nonvestigial Tumors
	(a)	 Chordoma

Chordomas are the most common malignan-
cies of the retrorectal space [1, 15–18]. They 
develop from embryonic remnants of the 
notochord. Fifty to 60 % of chordomas are 
located in the sacrococcygeal region, but 
they can be located all along the spine. These 
tumors are rare (2–4 % of malignant bone 
tumors), frequently diagnosed in patients 
between 40 and 70 years old, and are more 
common among males (male-to-female ratio, 
2:1). These tumors have a low possibility for 
malignancy, with approximately 20 % meta-
static risk, but they can be very aggressive 
locally. They grow slowly and often are for-
tuitously discovered during a routine rectal 
or pelvic exam. Chordomas are lobulated 
gelatinous masses that invade and destroy 
adjacent bone structures, requiring radical 
resection to prevent recurrence. Computed 
tomography (CT) can show a large osteolytic 
soft-tissue mass in the sacrum and allow 
evaluation of the locoregional invasion. MRI 
characterizes this tumor with a hypo signal 
or intermediate signal in T1 and an hypersig-
nal in Fig. 29.3. Enhancement of the tissue 
component varies but is often moderate. 
Their prognosis is poor, and important 
sequelae occur after surgical resection 
according to the level of the bone and sacral 
nerve resection.

	(b)	 Meningocele
Meningoceles are rare, sporadic, and more 
common in women than men. The anterior 
sacral meningocele is the result of a herni-
ated dural sac in the presacral space, caused 
by a bony defect of the anterior wall of the 
sacrum. The sac communicates with the spi-
nal canal and is filled with cerebrospinal 
fluid. Patients can present with headache 
exacerbated by defecation, urinary symp-

toms, constipation, sacral pain, and some-
times meningitis. Other bone defects occur 
in 50 % of cases. CT reveals a well-circum-
scribed tumor and a watery, uniform cyst and 
confirms the bone defect.

29.2.2	 �Neurogenic and Bone Tumors

Neurogenic and bone tumors each represent 
approximately 10 % of RRTs.

29.2.2.1	 �Neurogenic Tumors
The main neurogenic tumors are mostly 
benign: solitary neurofibromas, schwannomas, 
and ganglioneuromas. Presacral plexiform 
neurofibromas can be part of the lesions 
observed in Recklinghausen type 1 disease. 
Malignant transformation is rare but can occur 
in 8–10 %. Surveillance with MRI is usually 
advised.

Schwannomas develop at the expense of the 
Schwann cells of the sacral nerve roots. They are 
rarely located in the presacrum. These are slow-
growing tumors and are usually discovered 
fortuitously. Schwannomas are mainly solitary 
but can be part of neurofibromatosis type 1  in 
5–15 %. Malignancy is rare. CT shows a well-
demarcated oval or spherical mass with sharp 
contours in the presacral space. Cystic alterations 
or intratumoral calcifications are possible. A 
schwannoma can present as an extension through 
a foramen that seems enlarged. On MRI, the 
tumor is typically hypointense in T1, hyperin-
tense in T2, and takes contrast. The signal may be 
heterogeneous in the case of a calcification or the 
presence of a cyst.

29.2.2.2	 �Bone Tumors
The most common bone tumors are benign giant-
cell tumors characterized by hypervasculariza-
tion and local aggressiveness. Malignant tumors 
include mainly sarcomas [19] and, especially in 
children, osteochondrosarcoma, chondrosar-
coma, and Ewing sarcoma. Because of their rela-
tively rapid growth, these tumors often reach a 
considerable size. The lungs are the preferential 
sites of metastasis.
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29.2.3	 �Mixed Tumors

Gastrointestinal stromal tumors, liposarcomas, 
extraabdominal desmoid tumors, adenocarcinomas, 
fibrosarcomas, and hemangiomas represent various 
mixed tumors. Fibromatosis (desmoid tumor) is 
also part of this mixed-tumor classification. The 
natural history varies from spontaneous regression 
to aggressive growth. The treatment objective for 
these lesions is not to resect at all costs but to stabi-
lize the lesion.

29.3	 �Diagnosis

The incidence of RRT is difficult to estimate 
because only small population a few articles with 
low numbers have been reported [2–5]. A general 
surgeon practicing outside a specialized center 
can expect to see just one RRT throughout his or 
her entire career. Table  29.2 summarizes the 
results of the main studies of RRTs.

29.3.1	 �Symptoms

Although the majority of RRTs are congenital, 
patients rarely have a family history of RRT 
(except for those with Currarino syndrome; see 

below). Asymptomatic for long time, RRTs are 
often discovered late, incidentally during a pelvic 
exam. Rectal examination can identify a retrorec-
tal mass (97 % of lesions in a series from the 
Mayo Clinic [1]). They are more common among 
middle-aged woman (25–45 years). This sex dif-
ference might be explained by the gynecologic 
surveillance of women.

The most common symptom is pelvic pain 
[20], which is sometimes increased by sitting and 
relieved by standing up. The rapid appearance of 
symptoms favors malignant transformation [1]. 
An RRT may also be revealed by signs of com-
pression of the adjacent organs (rectal fullness, 
constipation, tenesmus, dysuria, urinary fre-
quency, urinary retention, dyspareunia) or nerve 
root (sciatic pain). Another common presentation 
is fistula (30 % cases) [2, 20], which may then lead 
to a diagnosis of anal fistula or pilonidal disease 
and results in iterative procedures. In cases of 
recurrent perianal abscesses, clinicians should 
suspect an RRT and request MRI. Some lesions 
are responsible for dystocia; this is one reason to 
recommend resection of all RRTs – even benign 
and asymptomatic ones – in young woman. These 
RRT cysts (anterior sacral meningocele, teratoma, 
tailgut or dermoid cyst, or a combination of these) 
are rarely part of Currarino syndrome (the associ-
ation of an anorectal malformation or imperforate 

Fig. 29.3  Sacral chordoma on T1 and T2 sagittal sections on magnetic resonance imaging
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anus, a sacral bone defect, and a presacral mass). 
A genetic mutation for this autosomal-dominant 
disorder, located on the HLXB9 gene on chromo-
some 7q36, is found in 50 % of cases.

29.3.2	 �Radiology and Biopsy

Radiology has an important role in the diagnosis of 
RRTs, which are frequently found incidentally. CT 
usually shows a well-defined, unilocular or multi-
locular lesion dense with fluid, with thin walls, and 
no enhancement after contrast injection, allowing 
the diagnosis of a cyst. However, CT does not 
always distinguish between an RRT and a perirectal 
abscess (CT had 70 % accuracy in the series by 
Chéreau et al. [21]). MRI is the most efficient radio-
logic exam for the diagnosis of RRT, with a positive 
predictive value of 100 %. Compared with CT, MRI 
also provides more accurate preoperative assess-
ment of the nature and morphology of a lesion.

•	 Yang et  al. [22] conducted a retrospective 
study of 21 patients and proposed specific MRI 
criteria to distinguish benign and malignant 
tumors. Cystic benign tumors (14 patients) had 
the following characteristics: hypoT1, hyperT2 
(sometimes hyperT1 if mucus is present), cir-
cumscribed, regular limits, uni- (dermoid or 
epidermoid lesions) or multi-locular (hamarto-
mas). Malignant tumors (seven patients) were 
solid small lesions with a heterogeneous or 

hyper signal in T2, and irregular boundaries 
invading adjacent structures with contrast 
enhancement after gadolinium injection.

These data were confirmed by Chéreau et al. 
[21; a high density (solid), irregular contours, a 
heterogeneous signal extending above S3, con-
trast enhancement after gadolinium injection, 
and invasion of adjacent structures were also 
associated with malignancy.

Proctoscopy highlights the extrinsic compres-
sion of the posterior wall of the rectum but has 
little value in the diagnosis of RRT. However, it is 
useful to rule out rectal mucosal involvement or 
communication of the lesion with the rectal 
lumen, as occurs in rectal duplication. A fistula 
with a cyst may be seen on proctoscopy, but CT 
will give the most valuable information in such 
cases. Echo-endoscopy can provide a histological 
orientation (fluid or solid content) and clarify the 
relationship of the lesion with the rectum.

The role of preoperative biopsy is controver-
sial. Although some investigators reported no 
complications following biopsy, recent studies 
suggest that the risk of a disseminating malignant 
lesion and of infection results in a significant 
increase in morbidity after resection [1]. In cases 
of meningocele, biopsy can lead to life-threatening 
meningitis. Biopsies should be performed only if 
the lesions seem to be unresectable and have a 
potential pathological diagnosis that requires 
consideration of radiotherapy or chemotherapy. 

Table 29.2  Results of the main studies of retrorectal tumors

Series, year Study period Participants, n

Malignant 
tumors,  
n (%)

Kraske procedure/
abdominal 
approach/Kraske 
and abdominal 
mixed

Morbidity, 
n (%)

Recurrence, 
%

Grandjean, 2008 [5] 1989–2005 30 0 (0) 23 6 (20 ) 7
Gao, 2011 [35] 2001–2009 36 6 (17 ) 26/8/2 8 (22 ) 11 
Glasgow, 2005 [3] 1981–2003 34 8 (24 ) 11/14/9 5 (15 ) 24 
Woodfield, 2007 [4] 1998–2006 27 7 (26 ) 12/11/4 4 (15 ) 11 
Buchs, 2007 [28] 1994–2003 16 0 (0) 16/0/0 1 (6 ) 6 
Localio, 1979 1964–1979 20 12 (60 ) 4/3/13 5 (25 ) 5 
Westbrook, 1982 [29] 1972–1981 19 6 (32 ) 19/0/0 8 (42 ) 0
Chereau, 2013 1997–2011 47 9 (19 ) 42/3/2 4 (9 ) 6 
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Apart from this indication, performing a biopsy 
on RRT is not recommended [20].

29.4	 �Treatment

With the risk of chronic pain, bleeding, infection, 
compression of adjacent organs, and especially 
the risk of malignant transformation, the current 
consensus is to propose complete surgical exci-
sion of all RRTs. A multidisciplinary team 
(colorectal surgeon, orthopedic surgeon, plastic 
surgeon, neurosurgeon, radiologist, oncologist, 
and radiation oncologist) should evaluate and 
treat large tumors with local invasion.

29.4.1	 �Surgical treatment

Since the Mayo Clinic report [1], treatment has 
been based on complete surgical excision of any 
RRT to avoid the risk of complications and recur-
rence. However, this is an unusual surgery, with 
specific risks because of anatomic relationships, 
the risk of rectal bleeding (presacral veins), and 
sometimes the risk of mutilation when a large 
excision is required for malignant tumors. An R0 
resection with negative resection margins is the 
primary goal. This may require multivisceral en-
bloc resection when malignancy is suspected.

A surgical approach should be planned based on 
preoperative imaging. Two approaches are possi-
ble: posterior or anterior. The choice is determined 
by the size and position of the tumor, its morphol-
ogy, and signs of possible malignancy (invasion of 
the sacrum or adjacent organs) [23–30].

•	 Indications for the posterior (transsacral) 
approach (Kraske procedure) [27–30] are lim-
ited to RRTs in the lower part of the presacral 
space, below S2 (Fig. 29.4).

•	 The abdominal approach is reserved for high 
tumors or if an invasion of the rectum or adja-
cent organs is suspected [30]. Woodfield et al. 
[4] proposed an algorithm for a surgical 
approach based on the position and size of the 
tumor, its neoplastic nature, and invasion of 
adjacent structures, all of which are determined 

by preoperative MRI.  In their series of 27 
patients, 11 lesions located at or below S3 with-
out local invasion required only a perineal inci-
sion. When the lesion was larger than 10 cm or 
difficult to access, an S4–S5 coccygectomy 
was performed. An abdominal approach was 
used for lesions above the S3 or with adjacent 
organ invasion. In cases of invasion of the 
sacrum, a combined approach was preferred. 
However, Chéreau et  al. [21] reported total 
resection of lesions above the S3 using the 
Kraske procedure in five patients. Thus an 
upper limit of the tumor above S3 does not 
seem to be an absolute contraindication for a 
Kraske incision. An abdominal approach is 
reserved for high lesions and malignancies, for 
which a wider excision seems necessary.

The Kraske procedure allows better exposure 
of the tumor, if necessary, with a coccyx resec-
tion. Complete excision of cysts is associated 
with less risk of tumor rupture [21]. Specific 
postoperative morbidities after a Kraske proce-
dure include [29, 30] pain when sitting (in rela-
tion to a sacral osteitis) (5–10 %) [21], especially 
after resection of a large malignant tumor, anal or 
urinary incontinence (lesions of the ventral roots 
of the third and fourth sacral nerves), and abscess 
(4.8 %) [21]. The risk of recurrence varies greatly 
depending on the study and the histology of the 
lesion (2.6 % are benign and 22.2 % are malig-
nant [21]), with overall survival close to 100 %; 
however, adequate resection margins are essen-
tial [21, 33]. This observation reinforces the need 
for optimal surgical technique and wide excision. 
Several authors recommend a systematic coccy-
gectomy [32], but increased risk of recurrence in 
the absence of coccygectomy has not been dem-
onstrated, and most authors consider a lack of 
adhesion of the tumor to the coccyx requires con-
sideration of resection without excision of the 
coccyx [21, 31]. Moreover, it should be noted 
that coccygectomy is not associated with a higher 
risk of postoperative pain [21].

The contribution of laparoscopy [23–26] to 
the removal of an RRT, particularly to reduce 
postoperative pain, deserves to be studied in large 
series. However, the risks of tumor rupture and 
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Fig. 29.4  Posterior approach. (a) Position. (b) Coccygectomy. (c) Rectal dissection
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incomplete resection, especially for large tumors 
or tumors low in the presacral space, can increase 
the risk of recurrence. Similarly, the intimate 
contact of an RRT with the posterior wall of the 
rectum increases the risk of rectal perforation. 
Duclos et al. [34] recently reported a series of 12 
patients undergoing laparoscopic resection 
(including two malignant tumors) with low mor-
bidity, with two conversions and one ileostomy 
performed for rectal perforations.

29.4.2	 �Chemotherapy 
and Radiotherapy

Some larger solid tumors, such as sarcomas, are 
at high risk of metastatic disease, and neoadju-
vant chemotherapy is indicated. Approximately 
33 % of patients respond with reduced tumor vol-
ume, facilitating more conservative surgery [8].

Postoperative irradiation may be considered to 
reduce the incidence of local recurrence after sar-
coma resection [8]. If the initial surgery was mac-
roscopically incomplete, extended resection (most 
often associated with anterior resection) can be 
discussed before irradiation. Similarly, postopera-
tive radiotherapy reduces the risk of local recur-
rence for chordoma. In the case of a retrorectal 
gastrointestinal stromal tumor near the sphincter, 
neoadjuvant initamib treatment can be discussed.

29.5	 �Prognosis

Overall survival for a benign RRT is close to 
100 % in most studies. Recurrence and malignant 
transformation are possible, requiring a long 
follow-up, particularly for multilocular cysts. 
The Mayo Clinic study [1] estimated the risk of 
recurrence at 15 % after a follow-up of 10 years. 
One recurrence (2.6 %) after excision of a devel-
opmental cyst was seen by Chéreau et  al. [21] 
after 71 months (range, 2–168 months) of follow-
up; this occurred after four recurrences (11 %) in 
the study by Hjermstad et al. [2] and in 7 % in the 
study by Grandjean et al. [5].

The risk of local recurrence for malignant 
tumors reached 50 % in some studies [15], with a 

disease-free survival of 17 % at 5  years. Two 
malignant lesions recurred (22 %) at 3 and 
9 months and were treated by chemotherapy in 
the study by Chéreau et al. [21]. Chordomas are 
among the most aggressive tumors. About a third 
of patients develop distant metastases. Early 
studies reported a 10-year survival of less than 
20 % and a 96 % risk of recurrence [16].

With advances in the diagnosis and therapeu-
tic management of RRTs, including a more 
aggressive surgical strategy (bloc resection, coc-
cygectomy), the prognosis for patients with chor-
domas has improved significantly. Bergh et  al. 
[17] reported a series of 39 patients, a survival 
rate of 84 % at 10 years and a recurrence rate of 
44 %. The largest study to date, involving 400 
chordomas [18], found a 5-year survival of 67 % 
and a 10-year survival of 40 %.
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Stomas and Stomatherapy

Harald R. Rosen

30.1	 �Introduction

Fecal diversion by constructing a stoma is a com-
mon procedure in colorectal surgery. While a 
permanent stoma as a treatment for rectal cancer 
has decreased markedly since the introduction of 
sphincter-saving techniques, a variety of indica-
tions still lead to the construction of intestinal 
stomas. While the first historical reports about 
the treatment of penetrating abdominal injuries 
date back to the thirteenth century, the eighteenth 
and nineteenth centuries saw a change from mere 
exteriorizations of intestinal lacerations to elec-
tive formations of ileostomies, cecostomies, and 
left inguinal colostomies for large bowel obstruc-
tions [1]. Following the next “milestone” of a rod 
introduced by Maydl, which led to the creation of 
the loop colostomy in 1884, it took more than 
60  years until mucocutaneous sutures and the 
immediate opening of a stoma were accepted as 
the method of choice [11]. At the same time, 
Koernig, a German student studying chemistry 
and suffering from the side effects of an ileos-
tomy performed because of ulcerative colitis, 
developed a bag made of rubber and fixed to the 
skin with a latex preparation, thus leading to the 
emergence of modern stoma appliances. While 

the principle of the “Koernig bag” remained a 
standard for many years, more effective sealing 
materials – first karaya gum and later Stomahesive 
and similar hydrocolloids – have led to the pres-
ent state of the art of stoma appliances.

30.2	 �Definitions and Indications

Stomas may be permanent or temporary and can 
be created either as a loop, double barrel, or end 
stoma using a part of the small (ileostomy) or 
large (colostomy) bowel.

30.2.1	 �Indications for a Permanent 
Stoma

•	 Abdominoperineal excision of the rectum for 
rectal cancer, recurrent anal cancer, or severe 
inflammatory bowel disease of the anorectum

•	 Untreatable persistent fecal incontinence

30.2.2	 �Indications for a Temporary 
Stoma

Contrary to previous applications, when a tem-
porary stoma was used as the first step of treat-
ment in emergency situations (colonic 
obstruction, acute diverticulitis, fulminant ulcer-
ative colitis), most patients today will be treated 
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by definitive surgical resection immediately [12, 
13]. Therefore, forming a temporary stoma as a 
sole procedure should be reserved only for those 
few patients with a massive obstruction and in 
such a general condition that they cannot tolerate 
a resection.

Formation of a temporary stoma is limited to 
those patients in whom either a primary anasto-
mosis might be not desirable (Hartmann proce-
dure, double-barrel stoma following resection in 
selected patients) or in whom it would serve as a 
so-called protective or covering stoma. However, 
stoma reversion should be feasible within an 
acceptable time period [2].

•	 Protection of low rectal or anal anastomoses
•	 Need to delay primary anastomoses until a 

later time (Hartmann procedure, double-barrel 
stoma)

•	 Complicated perianal and/or rectal fistula
•	 Penetrating colorectal injuries
•	 Extensive trauma to the pelvic floor
•	 Congenital malformations (anal atresia)

30.2.2.1	 �Efficacy of a Protective 
Stoma

There is controversy regarding the efficacy of a 
protective stoma today. Experimental and clini-
cal data show evidence that the fecal stream has 
an important beneficial effect on anastomotic 
healing, leading to a higher anastomotic strength 
and increased collagen synthesis [6]. It is widely 
accepted that loop stomas in particular do not 
result in a complete fecal exclusion of the bowel, 
which should be covered; therefore the use of a 
temporary stoma for protective purposes is 
being questioned. Furthermore, recent data 
show the safety of elective colorectal surgery, 
even without bowel preparation, with the intro-
duction of early feeding and activation of peri-
stalsis [14, 15].

In contrast to these observations, low rectal 
anastomoses are regarded as being at higher risk 
for leakage. Data from randomized trials suggest 
that although covering stomas do not influence 
the insufficiency rate, serious life-threatening 
infections might be prevented [2, 4, 8].

However, it must be taken into account that in 
large series only two-thirds of all temporary sto-
mas were closed, whereas more than 30 % of all 
patients kept their stoma permanently (e.g., 
because of the underlying primary disease, old 
age, a poor general condition) or died before clo-
sure [2]. In addition, closure of a stoma is not a 
procedure devoid of problems; the complication 
rate ranges form 16 to 35 %, with a mortality of 
0–4 % [16, 21]. The most common complications 
are wound infections, fistulas, and incisional her-
nia; bowel obstruction and peritonitis have also 
been observed.

In general defunctioning, although the role of 
stomas in preventing anastomotic dehiscence is 
still controversial, they are regarded as being able 
to reduce the clinical consequences following 
anastomotic leakage (sepsis, peritonitis) [17, 18].

30.2.2.2	 �Loop Ileostomy or Loop 
Colostomy?

In the 1980s many surgeons started to favor loop 
ileostomies to avoid problems associated with 
colostomies (i.e., higher incidence of parastomal 
hernias and/or stoma prolapse, incisional hernias 
following stoma closure, easier application of 
appliances with ileostomies). While some con-
trolled studies with a limited number of patients 
showed evidence of a lower complication rate 
associated with the formation and subsequent 
closure of ileostomies (lower rates of infections 
and incisional hernias) [3], other data show a 
decrease in the number of obstruction problems 
following reversal of colostomies [7]. 
Furthermore, it must be emphasized that for the 
mere decompression of an obstructing process in 
the colon or rectum, an ileostomy (if the ileocecal 
valve is still competent) can sometimes be insuf-
ficient. However, construction of a transverse 
loop colostomy or loop sigmoidostomy is techni-
cally so difficult – especially in obese patients – 
that an ileostomy is preferable.

The choice of the type of loop stoma is there-
fore influenced by individual patient factors: 
anatomy, weight and size, indication(s) for the 
formation of a loop stoma, and time until stoma 
closure [8, 19].
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30.3	 �Stoma Construction

30.3.1	 �Stoma Site and Preoperative 
Counseling

The optimal location for a stoma is a prerequisite 
for satisfying function and an acceptable applica-
tion of stoma appliances. The site depends on the 
anatomic position and type of stoma, scars, and 
the patient’s build and dressing habits.

Anatomic sites of stomas (present surgical 
standard):

Ileostomy: over the right rectus muscle, half-
way between the umbilicus and the anterior 
superior iliac spine, lying just below the mid-
line and well away from the symphysis pubis 
and costal margin. If the right side is not 
accessible (e.g., scars after previous opera-
tions), a trephine can be performed in the left 
rectus muscle.
Transverse colostomy: usually brought 
through the rectus muscle just right of the 
midline, well above the umbilicus but a safe 
distance from the costal margin.
Sigmoidostomy: Through the left rectus mus-
cle away from the inguinal ligament, midway 
between the umbilicus and the anterior supe-
rior iliac spine.

In elective stoma formation (or even when 
there is a possibility for the need of a stoma), it is 
mandatory to define the site preoperatively using 
ink and a stoma bag.

The optimal position should be marked while 
the patient is sitting and standing, and with regard 
to the patient’s usual clothing. A specialized 
stoma therapist should counsel the patient and 
the surgeon during this step to achieve an optimal 
position.

Preoperative counseling by a stoma therapist 
who also follows the patient postoperatively and 
after hospital discharge is mandatory to reduce 
the negative effects of a stoma on quality of life 
(QOL). This includes introducing stoma appli-
ances, irrigation sets (if applicable), and dietary 
recommendations to the patient and his/her rela-

tives as well as communicating with the patient, 
the family doctor, and the surgeon during follow-
up. Organized “patient stoma groups” are also 
available in some countries and have been proven 
to be beneficial to allay patients’ concerns and 
fears preoperatively and to reduce postoperative 
problems, especially with regard to health care 
providers (e.g., insurance problems).

30.3.2	 �Surgical Techniques

30.3.2.1	 �Conventional (Open) 
Surgery

•	 Insert a straight trephine through the abdomi-
nal wall (dimensions: one thumb for an end 
stoma, two fingers for a loop stoma).

•	 Excise a cylinder of subcutaneous fat together 
with skin.

•	 Divide the rectus sheath and the rectus muscle 
(parallel to the muscle fibers). For colosto-
mies, a cruciate incision of the rectus sheath 
may be advisable to create sufficient space for 
the sometimes bulky bowel. Avoid pulling the 
stoma lateral of the rectus muscle (increased 
risk of parastomal hernia).

•	 Divide the posterior rectus sheath and the 
peritoneum.

•	 Dissect the ileum as close as possible to the 
ileocecal valve for an end ileostomy (avoids a 
large volume of secretions)

•	 Mobilize the stoma and its mesentery (vascu-
lar supply) through the abdominal wall with-
out any tension.

•	 Close the lateral gutter with sutures between 
the bowel wall, mesentery, and lateral perito-
neum to prevent the formation of an inner her-
nia (however, this is not uniformly accepted 
practice).

•	 Fixate the stoma with absorbable mucocuta-
neous sutures and with a rod for loop stomas 
(all sutures  – even if absorbable  – must be 
removed after a period of 7–10 days to avoid 
an inflammatory peristomal reaction as well 
as the formation of granulomas). Stoma rods 
in loop stomas can lead to pressure ulcers and/
or necrosis of the posterior wall, especially in 
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obese patients. In this context, the placement 
of a subcutaneous 16 or 18 F suction drain 
with the points of entry and exit just beyond 
the circumference of the flange seems to be an 
interesting approach. Using this easy method, 
the stoma flange can be applied immediately 
after the operation, thus preventing skin prob-
lems during the early postoperative period 
[20].

30.3.2.2	 �Laparoscopic Surgery
Laparoscopic stoma formation might be indi-
cated either as part of a laparoscopically per-
formed colorectal resection or (in rare cases) as a 
therapy on its own [5]. (The Hartmann procedure 
can be used for complicated fistula disease, fecal 
exclusion for severe pelvic soft-tissue infections, 
and palliative treatment for malignant colorectal 
obstructions). If indicated, however, laparoscopi-
cally constructed stomas have been shown to be 
beneficial with regard to a short hospital stay an 
easier reversion of the stoma (if possible).

•	 A pneumoperitoneum can be created either by 
a conventional technique (Veress needle) or 
by preparing the trephine for an “open” 
approach.,

•	 Trocars are placed for laparoscopic colorectal 
surgery (usually three 10- to 12-mm trocars 
or the single-indication laparoscopic 
technique)

•	 Ileostomies can be easily produced after iden-
tifying the terminal ileum by grabbing the 
bowel with an atraumatic Babcock clamp and 
pulling it through the abdominal wall while 
the trocar is retracted. Special caution must be 
used to ensure the trocar channel is suffi-
ciently wide for a loop ileostomy as there is a 
risk of stenosis.

•	 Colostomies need more surgical preparation 
in terms of either mobilization and/or dissec-
tion of the mesocolon to achieve stoma forma-
tion without tension.

•	 The Hartmann procedure requires the addi-
tional use of a laparoscopic stapling device to 
close the rectal stump.

30.4	 �“Continent” Stomas

There has been no discussion that a stoma will 
lead to a significant impairment of QOL, and 
various studies have shown its negative impact on 
the different domains of daily life [9, 10]. 
Depending on individual factors (social status, 
geographic origin, religion, lack of stoma thera-
pists), this can lead to a complete deterioration of 
a patient’s QOL. Therefore there have been con-
tinuous efforts to create stomas in which the 
evacuation of the bowel content can be volun-
tarily controlled by the patient; however, only 
those that have gained some prominence in the 
literature and in routine practice are mentioned 
here.

30.4.1	 �Stoma Irrigation

While irrigation of a colostomy has been con-
troversial among patients in the past, introduc-
tion of an easy-to-handle device has led to the 
increased popularity of this method in some 
countries. The great advantage of irrigation is 
that bulky appliances are not needed (the stoma 
is simply covered by a cap), and it enhances the 
patient’s body image, leading to an improve-
ment in QOL. It does, however, require a certain 
level of intelligence, toilet facility, and stoma 
design, as well as a certain training period with 
the assistance of a specialized stoma therapists. 
Therefore the acceptance of this effective 
method of bowel control varies among European 
countries.

30.4.2	 �Colostomy Plug

A recently developed two-piece occlusive 
device is supposed to be able to occlude a stoma 
sufficiently and even absorb flatus. After initial 
enthusiastic reports, this method has been 
accepted mainly by patients who undergo irri-
gations achieve control of flatus (in more than 
90 %).
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30.4.3	 �Total Anorectal 
Reconstruction

The construction of a perineal colostomy (“neo-
anus”) is a possibility [9], especially for patients 
whose body image (“abdomen without a bag”) 
is of the utmost importance. Various procedures 
have been described in the literature, including a 
simple stoma implanted into the perineum, the 
construction of a colonic conduit, and the for-
mation of a muscle wrap (“neosphincter”) 
around the perineal colostomy using skeletal 
muscles (the gracilis or gluteus muscle). To 
achieve acceptable continence, these muscles 
have also been stimulated by an implanted neu-
romuscular stimulation system connected to a 
subcutaneous implanted pulse generator 
(dynamic graciloplasty). Because the major 
problem in patients following total anorectal 
reconstruction was the problem of voluntarily 
emptying their neorectum, almost all patients 
have to undergo regular irrigations, either retro-
grade via the perineal colostomy or antegrade 
via an appendicostomy or a colonic conduit 
(Malone procedure). Despite these and other 
problems (soiling, need for a pad), patients with 
a functioning total anorectal reconstruction 
report a high degree of satisfaction and a marked 
improvement of their QOL.

30.4.4	 �Kock Ileostomy

In most patients surgical therapy aims to pre-
serve the anal canal, thus leaving the possibility 
for reconstruction by ileal pouch anal anastomo-
sis. Still, some patients have to undergo the for-
mation of a permanent ileostomy. For these, the 
Kock ileostomy provides the possibility to over-
come many of the problems associated with a 
permanent ileostomy. However, the construc-
tion is a technically demanding operation; revi-
sion rates for valve slippage range from 7 % to 
25 %, and serious complications such as obstruc-
tion, sepsis, and fistula have been reported. 
Although QOL (especially in young patients) is 

significantly improved by a functioning Kock 
stoma, metabolic problems, valve slippage, and 
inflammation of the pouch are potential prob-
lems with this method.

30.5	 �Stoma Complications

30.5.1	 �Early Complications

30.5.1.1	 �Stoma Necrosis
Stoma necrosis is usually caused by an 
impaired vascular supply due to technical 
problems during stoma formation or high ten-
sion and occurs within the first days following 
surgery. It must be distinguished from superfi-
cial focal necrotic areas around some mucocu-
taneous sutures in the mucosa of the stoma, 
which have no clinical significance. However, 
total wall necrosis of a stoma is a major prob-
lem because it can lead to retraction of the 
bowel wall into the abdominal wall or even 
into the peritoneum. Early diagnosis and the 
formation of a new, well-vascularized stoma 
are the only therapeutic options.

30.5.2	 �Late Complications

30.5.2.1	 �Skin Excoriation 
and Infection

Skin excoriation is associated with liquid stomal 
effluent and/or badly fitting appliances (some-
times as a result of a bad stoma site). Patients 
with skin problems should be managed by cut-
ting the wafer as close as possible to the circum-
ference of the stoma in order to avoid any contact 
of the skin with bowel content. Sometimes it is 
also necessary to selectively fill existing skin 
depressions with the wafer, thus preventing 
leakage.

A peristomal skin infection must be managed 
depending on the extent of the problem: local 
antibiotic ointments, local drainage, resitting the 
stoma, or forming a more proximal “covering” 
stoma.
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30.5.2.2	 �Stenosis
Stenosis rarely responds to dilatation. 
Refashioning is the only solution over the long 
term.

30.5.2.3	 �Parastomal Hernia
A wide trephine to achieve a loop colostomy 
(especially in obese patients), obesity, and/or an 
increase in intra-abdominal pressure; a stoma site 
lateral to the rectus muscle; and delaying stoma 
closure in temporary loop stomas are the com-
mon reasons why parastomal hernias develop. In 
temporary stomas, stoma closure should be 
achieved as the most effective therapy. In perma-
nent stomas, parastomal hernias must be treated 
if appliances do not fit appropriately anymore or 
if obstruction problems arise. The most success-
ful strategy is resitting the stoma on the contralat-
eral abdominal side; however, local repair might 
be indicated in patients who are not candidates 
for a laparotomy or in whom the contralateral 
side is not appropriate for stoma placement 
(scars, infection). Direct repair of the abdominal 
wall defect as well as mesh repair have been 
reported, with varying results. Recent reports 
suggest the use of a reinforcing mesh during the 
formation of a permanent stoma to reduce the 
rate of parastomal hernia [22, 23].

30.5.2.4	 �Prolapse
The etiology of prolapse is not completely under-
stood, but it is thought to occur mainly in patients 
in whom the bowel was significantly dilated dur-
ing stoma formation (e.g., because of obstruc-
tion). After reducing the bowel size, a defect 
remains in the abdominal wall, which allows the 
stoma to slip. While manual reposition might be 
necessary in the acute situation, definitive surgi-
cal treatment is indicated in most patients over 
the long term. Local reduction of the prolapsed 
bowel (amputation, colopexy) should be reserved 
only for unfit patients or those willing to undergo 
new stoma formation, for whom the long-term 
results are unsatisfying.

30.5.2.5	 �Ileostomy Flux
Ileostomy flux is characterized by water/fluid 
discharge of a total volume more than 1.5 L in 

24 h and requires repeated emptying of the stoma 
bag to avoid leakage. The etiology of ileostomy 
flux can be a too-proximal small-bowel stoma 
(jejunostomy), short bowel syndrome, intra-
abdominal sepsis, gastroenteritis, intestinal 
obstruction, or– in many patients  – completely 
unknown. Since this complication can quickly 
become life-threatening because of dehydration 
and insufficient absorption of necessary medica-
tions, early admission and intravenous fluid 
replacement are recommended. Oral intake of 
water, sweet drinks, and salt aggravates secre-
tion, and therefore the consumption of isotonic 
electrolyte drinks up to a total volume of 1L/day 
is recommended. In addition, drugs such as 
codeine and somatostatin analogues are helpful 
in special situations.
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Endoscopy: Diagnostics, 
Therapeutics, Surveillance, New 
Techniques

Søren Meisner and Evangelos Kalaitzakis

31.1	 �Introduction

Endoscopy means “to look inside” and refers to 
an examination of the interior of a canal or hollow 
organ by means of an endoscope using a light 
delivery system to illuminate the organ under 
inspection. The light source is outside the body 
and the light is directed via a fiber optic system. 
Then, the image is transmitted through a lens sys-
tem and in flexible systems through a fiberscope 
to the viewer. a camera at the distal end of the 
optical system was recently developed to project 
findings onto a monitor or screen. Therapeutic 
endoscopes have an additional channel to allow 
the entry of instruments used for biopsy or 
therapy.

Flexible endoscopy of the colon and rectum 
was introduced in 1963. The procedure is a pri-
mary diagnostic and therapeutic tool for the eval-
uation and treatment of colorectal diseases.

Endoscopy of the colon and rectum has 
become a discipline with an infrastructure built 
upon many areas of medicine, including internal 
medicine, general practice, gastroenterology, sur-
gery, pathology, radiology, and pediatrics.

31.2	 �Diagnostic Endoscopy 
of the Colon and Rectum

31.2.1	 �Sigmoidoscopy

Sigmoidoscopy is the direct examination of the rec-
tum, sigmoid colon, and descending colon (≤70 cm) 
using a flexible fiber optic endoscope [1–3].

31.2.1.1	 �Indications
Common indications include:

•	 Screening for colorectal cancer
•	 Evaluation of patients with lower gastrointes-

tinal (GI) bleeding
•	 Evaluation of suspected lower GI pathology
•	 Evaluation of suspected inflammatory disease 

of the colon and rectum
•	 Decompression of sigmoid volvulus
•	 Cancer surveillance after surgical resection/

endoscopic resection (to rule out local intralu-
minal recurrence)

31.2.1.2	 �Contraindications
Few absolute contraindications exist. 
Sigmoidoscopy should be avoided in high-risk 
situations, including

•	 Severe diverticulitis (unless carcinoma is 
highly suspected)

•	 Acute peritonitis
•	 Toxic megacolon/toxic colitis
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•	 Severe cardiopulmonary disease (acute or 
recent myocardial infarction)

•	 Signs of intestinal perforation
•	 Massive GI bleeding (in an unstable patient)
•	 Severe coagulopathy

Sigmoidoscopy is also not indicated if there is 
a clear indication for colonoscopy or if the patient 
refuses.

31.2.1.3	 �Patient Preparation
On the basis of information given to the patient, 
informed consent must be received. Key points 
when explaining the investigation cover goals, 
technique, risks, and alternatives.

Several options are available for bowel prepa-
ration; 90 % adequate bowel preparation can be 
obtained by a single phosphosoda enema several 
minutes before the procedure. Sedatives, narcot-
ics, or anesthetics are not necessary in the major-
ity of cases, and after the examination patients 
can resume their prior level of activity.

31.2.1.4	 �Complications
Sigmoidoscopy is very safe and complications 
are rare. Occasionally reported adverse events 
include local pain, bleeding, bacteremia, cardiac 
arrhythmia, and bowel perforation (in <0.01 %).

31.2.1.5	 �Report Chart
Endoscopy report should include various pieces 
of information:

•	 Indication
•	 Type of instrument
•	 Adequacy of bowel preparation
•	 Premedication used, antibiotic prophylaxis (if 

given)
•	 Most proximal bowel segment examined
•	 Appearance of the mucosa
•	 Abnormalities

–– Polyps (number, size, appearance) 
(Fig. 31.1)

–– Pseudopolyps
–– Hemorrhagic areas
–– Ulcers
–– Neoplastic or obstructing lesions 

(Fig. 31.2)
–– Diverticula (Fig. 31.3)

–– Friable regions
–– Lipomas
–– Angiodysplasia (Fig. 31.4)
–– Spasms
–– Fissures
–– Hemorrhoids (Fig. 31.5)
–– Blood
–– Pus
–– Others

•	 Therapeutic procedures performed
•	 Biopsy sites
•	 Complications
•	 Recommendations/plan

31.2.2	 �Colonoscopy

The designation of a “diagnostic” or “therapeu-
tic” procedure can only be assigned after the pro-
cedure. It is generally unacceptable to perform 
diagnostic procedures without the skill to also 
perform the therapeutic maneuvers that are likely 
to be indicated. All colonoscopists must be 
trained in polypectomy and must perform colo-
noscopy with the intent to clear the colon of pol-
yps at the initial examination [1–3].

31.2.2.1	 �Indications
In clinical practice, opinions differ regarding indi-
cations for colonoscopy. Standard indications are:

•	 Evaluation of an abnormality seen on barium 
enema or virtual colonoscopy

Fig. 31.1  Large rectal polyp
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•	 Evaluation of unexplained GI bleeding
–– Melena after an upper GI source has been 

excluded by gastroscopy

–– Presence of fecal occult blood (positive 
fecal occult blood test)

–– Unexplained iron-deficiency anemia
•	 Follow-up/surveillance after polypectomy for 

adenomas
•	 Follow-up/surveillance after colorectal cancer 

resection
•	 Clearing the colon of synchronous neoplasia 

(polyps or cancer) in patients with colorectal 
cancer

•	 After identification of adenomas on 
sigmoidoscopy

•	 Follow-up/surveillance of ulcerative colitis
•	 Follow-up/surveillance of Crohn’s colitis
•	 Colorectal cancer screening
•	 Chronic inflammatory bowel disease of the 

colon (to make a more precise diagnosis or 
determine the extent and activity of disease)

•	 Significant diarrhea of unexplained origin
•	 Intraoperatively to identify a lesion that is not 

apparent during surgery

31.2.2.2	 �Generally Accepted 
Nonindications/Relative 
Indications

•	 Irritable bowel syndrome
•	 Acute self-limited diarrhea
•	 Stable inflammatory bowel disease (except in 

cancer surveillance)
•	 Melena with clear suspicion of an upper GI 

source
•	 Hematochezia with an anorectal source clearly 

seen on sigmoidoscopy

Fig. 31.2  Colon cancer

Fig. 31.3  Colonic diverticula

Fig. 31.4  Angiodysplasia

Fig. 31.5  Hemorrhoids
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•	 Surveillance after curative resection for colon 
cancer, to rule out a cancer recurrence on the 
suture line

•	 Routine evaluation before elective noncolonic 
abdominal surgery with no symptoms related 
to the colon or rectum

31.2.2.3	 �Contraindications
•	 There are similar to those for sigmoidoscopy 

but also include situations where the patient is 
unable to cooperate and/or cannot be ade-
quately sedated.

31.2.2.4	 �High-Risk Situations 
(Relative Contraindications)

•	 Uncontrolled lower GI bleeding (hemody-
namic instability)

•	 Recent colorectal surgery/immediate postop-
erative stage

•	 Multiple pelvic surgeries in the past
•	 Severe chronic obstructive pulmonary disease 

or severe arteriosclerotic heart disease
•	 Acute or recent myocardial infarction/pulmo-

nary embolism
•	 Very large and/or symptomatic abdominal 

aortic aneurysm
•	 Pregnancy in the second or third trimester

31.2.2.5	 �Patient Preparation

Informed Consent on the Basis 
of Information Given to the Patient
•	 Patient preparation is similar to that for sig-

moidoscopy and includes providing the patient 
with a description of the technique and infor-
mation about the possibility of biopsy, polyp-
ectomy, and other applicable procedures.

Bowel Preparation
Thorough bowel cleaning is mandatory. A wide 
variety of methods use dietary restrictions with 
various purgatives and laxatives. Diet and cathar-
tics, gut lavage, and phosphates are three com-
monly used options.

Diet and Cathartics
The patient should ingest clear liquids for 72 h or 
a low residual diet for 1–3 days. Cathartics such 

as magnesium citrate and bisacodyl should be 
used. A tap-water enema should be administered 
the evening or morning before the procedure.

Gut Lavage
Peroral gut lavage with osmotically balanced 
electrolyte solutions such as polyethylene glycol 
electrolyte lavage solution (volume, 2–4  L; 
lavage rate, 1.5 L/h) should be performed. Several 
adverse experiences have been reported, includ-
ing disagreeable taste, hypothermia, feeling of 
fullness, nausea, bloating, aspiration, reactivation 
of bleeding, esophageal tear, perforation, pill 
malabsorption, and allergic reaction (angio-
edema, urticaria, anaphylaxis).

Phosphates
Phosphates are available as solutions or tablets – 
an attractive alternative because of the lower vol-
ume that must be ingested. Oral sodium 
phosphates (45  mL) diluted with water (to 
90  mL) should be administered the evening 
before and repeated 4 h before colonoscopy. The 
solution is very hypertonic. Adverse experiences 
have been reported and include electrolyte distur-
bances, hyperphosphatemia, hypocalcemia, vom-
iting, dehydration, colonic aphthous ulcerations, 
and seizures.

Contraindications for colonoscopy bowel 
preparation

•	 Preparation should not be performed if there is 
a contraindication for colonoscopy or if a gas-
tric or bowel obstruction is suspected. Gut 
lavage should be avoided in gastroparesis.

An increased risk to bowel preparation exists 
in patients with congestive heart failure, ascites, 
renal insufficiency, dehydration, debility, GI 
obstruction, gastric retention, colitis, megacolon, 
and ileus; those who are unable to take oral fluid; 
and those taking diuretics or medications that 
affect electrolytes.

Premedication and Sedation
Based on tradition, culture, and economics, 
acceptance of colonoscopy can differ from 
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country to country. Sedation and analgesia are 
commonly provided for colonoscopy. The goal 
is to increase the patient’s tolerance for the pro-
cedure and to increase the satisfaction of both 
the patient and endoscopist. Standard sedation 
(a combination of a narcotic and benzodiaze-
pine) is safe and effective when administered 
by the endoscopist. Propofol provides excellent 
patient and endoscopist satisfaction. It can 
cause profound apnea, however, and needs to 
be administered by an anesthesiologist or oth-
ers with special/similar training. Colonoscopy 
can be done without sedation in selected 
patients.

31.2.2.6	 �Special Considerations
The risk for bacteremia during colonoscopy is 
low. There is not complete consensus on antibi-
otic prophylaxis for bacterial endocarditis in 
patients undergoing colonoscopy. It is common 
to administer antibiotics to patients with pros-
thetic valves or a history of endocarditis. Several 
accepted regimens can be used, depending on 
local guidelines.

31.2.2.7	 �Complications
Major Complications
•	 Perforation (estimated at 0.14–0.8 %)
•	 Hemorrhage (negligible; 0–0.5 %)
•	 Respiratory depression (oversedation, espe-

cially in patients with chronic lung disease)
•	 Bacteremia (incidence varies from 0% to 0.5 %)

Other Complications
•	 Vasovagal reactions
•	 Splenic laceration
•	 Transient electrocardiography changes
•	 Dehydration resulting from bowel cleansing
•	 Volvulus
•	 Explosion of combustible gases in the colon 

(hydrogen, methane) when in contact with an 
electric spark

31.2.2.8	 �Report Chart
The report chart for colonoscopy is similar to that 
for sigmoidoscopy (refer to the “Report Chart” 
section related to sigmoidoscopy earlier in this 
chapter).

31.2.2.9	 �Alternatives to Diagnostic 
Colonoscopy

Virtual Colonoscopy
Computed tomography (CT) is the preferred 
method for image acquisition. Some centers use 
magnetic resonance imaging. Bowel preparation 
with complete cleansing of the colon together 
with colonic insufflation of gas is required for 
“virtual” colonoscopy using CT.

Virtual colonoscopy has several indications/
clinical roles:

•	 Evaluation of the colon after incomplete con-
ventional colonoscopy

•	 Evaluation of the colon secondary to an 
obstructing neoplasm

•	 Evaluation in patients who are not fit for con-
ventional colonoscopy (chronic obstructive 
lung disease, bleeding diathesis, allergic reac-
tions to sedation)

•	 Contribute to colorectal screening
•	 Patients who refuse colonoscopy

Double-Contrast Barium Enema
•	 A double-contrast barium enema has a higher 

risk of missing colorectal cancer than colo-
noscopy. It has a sensitivity of about 50 % for 
adenomas. This procedure does not allow for 
biopsy or treatment.

A double-contrast barium enema is most 
appropriate for low-prevalence populations and 
indications if imaging of the colon is necessary 
(patients younger than 50 without a family his-
tory of colorectal cancer and nonbleeding symp-
toms for instance).

31.3	 �Therapeutics

31.3.1	 �Polypectomy

The ability to find and remove colon polyps is 
one of the major reasons for colonoscopy. 
Removal of polyps has affected the incidence, 
morbidity, and mortality of colorectal cancer [1–
3]. A safe polypectomy is one that:
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•	 Removes the polyp through transection with a 
snare loop

•	 Achieves hemostasis using heat/coagulation
•	 Maintains the integrity of the colon wall

31.3.1.1	 �Snare Loops
Snare loops are available in a wide variety of 
shapes and sizes. Colonoscopists should be 
familiar with a few types.

Polypectomy Technique
Anyone undertaking colonoscopy with polypec-
tomy is recommended to read dedicated text-
books describing therapeutic endoscopy in detail. 
One should be aware of a few important steps:

•	 Mark the handle at the point where the snare is 
just closed at the tip. This makes it possible to 
estimate the tissue volume in the closed snare.

•	 Check for a smooth “feel” when moving the 
handle to open and close the snare. Provide 
maximum feedback to the assistant control-
ling the snare.

•	 Be aware of the thickness of the snare wire; 
this greatly affects the speed of electrocoagu-
lation and transection of the polyp.

•	 Be aware of the squeeze pressure. If it is inad-
equate, transection will rely on high-power 
cutting, increasing the risk of bleeding due to 
insufficient coagulation of stalk vessels.

31.3.1.2	 �Additional Devices

Hot Biopsy Polypectomy Forceps
These forceps are used to destroy small polyps 
(≤5  mm in diameter), enabling simultaneous 
cautery of a polyp base while obtaining a biopsy 
specimen.

Polyp Retrieval
Polyps can be retrieved using various tools:

•	 Nylon net
•	 Multiprong grasping forceps
•	 Polyp suction trap

Injection Needles
Needles can be used to inject various fluids:

•	 Saline
•	 Adrenaline-saline
•	 India ink (to tattoo a polypectomy site)

Dye-Spray Cannulas
•	 Dye-spray cannulas are requested for chromo-

endoscopy (CE) (see Sect. 5.3)

Clipping Devices
Clipping devices are used for a few indications:

•	 Hemostasis after polypectomy
•	 Prevent bleeding

Nylon-Loop Devices
Nylon-loop devices can be used in various 
circumstances:

•	 Strangulation of a polyp stalk (to prevent 
bleeding)

•	 Treatment of bleeding after polypectomy

31.3.1.3	 �Complications of 
Polypectomy

Bleeding

Immediate Bleeding
Immediate bleeding is usually a slow ooze but it 
can be an arterial spurt. This is usually treated by 
injection of adrenalin-saline solution. Stalk 
bleeding can also be treated by resnaring the rem-
nant stalk. Hemostatic clips can be applied to the 
polyp transection area.

Secondary (Delayed) Hemorrhage
Delayed bleeding can occur up to 2 weeks after 
polypectomy, particularly after the removal of 
larger polyps. It usually is self-limiting but may 
require re-endoscopy and hemostatic treatment.

“Post-Polypectomy Syndrome”
This syndrome is characterized by fever, pain, and 
localized signs of peritonitis/peritonism. It repre-
sents a “closed perforation,” with full-thickness 
heat damage to the bowel wall. Conservative treat-
ment with bed rest and antibiotics is indicated, and 
the syndrome rarely requires surgical intervention.
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Frank Perforation
Frank perforation is rare. Management is often 
conservative, depending on the area and localiza-
tion of the polyp base. A surgeon should always 
be consulted.

31.3.2	 �Placement of Self-Expanding 
Metal Stents

Self-expanding metal stents (SEMSs) are used 
for the nonsurgical relief of a malignant colorec-
tal obstruction [4]. Obstruction occurs in 8–25 % 
of patients with colorectal cancer. An emergency 
operation is associated with a high morbidity rate 
(up to 60 %) and a mortality rate up to 22 %, and 
often results in a temporary or permanent colos-
tomy, which affects quality of life.

The need for alternative procedures is obvi-
ous. The placement of SEMSs is a procedure that 
has quickly become more widespread because it 
avoids a high-risk emergency operation and 
reduces the need for a colostomy.

31.3.2.1	 �SEMS: Two Main Techniques 
for Placement

Radiological Placement
The obstruction is located fluoroscopically using 
a water-soluble contrast medium. The stricture is 
then passed with a guide wire, over which the 
stent is inserted into the obstruction and released 
under fluoroscopic guidance. Depending on the 
outer diameter of the application system and the 
degree of the obstruction, some surgeons dilate 
the stricture with a balloon.

Combined Endoscopic/Fluoroscopic 
Placement
The distal/anal end of the obstruction is docu-
mented endoscopically and, if indicated, biopsy 
can be done. If the obstruction cannot be passed 
with the scope, the length and configuration of 
the stenosis are demonstrated fluoroscopically by 
injecting water-soluble contrast. After this, the 
obstruction is negotiated with a guide wire. The 
stent delivery system is then inserted through the 

scope, and the stent is released under both 
endoscopic and fluoroscopic guidance. If the 
application system cannot pass the working chan-
nel of the scope, it has to be removed after the 
guide wire is placed. The stent is then inserted 
under fluoroscopic control.

31.3.2.2	 �SEMS: Two Main Indications

Bridge to Surgery
Instead of emergency surgery, a SEMS is placed 
as a preoperative decompression, securing nor-
mal bowel function. It allows the patient to be 
clinically stabilized. The patient’s comorbid ill-
nesses and the extent of malignancy can be 
addressed. In addition, it allows preoperative 
chemoradiation therapy to be administered. If the 
patient is a candidate for elective surgical treat-
ment, the stent remains in place until surgery, 
when the stent is resected en bloc with the tumor. 
If the patient is a poor candidate for surgical 
resection because of underlying illnesses or has 
unresectable or widely metastatic disease discov-
ered by imaging studies, the SEMS can serve as 
the final palliative treatment.

Palliation
Palliation of patients with advanced malig-
nancy can be a challenge. Surgery may be con-
sidered inappropriate in this group of patients, 
who are often frail and whose comorbid condi-
tions may not be fully optimized preoperatively. 
Surgical palliative procedure has been shown to 
have a significant mortality rate. Candidates for 
colonic SEMS placement are patients with 
colorectal cancer who have extensive local or 
metastatic disease with a relatively short life 
expectancy. In addition, patients with large-
bowel obstruction secondary to noncolonic pel-
vic malignancies (e.g., bladder, prostate, or 
ovarian carcinoma) or metastatic disease (e.g., 
breast carcinoma) can be palliated with a 
SEMS.  Several series have demonstrated suc-
cessful palliation of obstruction, avoiding 
colostomy in 85–100 % of patients. The stents 
effectively palliated obstruction for more than 
1 year.
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31.3.2.3	 �Complications of SEMS
Complications may occur during the procedure, 
either early or late after placement. Major early 
complications such as perforation (<4 %) and 
bleeding (<5 %) are rare. Two types of complica-
tions are mainly seen now: reobstruction (10 %) 
caused by tumor ingrowth, which can be treated 
with restenting, and distal stent migration (10 %), 
which may be completely asymptomatic; if 
obstructive symptoms occur, a new stent can be 
placed in the tumor stricture. The procedure-
related mortality is very low (0.5–1 %).

31.4	 �Surveillance

31.4.1	 �Postpolypectomy Surveillance

Removal of colon polyps will, to a large extent, pro-
tect the patient from developing carcinoma by inter-
rupting the adenoma-carcinoma sequence [5–9].

Not all patients have the same likelihood of 
developing metachronous adenomas. Therefore, 
follow-up colonoscopic examinations needs to 
take into account each patient’s risk for develop-
ing metachronous advanced adenomas.

Postpolypectomy surveillance strategies 
should be tailored accordingly, and patients 
should be stratified into high- and low-risk groups 
after a high-quality baseline colonoscopy with 
complete removal of all detected neoplastic 
lesions (Table 31.1). The crude risk for advanced 
adenomas during follow-up is estimated to 
15.5 % in the high-risk group compared with 
6.9 % in the low-risk group.

31.4.1.1	 �Recommendations 
for Benign Polyps

High-quality complete colonoscopy should be 
performed at the time of the initial polypectomy 
to detect and resect all synchronous adenomas.

•	 Additional clearing colonoscopies may be 
required after resection of large sessile adeno-
mas, or if the colonoscopist is not reasonably 
confident that all adenomas have been found 
and removed, as, for example, in the case of 
poor bowel cleansing.

•	 Surveillance colonoscopy is performed accord-
ing to a risk stratification, see Table 31.1

•	 Endoscopic follow-up is recommended within 
6  months following piecemeal resection of 
adenomas >10 mm in size, before initiating a 
surveillance program according to Table 31.1.

•	 In high-risk patients, after one negative fol-
low-up surveillance examination, colonos-
copy intervals may be increased to 5 years.

•	 If surveillance colonoscopy is not feasible/
possible, flexible sigmoidoscopy followed by 
virtual colonoscopy may be an acceptable 
alternative.

•	 It is important to individualize follow-up sur-
veillance according to the patient’s age and 
comorbidities. It is considered reasonable to 
discontinue endoscopic postpolypectomy fol-
low-up at age 80 years, or earlier, depending 
on life expectancy.

31.4.1.2	 �Recommendations 
for Malignant Polyps

Because the risk for local recurrence of or for 
lymph node metastasis by invasive carcinoma in 
an endoscopically resected polyp is less than the 

Table 31.1  Surveillance strategies stratified according to 
risk level

High-
risk 
group

Adenomas Colonoscopy interval: 
3 years � Villous 

histology
 � High-grade 

dysplasia
 � ≥1 cm in size
 � Multiple (≥3)
 � Serrated 

polyp ≥ 10 mm 
in size and/or 
with dysplasia

Low-
risk 
group

Adenomas Colonoscopy
 � One or two 

small (<1 cm), 
tubular-type 
tumors

10 Years after the index 
colonoscopy (in or out of 
a national screening 
program)

 � No low-grade 
dysplasia

 � Serrated polyp 
<10 mm in size 
and without 
dysplasia
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risk of death from colonic surgery, no further 
treatment is indicated after endoscopic resection 
of a malignant polyp if the endoscopic and patho-
logical criteria listed in Table 31.2 are fulfilled.

All patients with malignant polyps should be 
discussed in multidisciplinary meetings per local 
guidelines. Follow-up endoscopic examination 
should be done in about 3 months to check for 
residual abnormal tissue at the polypectomy site 
(it can be useful to mark the polypectomy site 
with India ink). After one negative examination, 
standard surveillance, as recommended for 
benign polyps, must be established.

31.4.2	 �Colonoscopy Surveillance 
After Colorectal Cancer 
Resection

After a curative operative resection for colorectal 
cancer, colonoscopy follow-up is frequently per-
formed with the intention of detecting cancer 
recurrence and removing new adenomas (to pre-
vent metachronous cancers from developing) 
[10]. However, it is not certain that interval repeat 
colonoscopy following colon cancer resection 
indeed detects recurrence at a stage when a sal-
vage operation can be performed successfully. 
The optimum intervals for colonoscopy have to 
be defined. The same questions are raised for 
metachronous carcinoma prevention in terms of 
effectiveness and optimum intervals.

In patients operated on to cure colorectal can-
cer, one-third to one-half will have recurrent can-
cer, but intraluminal recurrences (which can be 

seen on endoscopy) are relatively uncommon, 
occurring in only 3–14 % of cases.

Recommendations
All patients must have a full colonoscopy in the 
perioperative period. This examination detects 
synchronous cancers and adenomas. If it is nor-
mal, subsequent colonoscopy should be offered 1 
year postoperatively and every 3–5 years thereaf-
ter. There is no evidence for shorter intervals, and 
it is not indicated to use colonoscopy to detect 
intraluminal local recurrent cancer. Anastomoses 
recur in only 2 % of colon cancers and are gener-
ally accompanied by intra-abdominal disease that 
cannot be resected as a cure.

31.5	 �Techniques in Endoscopic 
Imaging

Efforts have been directed toward the earlier 
diagnosis of GI neoplasia at the dysplasia level 
[11–17]. The limitation of previous conventional 
white-light endoscopy (WLE) was that it could 
not detect occult dysplasia, differentiate hyper-
plastic from adenomatous polyps, or easily detect 
recurrence at the scar site of previously snared, 
flat, spreading villous adenomas.

New endoscopic technology to improve 
mucosal visualization has recently been devel-
oped. The improved lesion detection allows the 
endoscopist to provide real-time visual diagno-
sis. Improvements in image resolution, software 
processing, and optical filter technology have 
resulted in high-definition endoscopy and optical 
contrast techniques such as narrow-band imag-
ing, flexible spectral imaging color enhancement, 
and iScan. Table 31.3 gives an overview of com-
mercially available imaging techniques and their 
clinical applications.

31.5.1	 �High-Definition White-Light 
Endoscopy

High-definition (HD) endoscopes produce 
images with a resolution of more than 1 million 
pixels compared with older standard-definition 

Table 31.2  Endoscopic and histopathology criteria iden-
tifying excised malignant polyps with no need for further 
treatment

The polyp is considered completely excised by the 
endoscopist and is submitted in toto for pathological 
examination
It should be possible to accurately determine the depth 
of invasion, grade of differentiation, and completeness 
of excision of the carcinoma
The cancer is not poorly differentiated
There is no vascular or lymphatic involvement
The margin of the excision is not involved
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endoscopes, with a resolution of only 100,000–
400,000 pixels. High-resolution endoscopes 
magnify the images about 30-fold, and zoom 
endoscopes can magnify the optics up to 150-
fold while maintaining image display resolution. 
Digital zoom (electronic magnification) results in 
decreased image resolution. Most conventional 
endoscopes have a digital zoom up to twofold.

HD endoscopy enables the endoscopist to 
view finer mucosal and vascular details as a result 
of improved image resolution. It has yield rates 
comparable to those of other mucosal enhance-
ment techniques, including dye-based and elec-
tronic CE.

31.5.2	 �Magnifying Endoscopy

Magnification colonoscopy allows visualization 
of the minute structures of the colonic surface. 
There are two types of magnifying 
colonoscopes:

•	 One with an adjustable focusing system that 
provides both a conventional image and a 
magnification factor of ×10 to ×35

•	 One with two separate optical systems manipu-
lated by a control on the head of the scope: one 
system provides a conventional image, the other 
produces an ultrahigh magnification (×170)

Table 31.3  Commercially available imaging techniques and their clinical applications

Technique Technology Tissue target Applications
High definition High pixel density, fast 

line scanning (sharper 
images)

Surface enhancement, 
high image resolution, 
fewer artifacts

Comparable to other 
enhancement techniques 
(dye-based and computerized 
chromoendoscopy)

Magnification (zoom) Optical magnification 
×150

Detailed pit pattern, 
villous structure, 
vascular details

Neoplasia characterization

Electronic chromoendoscopy
 � Narrow-band imaging Filter reduces 

wavelength to 415 and 
540 nm
Improves contrast 
between vasculatures 
and mucosa

Improved vascular 
contrast of capillaries 
and enhanced mucosal 
structure

Neoplasia characterization

 � FICE/iScan Proprietary image 
processing algorithm on 
white-light images 
(spectral emission 
methods)

Structural and vascular 
enhancement

Seems to have applicability 
similar to narrow-band imaging

 � Autofluorescence 
endoscopy

Excitation light 
(370–470 nm) and 
green light (540–
560 nm) are radiated 
sequentially
Activates endogenous 
fluorophores and light is 
selectively detected and 
displayed as a 
pseudo-color image

Red-flag technology for 
the detection of 
dysplasia or early cancer 
(displayed as magenta 
on the pseudo-color 
image)

Detection of neoplasia

Confocal laser endoscopy Laser light is focused 
via a pinhole
An image is produced 
by the same light 
reflected via the same 
pinhole

High image resolution 
to the level of 
subcellular structures

Identification of neoplastic 
lesions during endoscopy

FICE Fujinon intelligent chromoendoscopy
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The combination of CE and magnifying colo-
noscopy is used to classify and characterize 
neoplasia.

31.5.3	 �Chromoendoscopy

Chromoendoscopy (CE) is a technique in which 
tissue stains or dyes are applied to the gastrointes-
tinal mucosa. It may or may not be combined with 
magnification endoscopy or high-resolution 
endoscopy. The purpose of using CE is threefold:

•	 To detect abnormalities that cannot be seen 
without it

•	 To characterize those abnormalities
•	 To delineate the margins of those abnormalities

Classification of Tissue Stains Used in CE
Tissue stains can be classified into three catego-
ries (Table 31.4):

•	 Absorptive stains (vital stains): identify spe-
cific epithelial cell types or cellular constitu-
ents by preferential entry into cells

•	 Reactive stains: identify cellular products 
(e.g., a change in the color of a pH indicator)

•	 Contrast stains: are not absorbed by epithelial 
tissue and highlight tissue topography by 
pooling in epithelial crevices and depressions

31.5.4	 �Computerized Virtual 
Chromoendoscopy

In contrast to dye-based CE, computerized vir-
tual CR uses either real-time postprocessing filter 
algorithms or a rotating filter placed in front of 
the light source to enhance visualization of sur-
face structures and vasculatures. Three different 
systems are commercially available: narrow-
band imaging (NBI; Olympus Corp., Tokyo, 
Japan), FICE (Fujinon intelligent CE; Fujinon, 
Tokyo, Japan), and iScan (Pentax, Tokyo, Japan).

31.5.4.1	 �Narrow-band Imaging
Switching from WLE mode to NBI mode occurs 
by mechanically inserting the narrow-band filter 

in front of the xenon arc lamp. The final compos-
ite NBI image is displayed by feeding the 415-
nm image into the blue and green channels and 
the 540-nm image into the red channel of the 
monitor. NBI thereby improves visualization of 
surface characteristics.

NBI can be used to characterize colorectal 
polyps. Training with NBI may improve the abil-
ity of endoscopists to identify more mucosal 
abnormalities than they can visualize with con-
ventional WLE.  Until recently there was not 
enough evidence to justify the routine use of NBI 
because of its relatively poor light intensity. A 
new generation of NBI processors (290 and 190 
series) with a higher NBI light intensity is now 
available and might change this.

The use of NBI in dysplasia detection in 
patients with long-standing ulcerative colitis is 
not clear, and recent guidelines from the European 
Society of Gastrointestinal Endoscopy recom-
mends HD WLE with dye-based CE.

31.5.4.2	 �FICE and IScan
FICE enhances the visualization of mucosal 
structures and microcirculation by selecting a 
spectral transmission with a dedicated wave-
length. The FICE system is software driven and 
uses a proprietary image-processing algorithm 
based on spectral emission methods. It comes 
with ten presets that can be customized and con-
figured from a large number of wavelength 
permutations.

iScan is a digital contrast method based on 
postprocessing algorithms applied on white-
light images. It has three modes of image 
enhancement. Surface-enhancement mode 
improves structural appearance by recognizing 
edges, contrast enhancement mode augments 
differences between the structure and sections 
with depression, and tone enhancement mode 
helps enhance individual organ appearance by 
modifying the red, green, and blue components 
of each pixel.

The utility of FICE and iScan are still emerg-
ing, and it is likely that they will have the same 
applicability as NBI. Both FICE and iScan seem 
to be accurate for the characterization of colorec-
tal lesions but do not enhance adenoma yield.
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31.5.5	 �Autofluorescence Endoscopy

An autofluorescence endoscope has two separate 
charge-coupled devices (CCDs): one for WLE 
and one for autofluorescence imaging. WLE and 
autofluorescence imaging are turned on by a 
switch on the endoscope. Excitation light and 
green light are provided by a xenon arc lamp via a 
rotation filter. A barrier filter placed in front of the 
CCD removes reflected excitation light. The result 
is false-color image that shows normal mucosa as 
green and dysplastic/cancerous tissue as magenta.

Autofluorescence endoscopy has the potential 
to be used as a red-flag technique in the detection 
of neoplasia. Limiting factors are high false-
positive rates in CE, low-resolution images and 
jerky video, the inability to visualize subsurface 
features, and false-positive artifacts in the colon 
caused by fecal remnants.

31.5.6	 �Confocal Laser 
Endomicroscopy

The Pentax confocal laser endomicroscopy 
(CLE) system is integrated into the tip of a con-
ventional endoscope. They are still used but are 
not produced anymore. A probe-based CLE 
(Cellvizio; Mauna Kea Technologies, Paris, 
France) comes with different sizes of mini-probes 
that can be advanced through the working chan-
nel of endoscopes to examine the upper and lower 

GI tracts and can also be used in mini-scopes to 
visualize the pancreatobiliary duct systems.

CLE provides high-resolution microscopic 
images at a subcellular resolution (confocal means 
alignment of both the illumination and collection 
systems in the same focal plane: laser light is 
focused through a pinhole at the selected depth via 
the same lens). Intravenous fluorescein is used to 
contrast cellular, subcellular, and connective tissues 
and vessel architecture at a high resolution. Nuclei 
are not stained by fluorescein, and other dyes such 
as acriflavine or cresyl violet can be used as adjuncts 
to fluorescein to obtain better definition.

CLE is not in routine clinical use but is used in 
research protocols. A steep learning curve is 
associated with the use of this technology. Its 
limited field of view also makes it unsuitable as a 
red-flag technique. HD endoscopy and dye-based 
or virtual CE is needed to identify suspicious 
areas before CLE evaluation. Cost-effectiveness 
data for this technology are also awaited, and 
additional studies are needed before it can be 
applied in routine clinical practice.

31.5.7	 �Miscellaneous Imaging 
Techniques

31.5.7.1	 �Raman Spectroscopy
Raman spectroscopy (RS) is able to provide a 
biochemical “fingerprint” of tissue by measuring 
the molecule-specific inelastic scattering of light. 

Table 31.4  Types of tissue stains

Category Stain Mechanism Example
Absorptive Lugol solution Stains epithelial cells or cellular 

elements by preferential entry into 
cells

Stains glycogen in normal cells in the 
esophagus

Methylene blue Stains actively absorbing cells in 
the intestine and colon

Enters normal absorptive tissue

Cresyl violet Absorbed by the glands of 
Lieberkühn

Stains margins of pits on the mucosal 
surface of the colon

Reactive Congo red Identifies cellular products Changes color from red to dark blue 
or black in an acidic environment 
(pH < 3)
Combined with methylene blue it 
“bleaches” neoplastic cells

Contrast Indigocarmine Highlights tissue topography Distinguishes diminutive polyps, 
detects flat lesions of the colonic 
mucosa
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RS requires the illumination of a tissue sample 
with a monochromatic laser and subsequent col-
lection and analysis of the scattered light to deter-
mine intensity and wavelength. The Raman 
spectrum is a direct function of the molecular 
composition of the interrogated volume within 
the tissue, producing a complex molecular finger-
print. The majority of biological molecules are 
Raman active, each with their own fingerprint. 
RS is highly sensitive to subtle biochemical and 
molecular changes, which is vital in the differen-
tiation of tissue samples.

Raman probes small enough to fit down the 
biopsy channel of an endoscope and enabling 
rapid evaluation of tissue have been developed 
and tested. Experimental research has been per-
formed to determine whether RS can be used to 
discriminate between normal colonic mucosa, 
hyperplastic polyps, adenomatous polyps, adeno-
carcinomas, and ulcerative colitis. Encouraging 
results have been achieved, but the technique is 
not yet ready for clinical use.

31.5.7.2	 �Light-Scattering 
Spectroscopy

An important pathological feature as tissue 
becomes dysplastic is an increase in nuclear size, 
nuclear density, and nuclear crowding. Light-
scattering spectroscopy detects nuclear size using 
a point spectroscopy multifiber probe, which is 
touched lightly to the surface being tested. Light-
scattering spectroscopy is a relatively simple 
optical spectroscopic technique that provides 
structural (morphology) information about tis-
sue. It is based on white-light reflectance, in 
which incident photons on tissue are scattered 
back without a change in wavelength. 
Measurement of the relative backscattering inten-
sity of light over the wavelength spectrum of vis-
ible light has been shown to be sensitive to both 
tissue scatterers, such as cell nuclei and mito-
chondria, and tissue absorbers such as hemoglo-
bin. Because of the limited penetration depth of 
white light, morphological information is 
obtained primarily from the epithelial layers of 
tissue. Changes in the density and/or size of scat-
ters associated with tissue transformation can be 
measured by light-scattering spectroscopy and 
correlated with corresponding histopathologic 

diagnosis. The main advantages over fluores-
cence arise from a significantly stronger signal 
and the use of white light instead of a laser. A 
simplified and less expensive spectroscopic 
detection system can thus be used. Similar to 
point fluorescence spectroscopy, the primary 
drawback is the limited volume sampled by the 
optical probe. Nevertheless, rapid (<1 s) spectro-
scopic readings can be obtained with light-
scattering spectroscopy. Ongoing studies are 
promising, but the technique cannot yet be imple-
mented in clinical use.

31.5.7.3	 �Optical Coherence 
Tomography

Optical coherence tomography (OCT) or volu-
metric laser endomicroscopy is a biomedical 
imaging technique that enables cross-sectional 
imaging of biological tissues with a high spatial 
resolution (7–10 μm) and in near real time. OCT 
is analogous to B-scan ultrasonography, but the 
images are formed by detecting light (as opposed 
to sound) that is reflected back from subsurface 
tissue microstructures. The resolution of current 
OCT systems is nearly tenfold greater than that 
of high-frequency endoscopic ultrasound – high 
enough to identify microscopic features such as 
villi, glands, crypts, lymphatic aggregates, and 
blood vessels. The price to be paid for this 
remarkable resolution is a limited imaging depth 
of about 2–3 mm. OCT probes 2.0 mm in diam-
eter and similar to endoscopic ultrasound probes 
are passed down the biopsy channel of a conven-
tional scope and placed near the tissue to be 
examined. In the GI tract, OCT has been used to 
image the esophagus, stomach, small and large 
intestines, and biliary and pancreatic ducts. 
However, much of the experience and practical 
utility with OCT has been with esophageal, bili-
ary, and pancreatic duct imaging.

It has been shown that adenomas in the colon 
had significantly less structure and scattered light 
to a lesser degree than hyperplastic polyps, and 
that hyperplastic polyps were significantly closer 
in organization and light scattering to normal 
mucosa compared with adenomas. Other studies 
have characterized OCT findings in the normal 
colon, ulcerative colitis, Crohn’s disease, and 
radiation proctitis. Since OCT gives an image of 
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all the layers of the colonic wall, it might be use-
ful in diagnosing transmural inflammation in 
Crohn’s disease and enable this to be differenti-
ated from ulcerative colitis.

31.5.7.4	 �Endocytoscopy
Endocytoscopy (EC) is now commercially avail-
able. EC can provide cellular-level analysis with 
up to 1,400-fold magnification. The technology 
uses contact light microscopy and allows high-
level magnification of the superficial layers of the 
mucosa to a depth of about 50 μm. A fixed-focus, 
high-power objective lens projects onto a CCD a 
highly magnified image from a 0.5-mm-diameter 
sample. Two types of systems are available: (1) a 
probe-based, handheld miniprobe, providing 
magnification up to ×570 and ×1,400, which can 
be passed through the working channel of a con-
ventional endoscope, and (2) a system integrated 
into the distal tip of an endoscope, providing 
magnification up to ×580. The EC probe needs to 
be in contact with the tissue surface to acquire an 
image, and the system requires preparation of the 
mucosal layer with absorptive contrast agents 
such as methylene blue or toluidine blue. Some 
promising initial results have shown that EC can 
discriminate neoplastic from non-neoplastic tis-
sue. The interest in EC has not really taken off, 
maybe because of the requirement for topical 
staining, the relative lack of axial discrimination, 
and the low-resolution images compared with 
other microscopy techniques such as CLE.

31.5.7.5	 �Molecular Imaging
Molecular imaging is a new technique in 
endoscopy. Work on developing safe biomark-
ers and probes to detect molecular changes in 
cells with high specificity and accuracy is 
ongoing. Most molecular imaging studies are 
in the developmental and preclinical stages. 
Future studies are needed to confirm the long-
term safety and efficacy of these labeled 
molecular biomarkers.

�Conclusion

Endoscopy of the lower GI tract is a safe and 
commonly used diagnostic and therapeutic 
modality in coloproctology. Examples of com-

mon indications for therapeutic colonoscopy 
include removal of polyps, treatment of angio-
dysplasias, and insertion of stents through 
malignant strictures, whereas colonoscopy has 
a major role in follow-up after endoscopic pol-
ypectomy and surgical resection for colorectal 
cancer. Although CE has been in use for several 
years to detect and characterize mucosal 
lesions, new endoscopic imaging technologies 
have recently emerged, such as computerized 
virtual CE, autofluorescence endoscopy, and 
CLE.  Refinement of advanced imaging tech-
nologies is underway and, together with the 
development of new imaging techniques, holds 
promise for further improvement in the diagno-
sis of colorectal disease.
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Anal and Rectal Trauma

Donato F. Altomare

32.1	 �Introduction

Anal and rectal traumas are relatively rare (except 
as a result of iatrogenic damage) because of the 
anatomic position of the anorectum; it is pro-
tected by the pelvic bones, the sacrum, and the 
pelvic floor muscles. Owing to its relatively 
superficial position, the anus is injured more 
often than the rectum, but trauma involving the 
extraperitoneal rectum, although rare, are often 
more severe and extend to neighboring organs. 
As in any trauma, the aim of surgery is to pre-
serve life, followed by controlling infections and, 
in these cases, preserving fecal continence and 
evacuation function.

32.2	 �Etiology

•	 Blunt (closed) trauma: Rarely affects the anus 
or the rectum without involving the pelvic 
bones and is usually a consequence of motor 
vehicle accidents or accidental falls down 
stairs and from scaffolding.

•	 Childbirth: Cephalopelvic disproportion dur-
ing delivery can lacerate the vagina, tearing 

the perineal body. Midline episiotomy can 
facilitate the progress of the laceration through 
the sphincters, anal canal, and rectum and 
should be avoided. Although rare, wide lacer-
ation of the posterior midline of the vagina 
occurring during an unassisted delivery, par-
ticularly in rural environments, may create a 
cloacal deformity (Fig. 32.1); these are rarely 
repaired early, severely impairing the quality 
of sexual life and genitourinary infections.

•	 Ingested foreign bodies: Several small, sharp 
particles ingested voluntarily (such as nails 
eaten by psychiatric patients), or accidentally 
(fish or chicken bones, walnut husks, frag-
ments of glass, toothpicks, dentures) can reach 
the rectum and become trapped in the rectal 
wall or sphincter muscles, leading to perfora-
tion or abscess. Drugs wrapped in plastic pack-
ets are a new type of ingested foreign body. 
The package may break during endoscopic or 
surgical attempts to remove it, possibly caus-
ing a life-threatening drug overdose.

•	 Foreign bodies introduced through the anus: 
An amazing variety of oblong (phallic-like) 
objects have been introduced into the rectum 
and remained trapped above the anal sphinc-
ters  – the most frequently found are bottles, 
plastic dildos and vibrators, vegetables, elec-
tric light bulbs, pens, and glasses – usually in 
an attempt at autoerotism or during sexual 
assault. Sometimes thermometers can get lost 
in the rectum when measuring temperature in 
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children and may break, causing penetrating 
injuries to the rectal wall.

•	 Sexual assault via the anus: In both men and 
women trauma may be the result of too vigorous 
anal sex acts voluntarily accepted by both part-
ners or may be a criminal act sometimes per-
formed on children (particularly young boys).

•	 Pneumatic injuries: Explosion of the rectum 
and colon, provoking severe abdominal pain 
and shock, can be caused by a sudden increase 
in intrarectal pressure if compressed air is 
injected through the anus; this may be done as 
a foolish and criminal joke.

•	 Iatrogenic diagnostic/therapeutic injuries: 
These can be the result of:
–– Enema (the enema nozzle may cause 

mucosal laceration and rectovaginal 
fistulas, or using water that is too hot can 
severely burn the mucosa)

–– Barium enema
–– Rectal biopsy, which can cause bleeding 

and perforation
–– Diathermy polypectomy, which can cause 

colonic gases (methane, hydrogen sulfide, 
hydrogen) to explode

–– Rectoscopy, sigmoidoscopy
–– Surgery for anal fissures, hemorrhoids, fis-

tulas, and abscesses
–– Surgery for prostate, bladder, and uterine 

diseases
•	 Penetrating injuries: Sharp anorectal injuries 

caused by stab or gunshot wounds should be 
classified as intraperitoneal and extraperitoneal 

wounds; the former are more frequent than the 
latter.

–– Stab wounds involving the anus or the 
extraperitoneal rectum are rare in 
Western countries but may arise as part 
of a complex anoperineal trauma in car 
or motorcycle accidents. Penetrating stab 
wounds involving the intraperitoneal rec-
tum may be produced by knives or dag-
gers and need to be treated like any 
colonic injury.

–– Gunshot wounds are relatively frequent in 
wartime because of the prone position 
assumed by soldiers while firing, and the 
extent of rectal damage depends on the 
ballistic properties of the projectile. High-
velocity bullets (military) produce a small 
entrance hole but extensive tissue damage, 
multiple perforations, and a large exit 
wound, whereas low-velocity bullets 
(civilian use) are often retained in the 
tissues.

•	 Rectal impalement: This was used to torture 
and kill enemies in ancient times, but today it 
can still occur following falls onto pointed 
objects. This may happen, for example, in 
agricultural workers who accidentally fall 
onto a tools or a fence post with the legs 
astride, or in an accidental fall by those par-
ticipating in sports involving climbing or 
jumping. The penetrating trauma can involve 
the anus, the anal sphincters, and the rectal 
wall and may extend to the sacrum and coc-
cyx, perineum, prostate, urethra, and bladder, 
as well as the intraperitoneal organs, espe-
cially the small and large bowels. Such severe 
trauma has also been described as the outcome 
of criminal acts.

32.3	 �Diagnosis

Inspection and digital exploration of the anal 
canal can easy demonstrate the outcome of an 
anal trauma (Figs. 32.2 and 32.3). Today, the use 
of 2D or 3D transanal ultrasound is a cornerstone 
in the diagnosis of any anal trauma and is most 
useful if shown in three dimensions.

Fig. 32.1  Cloacal deformity of the perineum with an 
absence of the perineal body and large communication of 
the vagina with the anal canal
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•	 Enquiry about the patient’s history and an 
exploration of the perineum and abdomen are 
the first steps in assessing any anorectal 
trauma. Sometimes patients are reluctant to 
admit anal intercourse or autoerotism result-
ing in retention of foreign bodies. Perianal 
ecchymosis or laceration are usually present 
after any sexual assault, and sperm may also 
be found. Because of legal issues, special care 
must be taken to prove the assault with photo-
graphs or stains, allowing eventual identifica-
tion of the perpetrator after rape, for instance.

•	 A retained foreign body may be felt by lubri-
cation anal digital exploration, although in 
most cases the foreign body migrates distally 
into the rectosigmoid colon. An abdominal 

radiograph can usually assist in the diagnosis. 
A colonoscopy could be necessary to diagnose 
and treat a retained foreign body.

•	 Abdominal pain, tenderness, ileus, and high 
temperature after a rectal trauma suggest per-
foration and peritonitis.

•	 Minor anorectal trauma and retention of foreign 
bodies may cause anal and abdominal pain, rec-
tal bleeding, and reflex urinary retention. The 
formation of a perianal/perirectal abscess can 
cause fever and induce severe pain sometimes 
leading to general sepsis.

Management and prognosis depend on the 
severity of the trauma. The American Association 
for the Surgery of Trauma attempted to quantify 
the severity of anal trauma and proposed the 
Rectal Injury Scaling System comprising five 
degrees of severity. McGrath et al. created a sim-
pler classification of rectal injuries, between 
intraperitoneal and extraperitoneal rectal trauma, 
on the basis of rectal anatomy.

32.4	 �Management

Management of anal trauma with a sphincter 
lesion includes several treatment options – from 
an overlapping sphincteroplasty to stimulated 
graciloplasty or artificial bowel sphincter– 
whereas cloacal deformity often requires the 
collaboration of plastic surgeons to re-create the 
posterior wall of the vagina using rotated cutane-
ous flaps (Fig. 32.4).

•	 Severe anorectal trauma must be managed as 
any other trauma (Fig. 32.5): control of bleed-
ing and immediate resuscitation of the patient 
are the first steps in emergency treatment.

•	 Control of infection by the so-called 4-D treat-
ment is mandatory in cases of severe penetrat-
ing (stab or gunshot) wounds; this is 
recommended during anorectal trauma exami-
nation under anaesthesia.
–– Distal rectal washout
–– Diversion of the faecal stream
–– Drainage
–– Damage repair

Fig. 32.2  Keyhole deformity of the anus following sur-
gery for anal fistula

Fig. 32.3  Outcome of accidental anal trauma resulting in 
a prolapsed rectal mucosa, patulous anus, and a scar 
replacing the anoderm
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•	 The necrotic tissue, foreign bodies, and feces 
must be accurately removed from the wounds, 
which also need to be irrigated with antiseptic 
solution. The perirectal spaces must be drained 
with a Penrose or a suction drainage, and a 
diverting left colostomy should be performed 
immediately.

•	 Full-dose antibiotic therapy, including anti–
gram-negative anaerobe bacterial antibiotics 
(metronidazole, tobramycin) and tetanus anti-
toxin should be started as soon as possible 
because of the considerable risk of severe 
infection. Administration of general analge-
sics may be necessary.

•	 Major anorectal trauma with impalement or 
destruction of the perineum and external herni-
ation of the small bowel (Fig. 32.2) may require 
complex reconstructive surgery with a left 

colostomy, anorectal resection, urinary tract 
repair, and complete closure of the perineum.

•	 Rectal perforation can be sutured, and a pro-
tective left colostomy should be performed. A 
distal rectal washout using a diluted povidone-
iodine solution through a mucous fistula or the 
anus is recommended.

•	 Anorectal endoscopy is necessary in every 
case of anorectal trauma to evaluate and con-
trol rectal bleeding, to facilitate cleaning of 
damaged tissues and remove feces, and to 
locate foreign bodies. It should not, however, 
be performed if perforation of the extraperito-
neal rectum is suspected.

•	 The patient should be positioned in the lithot-
omy position, except for selected cases of pos-
terior trauma involving the sacrum and coccyx, 
where the prone position would provide better 
exposure of the traumatized area.

•	 Local anesthesia may be sufficient in patients 
with minor anal traumas, but spinal or general 
anaesthesia is generally preferred for most 
anorectal traumas.

•	 Placement of a urinary catheter is mandatory 
to exclude lesions of the urinary tract. 
Sometimes multislice magnetic resonance 
imaging, or, if that is not available, water-sol-
uble contrast enema (diatrizoic acid 
[Gastrografin, Hypaque]), and intravenous 
urography may aid in the recognition of extra-
rectal organ and tissue involvement.

•	 In cases of suspected intraperitoneal perfora-
tion, laparoscopy (in stable patient) could be 
performed as a preliminary step.

•	 Laparotomy may be necessary in cases of dis-
seminated peritoneal contamination, bleeding, 
and perforation. These complex cases may 
need a multidisciplinary approach that 
includes urologists, vascular surgeons, radiol-
ogists, and bone surgeons (for fixation of pel-
vic fractures).

•	 Isolated anal sphincter lesions could be man-
aged by primary suture (using reabsorbable 
material such as polyglycolic acid sutures) if 
the risk of infection is low. Primary suture of 
the sphincter muscle seems to yield better 
functional results than delayed suture, pro-
vided infection can be prevented. In such 
cases, vigorous antibiotic prophylaxis should 

Fig. 32.4  Correction of cloacal deformity by reconstruct-
ing the posterior vaginal wall and perineum with a cutane-
ous flap and sphincteroplasty

Fig. 32.5  Severe anoperineal trauma involving the anus, 
sphincters, rectum, prostate, and urethra, with a small-
bowel herniation, following a car accident
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be administered and sigmoidostomy per-
formed at the same time.

•	 Minor anal trauma can be managed conserva-
tively with antibiotics, local medication, and 
analgesics.

32.4.1	 �Treatment of Foreign Bodies 
in the Rectum

•	 Foreign bodies should be extracted from the 
rectum through the anus whenever possible.

•	 After maximal anal dilation has been obtained 
under anesthesia, several instruments have 
been proposed to assist n extraction: a Foley 
catheter placed above the foreign body and 
pulled downward after inflation of the balloon, 
obstetric forceps, long hemostatic forceps, an 
endoscope.

•	 Rectosigmoidoscopy should be repeated after 
the foreign body is retrieved to evaluate any 
possible mucosal lesion or perforation.

•	 Laparotomy with a rectal opening to extract 
the foreign body should be performed only 
when transanal attempts fail (Fig. 32.6).

32.5	 �Functional Sequelae 
Following Anorectal Trauma

•	 Several disabling conditions can follow ano-
rectal traumas, the most frequent of which is 
fecal incontinence. In addition, defecation 

problems can arise as a consequence of stric-
tures or rectal denervation.

•	 Sexual assaults, particularly during childhood, 
usually leave profound psychological prob-
lems and frequently anismus or pelvic dyssyn-
ergia, causing obstructed defecation.

•	 The persistence of abdominal colostomy is 
not rare after these traumas and has obvious 
disabling consequences on a patient’s social 
and emotional lives.

•	 Severe traumas involving the sacral nerves 
and the anterior perineum can lead to severe 
problems, including impotence, urinary 
incontinence, and urinary retention requir-
ing a permanent catheter. Major surgery, 
using a multidisciplinary approach (urolo-
gist, plastic surgeon, colorectal surgeon, and 
neurologist), can sometime help these 
patients.
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Colonic and Rectal Obstruction

J. Pimentel

33.1	 �Introduction

Colorectal obstruction, also known as large-
bowel obstruction (LBO), is the serious impair-
ment or complete arrest of the passage of 
intestinal contents caused by a mechanical or 
functional blockage [1, 2]. It is an emergency 
condition that requires early recognition and 
prompt therapeutic intervention to obviate the 
potential risk of serious complications and death. 
It is much less common than small-bowel 
obstruction, representing less than 20 % of all 
cases of intestinal obstruction. According to its 
presentation, LBO can be classified in several 
ways:

•	 Acute or chronic
•	 Partial or complete
•	 Open or closed loop

The pathophysiology depends on the compe-
tence of the ileocecal valve. If competent, a 
closed loop obstruction occurs, with the risk of 
perforation and gangrene. If incompetent, the 

intestinal contents can reflux into the small 
intestine.

Recent technological innovations have 
changed the therapeutic strategy, with marked 
benefits for patient outcomes. Understanding 
these innovations in the light of the various etio-
logical hypotheses, as well as the clinical presen-
tation and the use of appropriate tests, make 
choosing the best treatment option possible [3].

33.2	 �Etiology

The etiology of obstruction may be mechanical 
or nonmechanical (Table 33.1). Mechanical fac-
tors can be anything that causes the large-bowel 
lumen to become more narrow and can be either 
intraluminal, mural, or extrinsic. Non-mechanical 
factors include those interfering with the peristal-
tic motor function or intrinsic innervation of the 
bowel.

33.3	 �Symptoms

Symptoms of LBO depend on a number of fac-
tors, in particular the etiology, the degree of 
obstruction (partial or total), and how it presents 
(acute or chronic, closed or open loop, with a 
competent or incompetent ileocecal valve). 
Symptoms may occur suddenly, suggesting an 
acute obstruction, such as that which occurs in 
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sigmoid or cecal volvulus, or they may be pro-
gressive, making colorectal cancer a more plau-
sible cause. The most frequent clinical 
presentation may include a change in bowel hab-
its, constipation, colicky abdominal pain and dis-
tension, nausea, and vomiting. Severe, continuous 
abdominal pain, especially in the right iliac fossa, 
increases the suspicion of gangrene, with immi-
nent perforation.

Systemic symptoms may be present but are 
usually less serious than those of small-bowel 
obstruction; these include weight loss, fatigue, 
anorexia, and anemia  – suggesting a neoplastic 
lesion  – or fever, chills, and an unwell feeling, 
which are associated with an inflammatory disor-
der such as subacute diverticulitis or colitis. A 
history of chronic constipation, straining to def-
ecate, pneumaturia, or fecaluria could reveal 
diverticulitis or carcinoma, and a change in stool 
caliber is indicative of the latter. In the case of 
colonic ischemia, signs and symptoms of acute 
toxicity may be found, and septic shock is 
possible.

33.4	 �Diagnosis

The initial physical examination must evaluate 
the severity of the patient’s condition. Careful 
and comprehensive history-taking is required, 
along with a complete physical examination 
assessing vital signs, general physical appear-
ance, and mental status.

A focused abdominal examination is required. 
Significant abdominal distention is found in the 

vast majority of patients. Colonic distension may 
be extremely large, as in the case of a closed-loop 
obstruction or with a competent ileocecal valve, 
in which the risk of ischemia or perforation 
(mainly cecal) is higher. Hyper-resonance is 
noted upon percussion. Palpation reveals tender-
ness; rebound tenderness in the right lower quad-
rant suggests ischemia or perforation of the 
cecum, which needs urgent surgical treatment. 
Perforation can also occur at the site of obstruc-
tion (tumors or diverticulitis). Eventually, a mass 
evoking a carcinoma or diverticulitis, or a mark-
edly dilated caecum, can also be palpated. At aus-
cultation, during the initial phase, bowel sounds 
may be hyperactive or normal, becoming dimin-
ished or absent in cases of long-standing obstruc-
tion, colonic ischemia, or colonic 
pseudo-obstruction. Digital rectal examination 
should always be performed to identify a rectal or 
lower pelvic mass and in some cases an impacted 
foreign body. The presence of blood suggests a 
carcinoma.

Routine laboratory studies are necessary to 
evaluate fluid and electrolyte imbalances, chronic 
blood loss, and/or sepsis, including blood for a 
complete blood count, prothrombin time, cross-
match, electrolyte concentrations, creatinine, and 
liver function tests. Arterial blood gas should also 
be determined. An elevated white blood cell 
count suggests bowel ischemia/necrosis or 
diverticulitis.

Computed tomography (CT), which is used 
expeditiously today, has progressively become 
the gold standard for the diagnosis of LBO; it is 
useful for a complete, one-venue assessment of a 
patient’s condition, providing detailed informa-
tion about the etiology and severity of an obstruc-
tion as well as complications such as perforation. 
If the cecal diameter is larger than 12 cm, there is 
a risk of rupture, and urgent surgery is indicated. 
CT can also be used as part of a therapeutic pro-
cedure (Fig.  33.1). When CT is unavailable, a 
plain abdominal series (flat and upright or left 
lateral decubitus films) may be used. This distin-
guishes small- from large-bowel obstruction, 
confirming the diagnosis in 60–80 % of cases. An 
erect chest radiograph or an upright abdominal 
film may reveal free air if a perforation has 

Table 33.1  Etiologies of colonic/rectal (large-bowel) 
obstruction

Mechanical Non-mechanical
Tumor Ogilvie syndrome
Volvulus Paralytic ileus
Diverticulitis Constipation
Fecal impaction Dysfunction
Anastomotic stricture
Ulcerative/Crohn’s colitis
Benign stenosis
Ischemia, endometriosis, 
rare entities
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occurred. If the diagnosis – whether a mechanical 
or nonmechanical obstruction  – or the site of 
obstruction is in doubt, in the absence of signs of 
peritoneal irritation, a water-soluble contrast 
enema should be carried out. Ultrasound plays a 
limited role; it has low accuracy because of the 
presence of major gaseous distention.

Colonoscopy may help determine a diagnosis 
in this setting and also has a therapeutic role in 
reducing a sigmoid volvulus or in decompress-
ing the colon in O’Gilvie syndrome. It has to be 
done carefully because of the risk of 
perforation.

33.5	 �General Management

A patient’s resuscitation must begin immediately. 
This includes volume resuscitation, correction of 
electrolyte imbalances, and transfusion, if neces-
sary. Because intravascular volume is usually 
depleted, early intravenous crystalloid fluid rehy-
dration is required (isotonic saline or Ringer lac-
tate solution), sometimes by means of a central 
venous catheter. A urethral catheter is inserted to 
monitor urinary output.

When bowel obstruction is partial, these mea-
sures should precede or accompany intestinal 
decompression efforts, which can be attempted 
by inserting a transanal large-bowel tube or by 
means of retrograde enemas. A nasogastric tube 
is also necessary if the patient is vomiting, in 
some cases revealing fecal content. Prophylactic 
antibiotics should be considered.

Appropriated treatment depends on the etiol-
ogy of the colonic/rectal obstruction (Table 33.1). 
Each situation, including its prognosis, is 
described below.

Laparoscopic treatment of LBO is feasible 
and safe in the hands of highly experienced 
laparoscopic teams, who report results similar 
to those of elective colonic laparoscopic resec-
tion. Except in these situations, however, the 
abdominal approach continues to use an open 
approach [4].

A patient’s informed consent about manage-
ment options should be obtained whenever 
possible. In the case of potential stoma forma-
tion, patient consent should be obtained and 
the possible site marked before surgery 
(Fig. 33.2).

33.6	 �Neoplastic Colorectal 
Obstruction

33.6.1	 �Etiology-Epidemiology

Colorectal carcinoma is responsible for approxi-
mately one-third (in the United Kingdom) to one-
half (in the United States) of all cases of colorectal 
obstruction. About 15 % of all patients with 
colorectal carcinoma present with obstruction. 
Most patients are older than 70 years. The risk of 
obstruction is greater in the left colon, most often 
in the sigmoid segment or at the splenic flexure, 
whereas rectal carcinomas are less prone to 
obstruction than other carcinomas. Cancers 
found with LBO are usually at an advanced stage 
of disease: 25 % are already metastatic when the 
diagnosis is made [5].

33.6.2	 �Symptoms

The onset of symptoms caused by an obstructive 
tumor may be insidious or acute. Most patients 
report symptoms evolving over a 3 to 6-month 
period, whereas acute obstruction occurs as the 
first symptom in 15–20 % of carcinomas of the 
left colon. Symptoms are actually nonspecific 
and often ignored until complete obstruction 

Fig. 33.1  Large-bowel obstruction (colon cancer)
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occurs. They include an inability to pass gas and 
feces, colicky abdominal pain and abdominal 
distension, anorexia, asthenia, bloody stool and 
rectal bleeding, changes in bowels habits and 
the diameter of feces, tenesmus, abdominal 
mass and/or marked weight loss, jaundice, 

ascites, and cough raising suspicion of a meta-
static disease.

Whether the tumor is located in the right or left 
colon can also affect the clinical picture. The for-
mer presents with obstruction of the small bowel 
and the latter with obstruction of the large bowel.
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surgery

Volvulus Ogilvie`s S. Carcinoma Diverticular Dis. Others

Gangrene Without gangrene
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Fig. 33.2  Management of colorectal (large-bowel) obstruction
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33.6.3	 �Diagnosis

The stepped procedures mentioned above for a 
general diagnosis should be followed. A patient’s 
history usually reveals a drawn-out evolution, 
with changes in bowel habits over several months. 
Results of the physical examination depend 
mainly on the tumor stage and duration of symp-
toms: signs of cachexia, malnutrition, and dehy-
dration can be found, or, on the contrary, the 
patient’s general health status may be preserved. 
Prompt resuscitation could be necessary.

Abdominal distension is usually present with 
loud borborygmus. In some cases a mass can be 
palpated, corresponding to the site of the tumor. 
Rebound tenderness in the right lower quadrant 
can be caused by a pre-perforated cecum or local 
gangrene. A digital rectal examination may iden-
tify and characterize the tumor.

Laboratory studies (including carcinoembry-
onic antigen) should be requested. CT is the most 
useful tool in the case of a large-bowel obstruc-
tion caused by a colorectal cancer (especially 
using triple contrast: intravenous, oral, and rec-
tal), helping in the clinical staging or the differen-
tial diagnosis with diverticulitis [6] (Fig.  33.3). 
A water-soluble contrast enema could be consid-
ered if CT is not available or in cases of a dubious 

diagnosis. Flexible endoscopy may be useful if 
the colon distal to the obstruction can be prepped 
with enemas. It allows for biopsies.

33.6.4	 �Treatment

In the case of a partial colonic/rectal obstruction 
caused by colorectal cancer, patients can be ini-
tially managed conservatively, with appropriate 
reanimation and bowel preparation, allowing an 
elective surgical procedure. Complete obstruc-
tion requiring early and urgent treatment has a 
higher morbidity and mortality and worse sur-
vival rates than partial obstruction [5]. Surgical 
procedures are mostly used, but nonsurgical pro-
cedures such as endoscopic stenting (introduced 
in the early 1990s) are also useful to relieve 
obstruction. Stent placement before elective sur-
gery as a bridge to surgery is an alternative to 
emergent surgery in patients with acute left-sided 
malignant colonic obstruction. However, because 
its benefits are uncertain, there is no consensus 
about the most appropriate therapeutic options to 
select [7]. Several options are currently available 
to permit a one-stage procedure, avoiding the 
inconvenience directly related to multistaged 
procedures performed in the past, requiring at 
least one temporary stoma. These procedures are, 
however, far from being abandoned.

33.6.4.1	 �Conservative Treatment
To minimize the risks associated with surgical 
treatment of patients with LBO, there has been a 
trend toward decompressing the colon before sur-
gery, allowing an emergency situation in an 
unstable patient to be converted into an elective 
one, and in the mean time avoiding the need for a 
stoma. This can be accomplished by laser tumor 
ablation or by endoscopic stent placement to can-
alize a neoplastic obstruction.

Stent insertion is today the most commonly 
used nonsurgical endoluminal technique [8]; the 
need for repeated treatment sessions and the risk 
of complications have limited the widespread 
acceptance of laser dilatation. Stents have been 
increasingly applied since their introduction in 
the early 1990s, bridging patients from emergency 

Fig. 33.3  Large-bowel obstruction (local recurrence of 
rectal cancer)

33  Colonic and Rectal Obstruction



382

to elective surgery [9] by reestablishing the intes-
tinal lumen and allowing thorough bowel prepa-
ration before surgery. Bowel function is restored 
immediately after the stent is inserted. Despite its 
efficacy in resolving distal LBO (technical and 
clinical success rates of stent placement are 
around 70 %), the results of different randomized 
controlled trials, multicenter studies, meta-
analyses, and systematic reviews comparing stent 
insertion and emergent surgery are conflicting [7, 
10–15]. No firm conclusions can be drawn con-
cerning morbidity, mortality, need for stomas, 
primary anastomosis, complications, oncological 
outcomes, and technical and clinical success 
rates. Further evaluation and studies are needed 
to elucidate which group of patients could benefit 
most from stent insertion or emergency surgery, 
since high-grade evidence is currently sparse 
[16]. As a whole, however, this technique seems 
to compare favorably with surgery [15]. Colonic 
stents are also used as a palliative and definitive 
treatment in patients in whom surgery should be 
avoided because of significant comorbidities, 
incurable malignancy, or nonresectable cancer. 
Although debatable, endoluminal stent insertion 
seems to be a cost-effective technology, espe-
cially when skills to implement this approach are 
present, with a high rate of successfully relieving 
obstruction in the vast majority of patients [15].

33.6.4.2	 �Surgical Treatment
Right-sided colonic obstructive cancers (cecal, 
ascending, and transverse colonic lesions proxi-
mal to the splenic flexure) are usually treated 
with resection and primary anastomosis (right 
hemicolectomy). This is the procedure of choice, 
except in cases of perforation or gangrene and 
peritonitis (a primary anastomosis is contraindi-
cated in this setting) that are best managed by 
resection, end ileostomy, and exteriorization or 
closure of the proximal colon, with subsequent 
restoration of intestinal continuity (Table 33.2).

It is difficult to formulate recommendations 
for the surgical treatment of left-sided lesions. 
The discussion centers on multiple-staged opera-
tions versus one-stage procedures as the pre-
ferred approach (Table 33.2). LBOs in this 
location have been managed for years by multi-

staged (three- and two-stage) surgical proce-
dures: initial diversion followed by a staged 
procedure or resection without primary anasto-
mosis followed by the restoration of colonic con-
tinuity. There has recently been an increasing 
trend toward a single-stage procedure (segmental 
resection and primary anastomosis after colonic 
lavage or subtotal colectomy) – conceptually the 
ideal surgical strategy – if performed safely [14].

Three-Stage Procedure
Since a three-stage procedure involves three 
operations (construction of a defunctioning 
colostomy, resection with anastomosis, closure 
of the colostomy) and a prolonged hospital stay, 
its use has been almost abandoned. Eventually, 
however, this strategy could still play a role for 
high-risk patients or less experienced surgeons.

Two-Stage Procedure
A two-stage procedure always implies a stoma 
formation: primary resection with the creation of 
an end colostomy (the Hartmann procedure) fol-
lowed by restoration of intestinal continuity [13], 
or primary resection with anastomosis and the 
creation of a defunctioning stoma, followed by 
closure of the stoma. As an alternative, a proxi-
mal diversion can be done (usually a transversos-
tomy), allowing for adequate patient resuscitation 
and complete investigation followed by an early 
elective resection with a primary anastomosis 
[17]. Following this approach, however, intesti-
nal continuity is restored in only 70 % of patients.

One-Stage Procedure
When a one-stage procedure is an option, the 
goal is best accomplished by on-table lavage fol-
lowed by segmental resection and anastomosis 
[18]. Even under certain conditions this proce-
dure can be done safely without intraoperative 
colonic irrigation [19]. A subtotal colectomy 
should be reserved for patients with cecal isch-
emia/perforation or with right-sided concomitant 
tumors because of the increased number of bowel 
movements that occur after such a procedure. It 
must be avoided in the case of compromised fecal 
continence [18]. The indications for a one-stage 
procedure remains debatable; multistage 
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procedures are still used mainly for severely ill 
patients, those with associated conditions, or in 
the case of bowel gangrene or fecal peritonitis 
(patients classified as having an ASA III or IV 
physical status).

33.6.5	 �Prognosis

Perioperative and long-term survival are both 
adversely affected in patients with 
LBO. Regardless of tumor stage at the time of sur-
gery, perioperative mortality is higher in patients 
with LBO operated in emergency conditions (15–
30 %) than in those with nonobstructive carcino-
mas (<10 %) as a consequence of increased 
surgical risk. The same is also true for the crude 
overall survival at 5 years, which is approximately 
30 % (around 35 % after curative surgery). Only 
40–50 % of obstructing tumors are operated on 
with an intent to cure – far from the 70 % of those 
without obstruction. Although acute complete 
LBO does not have a major impact on prognosis, 
it is nonetheless an independent prognostic factor 
to consider when deciding on postoperative che-
motherapy. Other variables affect the prognosis 
for patients with LBO, some of which are com-
mon to nonobstructive colorectal carcinomas: 
colonic perforation, advanced-stage tumor, poor 
tumor differentiation, mucinous characteristics, 
and vascular and neural invasion.

33.7	 �Colonic Volvulus

33.7.1	 �Definition

Colonic volvulus is caused by an abnormal twist-
ing of the affected segment of bowel along its 
longitudinal mesocolic axis. This creates a partial 
or total intestinal obstruction with significant 
vascular compromise, possibly leading to isch-
emia and gangrene of the colonic segment. It may 
occur in any part of the colon but is most com-
monly located in the sigmoid colon (75–80 %), 
followed by the cecum (15–20 %) and other, rarer 
sites (2–3 %) [20, 21].

33.7.2	 �Epidemiology-Etiology

Volvulus is an important cause of colonic occlu-
sion worldwide [20, 21]. The incidence varies 
considerably, according to the population; it is 
extremely prevalent (50–80 %) in the Middle 
East, Africa, and parts of Europe and Brazil (the 
so-called Volvulus Belt), with a minor incidence 
in Western Europe and the United States (1–5 %). 
It is rare among children and adolescents; it is 
mostly a disorder of the elderly. Sigmoid volvulus 
occurs predominantly in patients who are 70 years 
of age and older, whereas cecal volvulus arises, 
on average, 10 years earlier. Fifty percent of con-
cerned patients have had a previous episode.

Table 33.2  Current treatment recommendations for neoplastic colorectal obstruction

Right-sided lesions Left-sided lesions
One-stage procedure Resection with primary anastomosis (right 

hemicolectomy)
Resection with primary anastomosis 
(on-table lavage)
Resection with primary anastomosis 
(subtotal colectomy)
Colonic stenting followed by elective 
surgery (resection with primary 
anastomosis)

Two-stage procedure Resection with end ileostomy and secondary 
restoration of intestinal continuity (if 
gangrene or perforation are present)

Resection with colostomy, reestablishment 
of intestinal continuity (Hartmann 
procedure)
Resection with anastomosis with diversion 
ostomy, closure of ostomy
Initial proximal diversion, secondary bowel 
resection including tumour and stoma site, 
followed by primary anastomosis
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There is no clear etiology, but certain factors are 
known to predispose to colonic volvulus. For a sig-
moid volvulus, the presence of a long, mobile, 
redundant loop of sigmoid with a narrow meso-
colic base is often found. It is usually acquired 
rather than congenital, and it facilitates the twisting 
of the mesocolon, usually clockwise. For a cecal 
volvulus, an incomplete or absent retroperitoneal 
fixation with a mobile cecum and ascending colon 
is usually found. This suggests a congenital defect 
that allows the mesentery to twist around the ileo-
colic artery axis or fold upward (cecal bascule). 
Other causative factors include a high-fiber diet (as 
consumed in the Volvulus Belt), constipation, a 
sedentary lifestyle, Parkinson disease, psychotro-
pic drug use, internment in a psychiatric institution 
(or nursing home, for the elderly), Chagas and 
Hirschsprung diseases, and, in some cases, preg-
nancy (cecal volvulus).

33.7.3	 �Symptoms

Signs and symptoms vary according to whether 
the occlusion is complete, whether the ileocecal 
valve is competent (closed loop), and whether 
ischemia or intestinal necrosis is present. A 
patient may present with pronounced abdominal 
distension and discomfort and an inability to pass 
gas and feces, or may complain of constant pain, 
suggesting necrosis and peritonitis. Vomiting 
occurs in cecal volvulus; the clinical picture is 
that of a small-bowel obstruction. Fever, dehy-
dration, hemodynamic changes, abdominal ten-
derness, and shock suggest ischemia or secondary 
perforation of the volvulus. Gangrene must be 
prevented because it increases the mortality rate 
by three to four times.

33.7.4	 �Diagnosis

On physical examination, abdominal findings are 
generally nonspecific. In addition to marked dis-
tension, intestinal meteorism with visible peri-
stalsis may be observed, and bowel sounds with a 
metallic tone may be intensified. Peritoneal signs 
suggest colonic gangrene.

Plain abdominal radiographs are diagnostic or 
highly suggestive of volvulus (in 70–90 %), espe-
cially in sigmoid volvulus. On imaging, the sig-
moid resembles a bent tube, with the apex 
pointing toward the left iliac fossa, or the cecum 
resembles a coffee bean. Cecal volvulus is usu-
ally associated with distended loops of small 
bowel. Diagnosis is confirmed using a water-
soluble contrast enema, with the typical finding 
of a “bird-beak” appearance of the sigmoid at the 
point of torsion along the neck of the volvulus. 
The “twisted tape” sign strongly supports a recur-
rence of a sigmoid volvulus [22].

If volvulus of the sigmoid or left colon is sus-
pected, flexible sigmoidoscopy or colonoscopy is 
diagnostic and usually therapeutic. These should 
not be performed if colonic perforation is sus-
pected. The examination will show a twist of 
mucosal folds about 15–25  cm from the anal 
verge, indicating the disorder. Bloody fluid and 
ischemic mucosa suggest gangrene.

CT and magnetic resonance imaging can be 
additional diagnostic aids, especially with a 
three-dimensional reconstruction; they have an 
accuracy of about 100 % [23]. Both exams can 
reveal intestinal distension and the level of 
obstruction, and can demonstrate the mesenteric 
twist, visualized as a mass of soft tissue in the 
shape of a “whirl” (the “whirl” sign).

33.7.5	 �Treatment

33.7.5.1	 �Sigmoid Volvulus
The timing and nature of therapy depend on 
whether signs of gangrene or colonic perforation 
are present and whether endoscopic detorsion is 
effective. If signs of perforation are found, sur-
gery is mandatory and urgent. The procedure 
consists of a segmental resection with stoma (the 
Hartmann procedure). When these serious com-
plications are not present, the strategy is based on 
decompression and detorsion of the affected seg-
ment, followed in most cases by elective surgery. 
Endoscopic detorsion is successful in 80–90 % of 
cases. Rigid proctoscopy or flexible sigmoidos-
copy may be used, but the latter procedure is pre-
ferred because it better visualizes the affected 
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area and can treat volvuli higher up in the bowel. 
Detorsion may succeed or fail. If it fails, surgery 
is indicated: resection of the sigmoid with pri-
mary anastomosis (with or without on-table 
lavage) or, less frequently, the Hartmann proce-
dure [21].

The question arises of how to proceed after 
successful detorsion. If nothing more is done, the 
recurrence rate is over 50 %. Therefore surgery is 
recommended for most patients who suffer a 
colonic volvulus, usually within 2 days after the 
initial successful detorsion. Several surgical pro-
cedures have been described. Compared with 
resection, nonresection alternatives  – simple 
detorsion, open or laparoscopic detorsion with 
colopexy or mesosigmoidoplasty, extraperitone-
alization of the colon, percutaneous endoscopic 
colostomy – result in lower morbidity/mortality 
but a higher recurrence rate. Thus, whenever the 
general status of the patient permits, a resection 
procedure should be chosen, mainly segmental 
resection with primary anastomosis (the gold 
standard), with a mean mortality of 8 %, a mean 
recurrence of 1.2 %, and a mean morbidity of 
21.2 % [21]. In the case of associated megacolon, 
a subtotal colectomy with ileorectal anastomosis 
is preferred (Fig. 33.4).

33.7.5.2	 �Cecal Volvulus
Colonoscopic detorsion of a cecal volvulus may 
be attempted but is usually unsuccessful. A con-
trast enema for diagnostic purposes may occa-
sionally be therapeutic. Since gangrenous 
changes are often seen during surgery (20–40 %), 
these procedures are contraindicated in daily 
practice. Surgery is frequently needed because of 
ischemia and should not be delayed. It involves 
resection of the colon with primary anastomosis 
(right hemicolectomy) [20]. Anastomosis should 
be avoided only in the case of fecal peritonitis, in 
which the option is resection with terminal ileos-
tomy. In the absence of ischemia, resection pro-
cedures with primary anastomosis are preferred, 
given their obvious advantages over nonresec-
tional methods – simple detorsion, detorsion with 
cecopexy, detorsion with cecostomy  – with 
respect to their lower rates of recurrence and 
complications.

33.8	 �Other Conditions

Other conditions may cause LBO.  They are 
described, along with their management, in dedi-
cated chapters, including acute colonic pseudo-
obstruction (O’Gilvie syndrome), diverticular 
disease (see Chap. 17), inflammatory bowel dis-
ease, radiation damage, fecal impaction and for-
eign bodies, endometriosis (see Chap. 20), and 
extrinsic expanding lesions (ovarian, bladder, or 
prostate cancers; noncolonic metastatic lesions).

Conclusion

Colorectal obstruction is much less frequent 
than small-bowel obstruction. Colorectal can-
cer is the main cause in Western countries. 
Colorectal obstruction is a serious condition 
that needs careful and prompt diagnostic and 
therapeutic measures to obviate harmful com-
plications or even death (gangrene and perfo-
ration should be avoided). Recent 
technological innovations (on-table lavage, 
colonic stents) have changed the therapeutic 
strategy, with a marked benefit for patient out-
comes. There is now a trend toward using 
single-stage procedures instead of a multi-

Fig. 33.4  Computed tomography scan of a sigmoid vol-
vulus (notice the whirl sign of the twisted pedicle of the 
sigmoid)
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stage approach, the rationale being to reduce 
the morbidity inherent to the latter. Multistage 
procedures should, however, remain the pref-
erable option for severely ill patients, those 
with associated conditions, or in the case of 
bowel gangrene or fecal peritonitis. The pre-
ferred approach should be selected on an indi-
vidual basis and tailored to the particular 
situation. Understanding the various etiologi-
cal hypotheses, as well as the clinical presen-
tation and the use of appropriate tests, make 
selecting the best treatment option possible.
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Lower Gastrointestinal Bleeding: 
Diagnosis and Management

Eric Frampas and Paul-Antoine Lehur

34.1	 �Introduction

Gastrointestinal (GI) hemorrhages are divided 
according to the location of bleeding. Upper hemor-
rhages originate from the esophagus to the upper 
jejunum at the level of Treitz ligament, whereas 
lower hemorrhages include the small bowel, colon, 
and rectum. Modes of presentation vary from occult 
bleeds detected by a positive fecal occult blood test 
or iron-deficiency anemia test to massive bleeding 
associated with a life-threatening condition. Acute 
GI bleeding is a major cause of hospital admission, 
estimated in some US studies at 300,000 patients 
annually [1]. Although acute upper GI hemorrhage 
is more common, the annual incidence of lower GI 
bleeding ranges from 20.5 to 27 episodes per 
100,000 persons. It accounts for approximately 
30 % of all reported cases of GI bleeding. Its inci-
dence increases with age and is more frequent in 
men than women [2]. Overall mortality varies from 
8 % to 16 %, but can reach 40 % in the case of mas-
sive bleeding, especially in patients with associated 
comorbid conditions and advanced age [3].

Clinical presentation varies depending on the 
blood volume lost and the location of bleeding, 
and this may complicate the differentiation 
between upper and lower GI bleeding. It is gener-
ally accepted that 80 % of lower GI bleeding will 
resolve spontaneously [4]. Lower GI bleeding 
typically manifests as hematochezia or rectal 
bleeding. Bright red hematochezia tends to origi-
nate from the left side of the colon and anorectum. 
Dark-colored blood or blood mixed with stool 
may originate from the right colon and may be 
associated with melena in the case of small-
intestine bleeding. Nevertheless, in the event of a 
massive lower GI bleed with hemodynamic insta-
bility, a source either proximal or distal to the liga-
ment of Treitz should be considered and explored.

34.1.1	 �Causes of Lower GI Bleeding

Numerous etiologies have been reported for lower 
GI bleeding. Frequently encountered causes 
include diverticular disease, colonic vascular 
ectasia, inflammatory or ischemic colitis, colonic 
neoplasia, or bleeding after polypectomy.

34.2	 �Colonic Lesions

•	 Diverticular disease concerns nearly 65 % of the 
Western population by the age of 65  years. 
Hemorrhage occurs during the course of  
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diverticular disease in 20 % of patients, but only 
5 % will suffer from severe hemorrhage, with 
spontaneous resolution in 70–80 % of cases. 
Nevertheless, the cumulative risk of rebleeding 
is 25 % after 4  years. Arterial hemorrhage is 
caused by erosion of the vasa recta at the dome 
or neck of the saclike diverticula. Because 
diverticular disease is so frequent, one may 
question the real implication of diverticula in 
lower GI bleeding: based on undoubted endo-
scopic criteria of bleeding such as active bleed-
ing, an adherent clot, or a visible vessel, 
diverticula were found to be causative in 22 % 
of cases of acute lower GI bleeding [5].

•	 Vascular Lesions
–– Angiodysplasia: This is a common source of 

GI bleeding. Asymptomatic colonic angio-
dysplasia is found in about 1 % of patients 
undergoing colonoscopy (Fig.  34.1). Rare 
before age 60, the incidence increases with 
age, especially in the elderly [6]. Most are 
acquired vascular lesions that predominate in 
the right colon and correspond to abnormal 
thin-walled, tortuous arteriovenous vessels 
that develop in the superficial layers of the 
bowel wall. The pathophysiology remains 
unclear. Because most of angiodysplasias do 
not bleed spontaneously, factors favoring 
this condition, such as coagulopathy disor-
ders, nonsteroidal anti-inflammatory drug 

use, antiplatelet or anticoagulant therapies, 
should be investigated [7]. An association 
with several diseases has been reported, 
including chronic renal failure, scleroderma, 
Crest syndrome, Turner syndrome, and por-
tal hypertension. The association with aortic 
valve stenosis is still debated.

–– Hemangiomas and vascular malformations 
(Figs. 34.2, 34.3, and 34.4): GI hemangio-
mas are uncommon benign vascular 
tumors. They may occur as a single or mul-
tiple lesions along the intestinal tract; the 
small bowel is the most common site of 
occurrence, followed by the colon. 
Association with syndromes such as a rub-
ber bleb nevus or Kippel-Trenaunay syn-
drome has to be investigated in cases of 
multiple lesions. Most are pedunculated, 
polypoid intraluminal masses, but they 
may also have an infiltrative growth pat-
tern. Insidious or acute bleeding is the 
major complication [8].

•	 Postradiation colitis: This is a major compli-
cation of pelvic organ radiotherapy, especially 
following cervical or prostate cancer. 
Radiation induces endarteritis obliterans, 
fibrosis of the submucosal layer of the bowel, 
ischemic endarteritis, and neovascularization 
associated with the development of telangiec-
tasis in 5–20 % of cases. Four to 13 % of 

Fig. 34.1  Colonic telangiectasia. Endoscopic views before and after argon plasma therapy
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patients report rectal bleeding following radi-
ation therapy for prostatic carcinoma, most 
often several years after therapy.

•	 Ischemic colitis: This is a common cause of 
lower GI bleeding and typically affects the 
elderly. Risk factors include atherosclero-
sis, embolic disease, chronic renal failure, 
insufficient flow, or recent high-risk sur-
gery [9]. The splenic flexure and rectosig-
moid junction are typically affected. 
Stercoral colitis is a specific condition that 
typically affects old patients. Overdistension 
of the rectal lumen by severe fecal impac-
tion leads to rectal ischemia, bleeding, and 
perforation [10].

•	 Neoplasias: Most neoplasias are responsible 
for occult or chronic lower GI bleeding. They 
account for 2–9 % of hematochezia [11]. 
Hemorrhage originates from tumor erosion 
and mucosal ulceration. In the case of high-
stage carcinoma with local invasion, involve-
ment and erosion of adjacent arteries may lead 
to acute lower GI bleeding.

•	 Postpolypectomy bleeding: This is the most 
frequent complication of colonoscopy and has 
been reported in 2–8 % of acute lower GI 
bleeding. Risk factors include the size and 
gross morphology of the polyp, the cutting 
mode of the electrosurgical current, inadver-
tent cutting before the current was applied, 

associated comorbidity, and the experience of 
the endoscopist [12].

•	 Inflammatory bowel disease: Acute bleeding is 
rare in inflammatory bowel disease, with an 
incidence of 0.9–6 %. Acute bleeding is more 
frequent in Crohn’s disease because ulcers form 
deeper in the wall compared with ulcerative 
colitis with respectively 1.2 % and 0.1 % of hos-
pitalization stay use eventually Hospitalization. 
Spontaneous cessation occurs in 50 % of cases, 
but rebleeding will occur in 35 % of cases.

34.3	 �Anorectal Lesions

•	 Rectal varices may occur in the setting of cir-
rhosis and portal hypertension, with a preva-
lence between 40 % and 77 %, but these are 
rarely responsible for acute lower GI bleeding 
(Fig. 34.5). In 2–9 % of patients, hemorrhoids 
are responsible for the bleeding [10].

•	 Dieulafoy lesion, a typical lesion of the upper 
stomach, may be discovered in the rectum. 
Bleeding is caused by a tiny erosion of an 
abnormally large submucosal end artery 
within a minute mucosal defect. Contrary to 
peptic ulcer, the absence of inflammation at 
the point of erosion and the small size of the 
mucosal defect make it difficult to locate in 
the absence of active bleeding [13].

a b

Fig. 34.2  Colonic angiomatosis. (a) Enhanced axial multidetector computed tomography showing rectosigmoid wall 
thickening with multiple clusters of phleboliths. (b) Endoscopic view
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Fig. 34.3  Small-bowel hemangioma in a 40-year-old adult. Enhanced coronal multidetector computed tomography 
showing a lobulated mass with phleboliths (arrow)

a

c d e

b

Fig. 34.4  Arteriovenous malformation of the right colon. 
(a) Endoscopic view. (b) Axial MIP enhanced axial 
MDCT view. Enhanced vascular wall lesion with arterial 

and venous abnormal vessels (arrow). (c) Coronal MIP 
vascular reconstruction. (d, e) Digital selective angiogra-
phy before and after selective embolization
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34.4	 �Small-Bowel Lesions

A majority of lower GI bleeding arises from the 
colon and rectum. Nevertheless, 10–25 % of 
these bleeds may arise from the small bowel or 
proximal to the angle of Treitz.

•	 Angiodysplasia is the most common source of 
small-bowel bleeding, found in 30–60 % of 
reported cases, followed by tumors in 5–10 % 
of cases.

•	 In children, special attention should be devoted 
to Meckel diverticulum, which occurs in 2–3 % 
of the population. Lifetime risk of developing 
complications has been estimated at 4 % up to 
the age of 20  years, 2 % up to the age of 
40  years, and 0 % in the elderly population. 
Hemorrhage is the most common complica-
tion, especially in the pediatric population. 
Ectopic gastric mucosa located inside the 
diverticulum produces gastric acid and may 
induce mucosal damage and bleeding.

34.4.1	 �Chronic versus Acute Bleeding

A wide range of underlying diseases may be the 
source of lower GI bleeding. Diagnosis and 

management differ depending on the type of 
bleeding (Tables 34.1 and 34.2).

•	 In the case of chronic or recurrent bleeding, 
determining the origin of the bleeding may be 
challenging. Diagnostic tools include endos-
copy, radionuclide imaging, abdominal multide-
tector computed tomography, wireless capsule 
endoscopy, and double-balloon enteroscopy.

•	 Acute lower GI bleeding has been defined as a 
recent bleeding situation (within 3 days) and 
may result in instable vital signs, anemia, or 
the need for a blood transfusion. Although 
patients with lower GI bleeding classically 
present with less hemodynamic instability 
compared with patients with upper GI bleed-
ing, anemia and hemodynamic instability are 
present in one-half of patients and cardiovas-
cular collapse in 9 % [14]. Factors predicting a 
severe course include hemodynamic instabil-
ity (heart rate ≥100 bpm, blood pressure 
<100  mmHg), syncope, initial hematocrit 
≤35 %, active gross bleeding from the rectum, 
and more than two active associated comorbid 
conditions [15, 16].

In the presence of acute lower GI bleeding, 
clinical evaluation and resuscitation should be 
initiated before diagnostic evaluation [17]. This 

Fig. 34.5  Recurrent lower gastrointestinal bleeding in a 
60-year-old adult. Colonic varices (arrow) caused by seg-
mental venous mesenteric hypertension are complicating 
a small-bowel carcinoid tumor with a retractile mesenteric 

mass (arrowheads). Endoscopic view and enhanced coro-
nal Maximum Intensity Projection (MIP) multidetector 
computed tomography view
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take into account the patient’s history, intake of 
antiplatelet or anticoagulant therapy, vascular 
disease, and the duration and frequency of previ-
ous bleedings. Physical examination should 
focus on the patient’s vital signs. In the case of 
clinical evidence of acute bleeding or associated 
high comorbidity, patients should be monitored 
in an intensive care unit [18]. Management 
includes treatment of coagulopathy, volume 
replacement, and transfusions before the source 
of bleeding is investigated. In contrast to acute 
upper GI bleeding, only a few risk scores have 
been developed to accurately forecast the out-
come of a patient with acute lower GI bleeding in 
terms of risk of recurrent bleeding, intensive 
management, and mortality. Useful tests include 
the Bleed classification system (based on ongo-
ing bleeding, low systolic blood pressure, 
elevated prothrombin time, erratic mental status, 

and unstable comorbid disease), clinical risk fac-
tors, and an artificial neural network [19–21].

34.4.2	 �Investigations and Treatments

The goals of investigations for lower GI bleeding 
are (1) to identify the source of the bleed and (2) to 
allow its permanent treatment. Endoscopic and 
imaging techniques (nuclear scintigraphy, com-
puted tomography angiography, and catheter angi-
ography) are both of interest. Today they not only 
play a role in localizing and identifying the cause 
of bleeding but also are an important part of bleed-
ing management; each of these approaches 
addresses the various types of bleeding. Because 
only specialist centers can offer the full range of 
these advanced procedures, patients who specifi-
cally require them must be identified. An algorithm 
addresses this selection process [22] (Fig. 34.6).

34.5	 �Endoscopy

34.5.1	 �Diagnostic Endoscopy

Endoscopy is considered as the investigation of 
choice. In acute lower GI bleeding, pan–upper GI 
endoscopy is mandatory to rule out a potential 
source of bleeding in the upper GI tract [23]. The 
use of a nasogastric tube and gastric lavage to 
exclude an upper GI source of bleeding is no 
longer recommended. Colonoscopy has been 
proposed as the first-line modality for diagnosis 
and therapy of lower GI bleeding. Because 80 % 
of hemorrhages will cease spontaneously, an 
elective colonoscopy is often indicated after stan-
dard bowel preparation. The accuracy of colonos-
copy in identifying definitively the source of 
bleeding varies between 45 % and 90 % [24]. In 
the case of acute bleeding, the timing of colonos-
copy is urgent. It may be hampered by incom-
plete preparation or poor observation of the 
colonic wall as a result of a massive hemorrhage. 
Urgent endoscopy has been defined as occurring 
within 12–48 h of admission. Earlier completion 
of colonoscopy has been associated with greater 
yield and shorter length of hospital stay [15]. 

Table 34.1  Assess the severity of a lower gastrointesti-
nal bleeding

Massive bleeding per anum of red blood with or 
without clots + Haemodynamic compromise
 � Blood pressure ≤100 mmHg
 � ± Pulse rate ≥100/min
 � ± Hemoglobin <10 g/dL
 � ± 6–8 units of blood required to stabilize the patient

Table 34.2  Some definitions

Chronic lower GI bleeding
 � Minor, melena, or hematochezia
 � Chronic anemia
Acute lower GI bleeding
 � Brisk, significant bleeding
 � Occurring in the past 3 days
 � Self limited; resolves spontaneously, allowing for 

investigations
Massive lower GI bleeding
 � Massive and continuous hemorrhage with the need 

for urgent resuscitation
 � Rule out an upper GI cause of bleeding (10–15 % of 

cases)
Occult/obscure lower GI bleeding
 � Cause not found, even with advanced investigations
 � 5 % of cases
 � Could be massive and intermittent
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Rapidly purging the colon through a nasogastric 
tube or by mouth has been recommended to facil-
itate mucosal observation and improve diagnostic 
yield. Although urgent colonoscopy can be per-
formed without preparation, Jensen et  al. [5] 
reported a significant reduction in sensitivity in 
cases of insufficient preparation and successful 
treatment in as few as 21 % of cases.

34.5.2	 �Therapeutic Endoscopy

Diagnostic colonoscopy can be associated with 
endoscopic hemostasis. Depending on the site and 
cause, several modalities are available, including 
thermal coagulation, injection of hemostatic 
agents, and mechanical devices. Thermal coagu-
lation with bipolar electrocoagulation, argon 
plasma, and laser-mediated coagulation are the 

preferred methods for vascular lesions, especially 
angiodysplasia. Epinephrine injection and metal 
clips are recommended for diverticular disease or 
bleeding after polypectomy, with a limited risk of 
complication. The accuracy of hemostasis by 
endoscopic therapy in diverticular hemorrhage is 
95 %, without morbidity, but recurrent bleeding is 
observed in more than 25 % of cases [25].

Rectal varices and hemorrhoids are best 
treated with rubber bands and a sclerosing 
injection.

34.5.3	 �Wireless Capsule Endoscopy

In the case of negative upper and lower GI 
endoscopies, the small bowel should be investi-
gated. Wireless capsule endoscopy is a painless 
tool that allows a noninvasive evaluation of the 

Massive Lower GI Bleeding - Management algorithm

Massive bleeding clinically confirmed
Haemodynamic compromise

Ressuscitation

Upper GI Endoscopy

Cause found 

Treat

Cause not found 

Stabilised patient

Colonoscopy
after express bowel prep

Unstable patient

Cause found 

Treat

Cause not found 

MDCTa
Nuclear imaging

Wireless capsule endoscopy

MDCTa

Cause found 

Angiograghy
Embolization

Cause not found 

Surgery
Intraoperative
enteroscopy

Fig. 34.6  Management algorithm for massive lower gastrointestinal bleeding
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entire small bowel. A high diagnostic yield  – 
more than 90 %  – has been reported. 
Angiodysplasia is the most frequently observed 
lesion, found in up to 49 % of patients [26]. The 
best results were obtained in cases of ongoing 
obscure-overt bleeding (>90 %) and dropped to 
12.9 % in cases of previous overt bleeding, in 
parallel with the duration of the interval since 
the bleeding episode began. Wireless capsule 
endoscopy seems to be superior to push-enter-
oscopy. The main contraindication is a bowel 
stricture. A 5 % rate of non-natural excretion 
has been reported.

34.6	 �Imaging

34.6.1	 �Nuclear Medicine

Radiolabeled technetium 99m – sulfur colloid – 
and labelled autologous red blood cell (RBC) 
scintigraphy has been used for more than 
20 years as a method for localizing GI bleeding 
(Fig. 34.7). With a longer half-life, 99mTc RBCs 
allows intermittent bleeding to be detected and 
has become the standard of reference for the 
detection of active lower GI bleeding. 
Radionuclide scanning is a noninvasive method 
that can detect both arterial and venous bleeding 

a

cb

Fig. 34.7  A 10-year-old patient suffering from acute leu-
kemia has recurrent, severe lower gastrointestinal (GI) 
bleeds. Upper and lower GI tract endoscopies failed to 
localize the site of bleeding. (a) Unenhanced multidetec-
tor computed tomography depicts a spontaneous hyperat-
tenuating area (arrow) inside the jejunal lumen, 

corresponding to intraluminal clotted blood without an 
abnormality of the bowel wall after contrast medium 
injection. (b) Tc99m-radiolabeled autologous red blood cell 
(RBC) scintigraphy identified the site in the proximal 
jejunum. (c) Small, superficial ulcers were discovered by 
enteroscopy
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over a prolonged period of time without special 
preparation. The threshold rate of bleeding for 
scintigraphy is 0.1  mL/min in clinical studies. 
However, it is a time-consuming method with a 
relative imprecise anatomic location, as blood 
may spread proximally and distally from the site 
of the bleed on sequential static images. 
Accuracy drops from 95–100 % to 57–67 % 
when scans are positive within 2  h after the 
injection of RBCs compared with positive scans 
after more than 2  h. The accuracy of positive 
scans from pooling data was 41–97 %. In young 
adults and children, scintigraphic imaging based 
on 99mTc pertechnetate may be useful to detect a 
Meckel diverticulum because 99mTc pertechne-
tate is actively secreted by the mucous cells pres-
ent within the heterotopic gastric mucosa. 
Diagnostic sensitivities range between 50 % and 
86 % [27]. A lower sensitivity has been reported 
in the adult population.

34.6.2	 �Angiography 
and Multidetector Computed 
Tomography Angiography

Used for more than 40  years to investigate GI 
bleeding, angiography is often used when endos-
copy fails to detect the site of bleeding. Rates of 
detection with angiography have been reported to 
be 58–86 %, depending on the bleeding rate (0.5–
1.0 mL/min being considered necessary to dem-
onstrate contrast extravasation), the number of 
blood transfusion units (>6), and blood pressure 
level [28]. Due to the invasiveness of angiography 
and the intermittent nature of GI bleeding, multi-
detector computed tomography angiography 
(MDCTa) has been developed to characterize 
location and cause of bleeding. It offers a number 
of advantages: lower invasiveness, wider avail-
ability, greater rapidity especially to evaluate 
unstable patients. High spatial and temporal reso-
lution of MDCTa, multiphase acquisition with 
arterial and portal venous phase images are 
required to detect GI bleeding. A lower threshold 
of depicting active bleeding has been recently 
reported (0.35 mL/min) compared with angiogra-
phy (0.96 mL/min) in vitro [29].

As for angiography, MDCTa should be per-
formed while the patient is actively bleeding. 
No specific preparation, oral contrast, or colonic 
contrast material are needed. Active GI 
hemorrhage is defined as an active extravasation 
of contrast medium with a focal intraluminal 
area of high attenuation. Unenhanced phases 
provide information concerning spontaneous, 
hyperattenuating foci, including suture material, 
clips, foreign bodies, and hyperattenuating feces 
within diverticula, to avoid false-positive 
results.

As for conventional angiography, severe 
bleeding episodes with hemodynamic instability 
increase the probability of a positive result on 
MDCTa. Combining unenhanced with arterial 
and portal venous phases offers numerous advan-
tages: comparison of different phases to depict, 
appreciate, and confirm the changing appearance 
of the focus of extravasated contrast medium; 
increase the blushes depicted on the portal venous 
phase as a result of delayed acquisition; and 
potential depiction of the cause of bleeding 
(diverticulosis, bowel tumor, vascular lesion) or 
associated pathologies (cirrhosis, portal hyper-
tension) (Fig. 34.8).

Arterial GI bleeding appears as a focal area of 
high attenuation (>90 HU) during the arterial 
phase and increases during the portal venous 
phase. Spontaneous attenuations of clotted blood 
appear lower (mean, 54 HU), making the differ-
entiation of active arterial extravasation from 
blood clots possible. In a meta-analysis of nine 
studies with 198 patients with acute GI bleeding, 
Wu et  al. [30] reported a pooled sensitivity of 
89 % (95 % confidence interval: 82–94 %) and a 
specificity of 85 % (95 % confidence interval: 
74–92 %)30, similar to that reported with con-
ventional angiography. By scanning the entire 
abdominal cavity, MDCTa allows the explora-
tion of the entire bowel tract, notably the small 
bowel and extraluminal abnormalities. It is also 
informative regarding vascular anatomy and 
feeding and draining vessels. Moreover, it may 
be performed before interventional invasive 
angiography, enabling the radiologist to directly 
perform time-saving superselective angiograms 
and therapy. Copland et  al. [31] proposed the 
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incorporation of MDCTa early in the manage-
ment of acute GI bleeding in conjunction with 
resuscitation. A positive result leads to more 
accurate endoscopic, angiographic, or surgical 
management of patients, depending on the loca-
tion and cause. In the case of a negative result, 
colonoscopy could be performed after bowel 
preparation [31].

34.6.3	 �Therapeutic Angiography

Transcatheter arterial therapies are effective to 
interrupt blood flow. Vasopressin is a constric-

tor agent that directly acts on arterioles and 
capillaries. The intra-arterial infusion dose has 
to be adapted according to the bleeding rate, 
followed by a continued infusion for another 
6–12 h. Bleeding ceases in 80 % of cases. Side 
effects of arterial constriction include myocar-
dial ischemia, cerebral and renal arterial con-
striction, and bowel ischemia. Vascular 
embolization has recently been developed with 
several embolization materials (polyvinyl alco-
hol particles, gelatin sponges) and coils alone 
or in combination. In the case of nonselective 
embolizations of proximal branches, colonic 
ischemia was reported in up to 20 % [17]. Therefore 

a

c d

b

Fig. 34.8  Multidetector computed tomography angiogra-
phy aspects of acute lower gastrointestinal bleeding origi-
nating from a right colonic diverticula. (a) Unenhanced 
view (absence of hyperattenuating foci). (b) Arterial 

phase with extravasated contrast medium inside the diver-
ticula (arrow). (c) Portal phase with an increase in the 
blush within the colonic lumen (double arrow). (d) 
Corresponding coronal MIP view
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hyperselective embolization is now recom-
mended. The development of microcatheters 
allows the catheterization of small branches of 
the visceral arterial tree proximal to the 
bleeding site. Microcoils offer the advantages 
of good radiopacity and the possibility of more 
precise deployment compared with Gelfoam 
pledgets and particulate agents. Hyperselective 
embolization allows high performance yields 
with successful control of bleeding in 80–90 % 
of patients and rebleeding rates of 14 %, with-
out major complications [32]. Arterial emboli-
zation is now considered a first-line therapy for 

patients with massive GI bleeds [17] 
(Figs. 34.9, 34.10, 34.11, and 34.12).

34.7	 �Operative Strategy

Surgery is required in up to 18–25 % of patients 
with acute lower GI bleeding who require blood 
transfusion. Surgery should be considered under 
two circumstances [18]:

•	 In patients with ongoing bleeding and failure 
of interventional treatment

a

c d

b

Fig. 34.9  An 80-year-old patient with acute lower gastro-
intestinal bleeding. (a, b) Unenhanced and arterial 
enhanced axial multidetector computed tomography angi-
ography shows bleeding originating from a left colonic 
diverticula (white arrow). There is an associated finding 

of a right colonic adenocarcinoma (black arrow). (c, d) 
Digital selective angiography of the inferior mesenteric 
artery depicting contrast medium extravasation (black 
arrow). Successful embolization with microcoils (white 
arrow)
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•	 In patients who suffer from recurrent severe 
bleeding [18]

Locating the bleeding site before surgery is 
critical because segmental colectomy can be per-
formed, contrary to subtotal colectomy, which 
has a higher mortality rate (20 %) but less risk of 
recurrent bleeding. Surgery is usually recom-
mended after a second episode of bleeding from 
diverticular disease because the risk of a third one 
exceeds 50 % [33].

When preoperative imaging or endoscopic 
modalities fail to detect the source of bleeding, 

intraoperative enteroscopy should be planned and 
associated with laparotomy as a last option with a 
high diagnostic yield (80–92 %) [34].

Surgery is associated with significant mor-
tality (10–25 %) and morbidity. Recurrent 
bleeding is not uncommon in segmental resec-
tions, leading some to recommend subtotal col-
ectomy with or without anastomosis, depending 
on the patient’s intraoperative condition. 
Identified factors predicting death are a delay in 
the decision to operate, the transfused blood 
required (ten units seem to be critical), and 
comorbidities.

a b

Fig. 34.10  Arterial bleeding complicating an endoscopic 
per-colonoscopic polypectomy. Axial Multidetector com-
puted tomography angiography depicted a focal area of 

extravasated contrast medium (a, arrow). No blush was 
found during therapeutic angiography (b). No emboliza-
tion was performed. Bleeding spontaneously resolved
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a b

c d

Fig. 34.11  Acute lower gastrointestinal bleeding from 
the left colonic wall involved with a pancreatic carcinoma. 
(a) Axial enhanced axial view from multidetector com-
puted tomography (MDCT) shows a pancreatic carcinoma 
invading the colon and spleen (arrow). (b) Coronal MIP 

reconstruction of MDCT angiography with abnormal 
acute arterial disruption of a branch of the inferior mesen-
teric artery (white arrow). (c) Corresponding selective 
angiography. (d) Successful selective embolization with a 
microcoil (arrow)
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�Conclusion

Although most lower GI bleeds resolve spon-
taneously, acute and massive bleeding still 
results in significant morbidity and mortality. 
Optimal management requires a multidisci-
plinary approach for diagnosis and treatment. 
Nonsurgical therapeutic options include con-
servative medical management, endoscopic 
procedures, and transcatheter embolization. 
Colonoscopy remains a diagnostic and thera-
peutic tool of choice in the management of 
patients with lower GI bleeding. Imaging 
modalities including MDCTa and transcathe-
ter arterial embolization have strengthened the 
emergency management of acute GI bleeding. 
MDCTa has emerged as an accurate imaging 

modality that can detect the source of bleed-
ing, and it is now incorporated in the diagnos-
tic algorithm for active hemorrhage. It has 
become the first step in therapeutic angiogra-
phy, allowing faster localization and emboli-
zation. Superselective catherization and 
embolization is a safe and highly successful 
procedure. Surgery, a high-risk option, should 
be limited during the acute phase of uncon-
trolled bleeding.
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Chronic Pelvic and Perineal Pain

Guillaume Meurette and Jean-Jacques Labat

35.1	 �Definition

Chronic pain is a well-described situation, but the 
pathophysiology remains a matter of discussion 
in the literature. In fact, this debilitating situation 
affects a heterogeneous group of patients, and 
pain occurs in various situations. Moreover, 
patients often experience negative and repeated 
investigations that severely affect their relation-
ship with physicians. The underlying cause of 
pain varies, and adapted management usually 
requires a multidisciplinary approach that should 
include coloproctological, urogynecological, and 
neurophysiological assessment along with input 
from a specialist in pain management. This 
multidisciplinary team approach is the key for 
global management of patients suffering from 
chronic perineal pain.

35.2	 �Introduction

Chronic pelvic and perineal pain can be 
defined as ongoing pain or severe discomfort 
located in the pelvic and/or perineal area that 
leads to psychological and social conse-
quences during a period longer than 6 months. 

For the purposes of this chapter, pain from pri-
mary or recurrent malignant disease is not 
included.

35.3	 �Clinical Examination

The first step in a chronic pelvic pain assessment 
must be a complete medical history. The clinical 
history of the pain is of paramount importance. 
Any event possibly related to the pain must be 
considered and carefully noted in the medical 
chart. If related to a surgical operation, the time 
between the surgery and the onset of the pain 
should be determined. Successive medications 
must be listed and may affect the clinical percep-
tion of the pain’s intensity.

It is also important to characterize the distri-
bution (topography) of the pain (Fig. 35.1). Three 
anatomic distributions of pain can be identified:

•	 Pudendal nerve area
•	 Iliohypogastric area
•	 Inferior cluneal nerve area

Third, the nature of the pain must be identified 
and carefully investigated:

•	 Inflammatory pain: The pain is usually worse 
at night, causing sleep loss. No position eases 
the pain. Anti-inflammatory drugs can usually 
be effective in controlling the pain.
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•	 Mechanical pain: The physical position usu-
ally influences the pain (sitting or standing 
position) and the decubitus position alleviates 
the symptoms.

Fourth, associated symptoms (urinary dys-
function, obstructed defecation, vaginal dryness, 
fecal and urinary incontinence) are sometimes 
helpful to correlate the pain to a global syndrome 
such as myofascial syndrome or complex chronic 
pelvic pain syndrome. Skin lesions and scars 
must be carefully investigated. Local infection is 
a common condition and may influence the pain.

Finally, the history of medications and treat-
ments offered to the patient must be 
investigated.

The physical examination and subsequent 
investigations should exclude anatomic scars and 
abnormalities that could be related to malignant 
and inflammatory pelvic disease. Moreover, the 
complete physical examination should give care-
ful attention to any congenital disorder (dysmor-
phia) or anorectal malformation.

35.4	 �Investigations

Investigations can include imaging, endoscopic, 
and functional investigations. Imaging is useful 
to exclude benign or malignant tumors. Vascular 

and inflammatory diseases can also be investi-
gated and are helpful to confirm some diagnoses. 
Both computed tomography and magnetic reso-
nance imaging are required standard imaging 
examinations. A particular focus on the lumbosa-
cral spine is mandatory to identify anatomic 
abnormalities of the spine or compression of the 
cauda equine or lumbar and sacral roots. 
Particular attention must be paid to the presacral 
space, looking for possible tumors or bone 
metastasis.

Endoscopic investigations are useful to evalu-
ate any mucosal abnormality. Colonoscopy, hys-
teroscopy, and cystoscopy should be performed 
based on associated symptoms and the topogra-
phy of the pain.

Neurophysiological studies can be helpful in 
identifying nerve dysfunction. Pudendal nerve 
terminal motor latency, external anal sphincter 
electromyography, and the bulbospongiosus or 
clitoridoanal reflexes allow assessment of both 
the motor and sensory functions of the perineal 
and pelvic areas. Despite the value of these inves-
tigations, electromyography is invasive, and 
interpretation of the results may be difficult and 
related to the clinical features.

35.5	 �Classification

Several pain classifications are available in the 
literature (Table  35.1). The most common is 
based on the clinical characteristics of the pain.

35.5.1	 �Pain Influenced by the Sitting 
Position

35.5.1.1	 �Pudendal Nerve Entrapment
Pudendal nerve entrapment is the most frequent 
and best described cause of chronic pelvic pain. 
The topography of the pain is typically medial or 
unilateral and localized between the penis and 
the anus (in men) or the clitoris and the anus (in 
women). In men, the pain usually does not 
involve the scrotum or the testicles. The onset of 
pain occurs after a physical effort made while in 
a sitting position, such as cycling; this is typical 

a

b

c

Fig. 35.1  Topography of perineal nerve distribution: (a) 
iliohypogastric area; (b) pudendal nerve area; (c) inferior 
cluneal nerve area
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of the pudendal nerve entrapment. Nevertheless, 
in several cases pain can occur with no particular 
triggering event. Pain is described as a burning or 
strangling feeling, either superficially or deep 
inside the perineum in the ipsilateral nerve area. 
It can be associated with signs of hypersensitivity 
upon touching the skin. A trigger zone can be 
found during the rectal digital examination por-
tion of the physical exam, at the level of the 
ischial spine or sometimes while pressing the 
levator ani muscle.

A diagnosis is based on clinical findings, asso-
ciated with improvement of the symptoms after 
pudendal nerve infiltration around the entrap-
ment area at the ischial spine (Nantes criteria; 
Table 35.2). A diagnosis is also supported by the 
finding of prolonged pudendal nerve motor 
latency on electrophysiological studies.

35.5.1.2	 �Piriformis Syndrome
The posterior cutaneous nerve of the thigh can be 
entrapped into the subpiriformis canal. This 
entrapment may lead to chronic perineal pain that 
is often associated with perineal radiation into 
the cluneal (perineal) and/or pudendal nerve 
territories.

35.5.1.3	 �Coccygodynia
In the case of coccygodynia, the pain is usually 
located at the midline around and anterior to the 
coccyx. A coccyx trauma most likely occurred in 
the patient’s medical history. Pressing the coccyx 
increases the pain, whereas standing and walk-
ing alleviate the symptoms. Clinical examination 

associated with dynamic radiography may show 
hypermotility of the coccyx and the sacrococcy-
geal space. Relief of symptoms after local anes-
thetic drugs infiltrate the sacrococcygeal space 
reinforces the hypothesized diagnosis of coccy-
godynia. Pelvic floor exercices, massage and 
analgesic infiltration. Coccygectomy is rarely 
necessary.

35.5.1.4	 �Obturator Internis Syndrome
The gluteal part of the obturator internis muscle 
is in close contact with the pudendal and obtura-
tor muscles. Muscle hypertonicity may result in 
nerve irritation. The pain is typically located in 
the perineal area and radiates into the sciatic 
nerve area. Clinical examination can confirm the 
diagnosis: it shows a significant increase in pain 
when pressing on the inside of the ischial 
tuberosity.

35.5.1.5	 �Inferior Cluneal (Perineal) 
Nerve Syndrome

The inferior cluneal (perineal) nerve has sev-
eral connections with the posterior cutaneous 
nerve of the thigh. A lesion of this superficial 
nerve can lead to severe chronic pain in the pos-
terior part of the thigh and under the buttock 
toward the lateral perineal area. The pain usu-
ally does not involve the vulva (in women) nor 
the anus.

35.5.1.6	 �Levator Ani Syndrome
This syndrome of chronic pelvic pain results in 
complaints of anorectal pain while sitting. This is 
typically associated with several anorectal symp-
toms such as tenesmus and mucous discharge. 
Defecation disorder is also associated with the 
pain.

Table 35.1  Classification of nonorganic chronic pelvic 
and perineal pain

Pain influenced by the 
sitting position

Pain not influenced by the 
sitting position

Pudendal nerve 
entrapment

Sacral nerve irritation

Piriformis muscle 
syndrome

Abdominogenital pain

Coccygodynia Vulvodynia
Obturator internis muscle 
syndrome

Urethral syndrome

Inferior cluneal (perineal) 
nerve syndrome

Paroxystic algias 
(proctalgia fugax)

Levator ani syndrome Myofascial syndrome

Table 35.2  Nantes criteria for pudendal nerve 
entrapment

1. �Pain in the territory of the pudendal nerve, from the 
anus to the penis or clitoris

2. Pain is predominantly experienced while sitting
3. The pain does not wake the patient at night
4. Pain with no objective sensory impairment
5. Symptoms are relieved after a pudendal nerve block
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35.5.2	 �Pain Not Influenced 
by a Sitting Position

35.5.2.1	 �Sacral Nerve Irritation
Sacral radiculopathy is usually associated with 
compression or irritation of the nerves of the 
sacral plexus. Loss of perineal sensation and dif-
ficulties with either defecation or micturition are 
serious clinical findings that should prompt 
urgent investigations (particularly magnetic reso-
nance imaging of the lumbosacral spine) to iden-
tify the nerve compression.

35.5.2.2	 �Abdominogenital Pain 
and Myofascial Syndrome

Entrapment or compression of the ilioinguinal 
or iliohypogastric nerves can cause chronic 
pain that is often associated with dysesthesia 
or anesthesia at the inguinal and scrotal or 
labial cutaneous distribution of the nerve. The 
usual cause is a surgical injury during inguinal 
hernia repair. Local anesthesia administered 
along the surgical scar can confirm the 
diagnosis.

35.5.2.3	 �Vestibulodynia (Vulvar 
Vestibulitis)

A burning sensation localized at the vestibule 
represents the typical description of this pain. 
Tight clothes may be uncomfortable. Dyspareunia 
and vulvar hyperesthesia occur, usually in 
younger women. Vestibulodynia has profound 
effects on sexual function and emotional 
consequences.

35.5.2.4	 �Urethral Syndrome
In urethral syndrome, pain occurs during micturi-
tion or ejaculation. Those signs may be related to 
interstitial cystitis or chronic prostatitis.

35.5.2.5	 �Proctalgia Fugax
The diagnosis of proctalgia fugax is based on 
symptoms only, but they are well characterized. 
Pain is located at the anal canal and does not radi-
ate. The pain usually begins suddenly and is 
severe, lasting for a few minutes, then abruptly 
stops. The whole period of pain is usually 15 min. 
A spasm into the internal anal sphincter or levator 

ani is often used to explain the syndrome. There 
is no specific treatment, although many patients 
find that bearing down or straining during an 
attempt to defecate increases the pain level. This 
condition is rarely associated with obstructed 
defecation.

35.6	 �Treatment

Treatment of chronic pelvic and perineal pain 
remains challenging because of the heteroge-
neity of the population concerned, because of 
the number of various causes, and in part 
because of the psychological consequences 
when medications and strategies fail 
(Fig. 35.2).

The main objective is to manage both physi-
cal symptoms and the psychological state of the 
patient. Quality of life and social impairment 
must also be considered. All these parameters 
often require the assistance of specialists in pain 
management and sometimes psychiatric 
support.

Conservative management must be proposed 
as a first step to avoid any invasive procedure that 
could emphasize nociception and impair the 
patient’s situation. Medications (pain killers) can 
be tested in each area of pain: inflammation/noci-
ception and neurological dimensions. Pelvic 
floor retraining, massage and analgesic infiltra-
tion (Fig. 35.3) targeting the area of pain should 
be proposed. Surgical procedures can be pro-
posed in particular cases of clearly identified 
cases, such as pudendal nerve entrapment after a 
positive neurological block test.

The major goals of management differ:

•	 Provide explanations to and reassure the 
patient regarding the severity of the pain.

•	 Try to avoid focusing on the etiology itself; 
rather, emphasize the symptomatic efficacy of 
the treatment, irrespective of the cause.

•	 Initiate general drugs associated with 
targeted conservative management 
(infiltrations).

•	 Avoid any aggressive or traumatic procedure 
as a first line treatment.

G. Meurette and J.-J. Labat
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35.7	 �Particular Situation: 
Postoperative Pain

Postoperative pain is defined as a pain occurring 
after a surgical procedure and

•	 Lasting at least 2 months long
•	 Without any organic cause identified (e.g., 

carcinoma)
•	 Without preexisting lesions and occurring 

before a surgical procedure

Mechanisms of postoperative pain may 
involve a nerve trauma (section or lesion dur-

ing a procedure). Symptoms occur early after a 
procedure (usually immediately). A nerve 
lesion can also be associated with compression 
(retractor lesion). In that case, symptoms are 
less typical and the relation to the procedure is 
more doubtful. Improvement during the months 
after surgery can be expected in that specific 
case. Finally, a nerve lesion can be associated 
with iatrogenic chronic muscular hypertony as 
a result of prosthesis insertion. Symptoms can 
occur after several months or years and are not 
always typical of a single nerve area, but rather 
are associated with radiations according to the 
muscular distribution. A physical examination 

Chronic perineal pain

1st step
Clinical evaluation
- Onset and character
- Distribution
- Medications previously used
- Quality of life assessment

2nd step
Investigations
- Imaging (CT-scan / MRI)
- Electromyography
- Anorectal / Urological / Gynaecology

No organic lesion (Table 1)Organic lesion

Treatment Management
-Education
-Medication
-Infiltration (nerve block)
-Surgery

Fig. 35.2  Algorithm for 
the management of chronic 
pelvic and perineal pain
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should describe the exact topography of the 
pain and its relation to scars; this can confirm 
the hypothetical relation between a nerve 
trauma and a surgical procedure. Imaging and 
electrophysiological exams may also be help-
ful to describe the nerves involved and to 
exclude any organic (tumor) lesion underlying 
the pain. Infiltration, with the patient showing 
positive improvements, is the best evidence to 
confirm a nerve lesion. The surgical approach 
must be considered with caution because of the 
risk of de novo lesions induced by the second 
surgery.

�Conclusion

Despite recent advances in perineal imaging 
and investigations, chronic perineal pain 

remains a poorly described condition. A better 
description of the characteristics and history 
of the pain would be helpful to offer patients 
an adapted therapeutic approach. Several 
options for conservative management must be 
proposed as first-line treatment (pharmaceuti-
cals, infiltrations). Surgery is sometimes man-
datory for selected cases after conservative 
management fails.
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36.1	 �Pathophysiology 
of the Surgical Stress 
Response

•	 Surgical trauma is followed by a metabolic 
stress response that is related to impaired recov-
ery, postoperative morbidity, and to prolonged 
hospital stay (Fig.  36.1). In the initial phase, 
postsurgical stress response has to be under-
stood as a physiological reaction to increased 
oxygen demands and energy expenditure in 
association with posttraumatic hyperinflamma-
tion. The metabolic stress response involves 
complex endocrine and immunological path-

ways. It is characterized by a complex interplay 
of endocrine and immunological pathways that 
are not yet fully understood. The common final 
path is characterized by electrolyte and fluid 
shifts, distribution of cytokines, important hor-
mone changes (cortisol, insulin, thyroid hor-
mones), and altered metabolism. Fatty acids 
and proteins are mobilized from body stores as 
an energy source and substrates to supply vital 
organs, enforce the immune system, and help 
wound healing [4, 13, 21, 53].

•	 The metabolic stress response varies widely. It 
seems to be commensurate with the extent and 
the type of the surgical procedure (Fig. 36.1). 
Surgical surrogate parameters such as opera-
tion time and blood loss have an important 
impact, and surgical stress is reduced by a 
minimally invasive approach. On the other 
hand, patient-related factors are important; 
risk factors are a diagnosis of cancer, concom-
itant malnutrition, and frailty with multiple 
comorbidities [6, 13, 21, 27]. A prolonged or 
excessive stress response inevitably leads to 
hypercatabolism and its feared sequelae  – 
namely, hyperglycemia, immunosuppression, 
and depletion of muscle protein stores with 
consecutive hypoproteinemia. Clinical conse-
quences are, among others, fatigue, pulmo-
nary complications, wound healing problems, 
and ileus. Aiming for the prevention or early 
treatment of a pathological stress response is 
therefore mandatory [4, 21, 31, 53].
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•	 Several perioperative measures have been 
shown to dampen the excessive stress response, 
to restore homeostasis, and thus to positively 
influence clinical outcomes [22, 28]. These vari-
ous interventions are addressed and discussed in 
the following paragraphs of this book chapter.

Obviously, reliable prediction of surgical 
stress response could help to guide the use of 
potential preventive or therapeutic interven-
tions. The ideal marker or tool should be easy 
to use, available early, and inexpensive. To be 
meaningful, the marker needs to show a strong 
correlation with the extent of surgical trauma 
and with clinical outcome.

Insulin resistance has been proposed as a 
promising surrogate parameter for the extent of 
the postsurgical stress response [46, 47]. 
However, insulin resistance, as well as interleu-
kin (IL)-6 and IL-10, have never found their way 
into routine clinical used because of sophisti-

cated analysis techniques and cost issues. 
C-reactive protein (CRP) is used in clinical prac-
tice to document postoperative inflammation and 
to detect postoperative complications [1, 22, 40]. 
CRP peaks typically around postoperative day 2 
or 3, which is too late to initiate measures to 
modulate the postoperative stress response.

Because no reliable predictor has yet been 
identified, combined measures should be applied 
to prevent a pathological stress response with 
deleterious consequences.

36.2	 �Postoperative Morbidity: 
Incidence, Risk Factors, 
Consequences

Despite evolving surgical techniques and increas-
ing specialization, the occurrence of surgical 
complications seems to be unchanged. There is 
no doubt that surgical progress has been, to a 
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Fig. 36.1  Surgical stress response depends on perioperative care
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certain extent, counteracted by extended indica-
tions and increasingly frail patients. On the other 
hand, the underlying pathophysiology of the 
postsurgical metabolic stress response was 
neglected for a long time by the surgical commu-
nity. As a consequence, preventive measures are 
not yet widely implemented [7, 29]. Outcomes 
after colorectal surgery vary widely, and com-
parisons between studies are clearly hampered by 
serious methodological shortcomings such as dif-
ferent definitions, incomplete reporting, and het-
erogenous cohorts [15, 41, 52].

Three major randomized studies comparing 
open with laparoscopic procedures (the CLASSIC, 
COLOR, and COST trials) reported overall com-
plication rates between 20 % and 33 % and median 
postoperative hospital stays from 5 to 11 days [11, 
18, 48]. Outcomes were similar for open versus 
minimally invasive surgeries but slightly worse for 
rectal resections when compared with colecto-
mies. Of note, none of the study protocols included 
enhanced recovery elements. The mortality rate 

was 1–2 % in the COST and COLOR studies and 
4–5 % in the CLASSIC trial. However, true mor-
bidity and mortality rates in the “real world” out-
side randomized trials are probably much higher 
and tend to increase considerably with longer fol-
low-up: a recent nationwide study in England 
revealed 90 day mortality rates after colorectal sur-
gery of 11.3 % [7]. Complications are clearly 
related to longer hospital stay and increased level 
of care needed after discharge. Last, complications 
are associated with higher in-hospital mortality 
and to a delay in adjuvant treatment that leads to 
worse oncological outcomes [43, 44].

Multiple risk factors for postoperative compli-
cations were recently identified (Table  36.1). 
These include patient-related parameters such as 
age, male sex, higher ASA class, and obesity. A 
number of factors relate to the procedure and the 
surgeon (blood loss, operating time, experience). 
Most of these risk factors cannot be changed, but 
some of them are modifiable and thus offer 
opportunities for therapeutic interventions [29].

Table 36.1  Pathological stress response: risk factors, prevention, and treatment

Risk factor Prevention Treatment

Procedure

Type of surgery – –
Surgical approach Minimally invasive surgery –
Operation time Consider preemptive conversion –
Blood loss Handle tissue gently –
Patient

Malnutrition Nutritional screening and support
No fasting
Immunonutrition

Early food intake

Comorbidities – –
Cancer – –
Smoking Smoking cessation counseling Physiotherapy
Reduced performance Prehabilitation Early mobilization
Perioperative care

Fasting No fasting Early food intake
Fluid overload Zero fluid balance Early oral intake

Early discontinuation of intravenous fluids
Ileus Minimally invasive surgery

Stringent fluid administration
Early mobilization
Opioid-sparing pain strategy

Pain Preoperative information
Multimodal pathway

Physiotherapy

Immobilization Prehabilitation
Omission of drains, nasogastric tubes
Early removal of Foley catheters

Early mobilization
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Recent improvements in perioperative care 
have targeted these modifiable risk factors and 
aim to modify a pathologically increased stress 
response. The resulting interventions and clinical 
pathways have been proven effective and are 
therefore outlined in the following sections 
(Table 36.1).

36.3	 �Optimizing Perioperative 
Management

36.3.1	 �Preparation: Smoking 
Cessation, Prehabilitation

•	 The importance of initiation of protective 
measures before the offending hit (e.g., sur-
gery) is largely acknowledged. Smoking is a 
modifiable risk factor that is particularely 
prone to pulmonary and wound-healing com-
plications. An extensive recent Cochrane 
review summarized the findings from 13 ran-
domized controlled trials (RCTs) including 
2,010 patients [45]. Using dedicated preopera-
tive smoking cessation counseling with or 
without concomittant pharmacotherapy, post-
operative complications could be reduced 
from 46 % to 19 %. This corresponds to a rela-
tive risk reduction of 58 % (confidence inter-
val [95 % CI] 35–78) and only four patients as 
the number needed to treat. This is largely due 
to a relative risk reduction of 69 % (38–84) for 
wound complications. Intensive and brief 
behavioral interventions both induced smok-
ing cessation. It is important, however, to 
notice that only intensive preoperative behav-
ioral interventions reduced surgical complica-
tions and achieved sustained behavioral 
change.

•	 The preoperative physical status of the indi-
vidual patient has an obvious impact on his or 
her tolerance of major surgery, multimodal 
treatment, and their consequences. 
Assessment and correction of reduced gen-
eral condition require additional resources 
and have been neglected so far. This is true in 
particular for preoperative physiotherapy 
(called prehabilitation).

A recent publication suggested a simple walk-
ing test (the Timed Up and Go test) as a reliable 
detection tool that is easy to perform and has a 
high predictive value for postoperative morbidity 
and mortality [37]. The next logical step is to 
strive to improve a patient’s reduced physical 
condition. Initial works in different fields of sur-
gery have been promising, especially with regard 
to reducing cardiopulmonary morbidity [25, 35]. 
There is no established standard, however, and 
adopted protocols differ widely. Furthermore, 
reported outcome measures were poorly stan-
dardized and heterogeneous [36].

The McGill group from Montréal recently 
reported that pre- and postoperative physical 
ability of patients undergoing colorectal surgery 
could be improved by two different exercise pro-
grams. However, the adherence to physical exer-
cise programs was low, and a clear link between 
enhanced physical status and improved clinical 
outcomes has not yet been established [8]. 
Nonetheless, the rationale behind and the avail-
able data should encourage the pursuit of this 
approach.

36.3.2	 �Nutritional Screening 
and Perioperative Nutrition

•	 Malnutrition is probably the most prevalent 
modifiable risk factor for adverse outcomes and 
infectious complications in particular. This con-
dition affects up to 40 % of patients undergoing 
major surgery. It has been convincingly shown 
that malnourished patients have at least twice 
the risk of developing overall and major compli-
cations sorensen clin nutr 2008 (EuroOOPS).

The European and American guidelines 
(ESPEN, ASPEN) therefore recommend rou-
tine nutritional screening for every patient 
before undergoing major surgery. Several 
screening tools have been proposed and vali-
dated in large prospective cohorts: the nutri-
tional risk score (2002), The Malnutrition 
Universal Screening Tool, and the subjective 
global assessment. Preoperative weight loss 
remains one of the most reliable criteria to 
guide nutritional interventions; serum albumin 
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and prealbumin can also be used as screening 
parameters and to monitor the efficacy of 
nutritional support [9, 51].

•	 Pre- or perioperative nutrition is recom-
mended for all patients who are (1) scheduled 
for major surgery and (2) malnourished or at 
nutritional risk according to the screening tool 
used. Most patients can be conditioned with 
oral nutritional supplements for 5–7  days 
before surgery, whereas severely malnour-
ished patients might require enteral or even 
parenteral nutrition for at least 2  weeks; in 
these patients, surgery needs to be postponed.

Immunonutrition has been suggested as a 
specific nutritional formula not only to 
improve nutritional status but also primarily to 
modulate the immune response. The active 
ingredients arginine, glutamine, n-3-fatty 
acids, and ribonucleic acid help to enhance 
cellular and humoral immune function and to 
modulate an excessive immune response in 
the postoperative phase. Several systematic 
reviews have evaluated its clinical effects. In 
21 RCTs (2,730 patients), overall and infec-
tious complications were halved in patients 
receiving perioperative immunonutrition. This 
translated into reduced hospital stays (>2 days) 
and costs. Mortality was not different between 
the groups. Consistent outcomes were found 
for the subset of colorectal patients and when 
including only high-quality studies. 
Nevertheless, a significant heterogeneity 
between the studies does not permit immuno-
nutrition to be uncritically recommended to 
all patients [10, 51].

36.3.3	 �Bowel Preparation: Sense or 
Nonsense?

•	 Mechanical bowel preparation is another 
long-standing dogma in colorectal surgery 
that has been challenged only recently. The 
obvious rationale was to avoid intestinal spill-
age and intraoperative contamination, and 
hence to reduce surgical site infection rates. 
Furthermore, an empty colon tends to be eas-
ier to handle. The downsides of mechanical 

bowel preparation seem obvious as well: 
major fluid shifts, electrolyte losses, and 
bowel wall alterations with impaired barrier 
function. Furthermore, the risk of intestinal 
spillage seems to be increased even in prepped 
patients with liquid colonic content.

A Cochrane collaboration summarized the 
available evidence on preoperative bowel 
preparation on postoperative outcomes in four 
systematic reviews since 2003. The latest 
update is based on 18 RCTs including 5,805 
subjects [17]. No statistical difference was 
observed for anastomotic leak rate or wound 
infections after colon and rectal resections, 
respectively. The authors and subsequent 
guidelines suggested that bowel preparation 
should be omitted before colon surgery but 
may be selectively used for low rectal resec-
tions [17, 20, 33].

•	 This cautious specification for rectal surgery is 
the result of GRECCAR III, a French multi-
center study. Bretagnol and colleagues [5] 
reported significantly more overall and infec-
tious complications as well as a trend toward a 
higher leak rate in patients undergoing rectal 
resections without mechanical bowel prepara-
tion. However, these results have not yet been 
confirmed by other randomized studies and 
contrast with the results of the Cochrane 
review. It is worth mentioning, however, that 
bowel preparation is still widely practiced 
despite the convincing evidence against its use.

•	 In summary, bowel preparation should not be 
used for right or transverse colectomies, 
whereas retrograde enemas are accepted before 
left-sided resections. A full anterograde bowel 
preparation should be reserved for specific sit-
uations such as intraoperative colonoscopy to 
locate a tumor and the creation of a neovagina, 
and should be further studied in the case of low 
anterior resections of the rectum.

36.3.4	 �Steroids: From Foe to Friend?

•	 Steroids have been demonized for decades 
and are still feared by many surgeons for their 
negative impact on immune defense and 
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wound healing. Indeed, chronic steroid use 
seems to increase infectious complications, 
especially after rectal resections. The effect on 
wound healing seems to be time- and dose-
dependent. Even high-dose corticosteroids 
have not been associated with adverse out-
comes if administered for <10  days before 
surgery. Other studies reported more wound 
complications only for patients on high-dose 
corticosteroids for at least 30 days. The thresh-
old dosage in most studies is around 20 mg/
day of prednisone [34, 39].

•	 Single-dose preoperative administration of 
corticosteroids was suggested many years 
ago to dampen an excessive postsurgical 
stress response and thus to positivley influ-
ence surgical outcomes. While wound prob-
lems remained unaffected, a decrease in 
pulmonary complications was observed. 
Dexamethasone has been studied extensively 
with regard to its effect on postoperative nau-
sea and vomiting, and the literature was 
recently summarized by a systematic review 
of 60 RCTs including 6,696 participants. By 
a single dose of 4–5 mg dexamthasone, inci-
dence of postoperative nausea and vomiting 
was largely reduced, achieving an odds ratio 
of 0.31 (95 % CI 0.23–0.41) and a number 
needed to treat of only 3.7 (95 % CI 3.0–4.7). 
No further clinical benefit was observed 
when comparing 4–5 mg of dexamethasone 
with higher doses (8–10 mg) [12].

•	 Low-dose steroids are successfully used as an 
adjunct pain treatment in multimodal path-
ways. According to a systematic review of 45 
RCTs (5,796 patients), patients receiving dex-
amthasone at a dose between 1.25 and 20 mg 
benefitted from a lower postoperative pain 
score, reduced opioid consumption, less res-
cue analgesia, and a shorter stay in the recov-
ery room when compared with the control 
group. No negative effect on wound healing 
was noted, and blood glucose levels increased 
only moderately. The clinical benefits were 
not related to the dose of dexamethasone [50]. 
Therefore, most modern perioperative care 
pathways suggest preoperative administration 
of dexamthasone at a dose of 4–8 mg.

36.3.5	 �Avoidance of Surgical Site 
Infections

•	 Wound infections are a deplorable but, at the 
same time, an inevitable risk after colorectal 
surgery. Honest reporting and clinical follow-
up situate surgical site infection (SSI) rates 
after colorectal surgery around 20 % after 
open resections and around 10 % after laparo-
scopic resections. Much “lower” SSI rates are 
reported from US centers, where a chart-based 
review is performed for surveillance of SSIs. 
This is an important methodological differ-
ence when comparing SSI between centers, 
especially as a quality parameter. The better a 
patient’s follow-up, the higher are the SSI 
rates!

Risk factors for SSIs are many and are 
mainly related to the patient or to the proce-
dure [24]. Many of these factors, such as cor-
rection of malnutrition, smoking cessation, 
and proper hair removal, are potentially modi-
fiable and have been addressed in recent rec-
ommendations. The guidelines of the UK 
National Institute for Clinical Excellence pro-
vide an exhaustive overview and mostly clear 
recommendations [30]. Surgeons’ adherence 
to these evidence-based guidelines remains 
modest at best and varies largely across the 
different items. “Easy” measures such as 
properly timed antibiotic prophylaxis, preven-
tion of hypothermia, and adequate skin disin-
fection have been widely adopted. On the 
contrary, smoking cessation counseling, 
screening and treatment of malnutrition, and a 
“no-drain” policy seem to pose problems. It 
must be mentioned that at least half of the rec-
ommendations are not really based on a solid 
scientific evidence [14].

•	 Furthermore, rigid application of “prevention 
bundles” have not necessarily improved out-
comes. The surgeon and his or her surgical 
procedure have probably the highest impact 
on the risk for SSI. This has statistically been 
shown in a prospective multicenter study, but 
it remains extremely difficult to describe or 
measure a surgeon’s performance [3, 24, 42]. 
Discipline in the operating room and high 
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adherence to standard antiseptic measures are 
probably the two key elements for low SSI 
rates.

36.4	 �Minimal Invasive Surgery

•	 Many prospective randomized trials including 
benign diseases and oncologic patients 
(COST, CLASSIC, and COLOR trials) dem-
onstrated clear short-term patient-related ben-
efits for a minimally invasive approach 
compared with open surgery. Patients oper-
ated on laparoscopically had less pain; faster 
recovery of bowel movement, allowing earlier 
oral intake; less postoperative ileus; and ear-
lier first bowel movement, resulting in earlier 
discharge and return to regular physical 
activity.

Patients converted to open surgery lose all 
these patient-related benefits, with a similar 
length of stay and morbidity as patients under-
going primary open surgery.

Of note, if conversion was performed pre-
emptively and not reactively as the result of an 
intraoperative adverse event or complication, 
the benefits of a minimally invasive approach 
can be preserved.

•	 In the Laparoscopic and/or Fast Track 
Multimodal Management versus Standard Care 
(LAFA) trial, patients with adenoma or colon 
cancer were randomized to laparoscopic or 
open resection within a fast-track or standard 
perioperative program [49]. Patients treated 
laparoscopically with fast-track perioperative 
care had an accelerated recovery and were dis-
charged fastest without significant differences 
in morbidity. The LAFA trial also demonstrated 
that the accelerated recovery is correlated more 
to the type of surgery (laparoscopy) and less to 
aftercare. Regression analysis showed that lap-
aroscopy was the only independent predictive 
factor to reduce hospital stay and morbidity. 
Other significant factors determining early 
recovery were enforced advancement of oral 
intake, early mobilization, and female sex. This 
faster recovery is also true in older (>65 years) 
patients undergoing laparoscopic resection for 

colon cancer. In addition, after a median fol-
low-up of 3.4 years, patients undergoing lapa-
roscopic resection in the LAFA trial had fewer 
incisional hernias and fewer adhesional small-
bowel obstructions [2].

•	 Patients undergoing laparoscopic resections 
showed higher human leukocyte antigen-DR 
on monocytes, a marker for preserved immune 
competence, until 3  days after surgery com-
pared with open resections. Inflammatory val-
ues such as CRP and IL-6 were highest after 
open surgery. These differences in immune 
competence and inflammatory response seem 
to be correlated to the type of surgery and not 
aftercare. Thus a minimally invasive approach 
is preferable [27].

36.5	 �Multimodal Pathways: 
Enhanced Recovery 
After Surgery

Adverse postoperative outcomes are closely 
related to the magnitude of the postsurgical meta-
bolic stress response. The previous chapters 
outlined different individual measures to opti-
mize perioperative care in order to improve post-
operative outcomes. Most of these items have a 
positive influence on the metabolic stress 
response. It is therefore a logical consequence to 
bundle these preventive and beneficial measures 
in clinical pathways to optimally target surgical 
stress response and hence to improve postopera-
tive recovery (Fig. 36.1).

36.5.1	 �History and Development

•	 The first reports of fast-track surgery were 
published almost two decades ago by Kehlet 
and coworkers. By applying dedicated path-
ways, patients were able to recover quickly, 
leading to hospital stays of only 2–3 days after 
colon resections, whereas the usual average 
was about 10 days. These clinical results have 
been reproduced [16].

O.  Ljungquist is credited with the further 
development of fast-track surgery to enhanced 
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recovery after surgery (ERAS) pathways. The 
main focus was on improving, not accelerat-
ing, the recovery process. Based on patho-
physiological considerations and a thorough 
review of the literature, ERAS guidelines have 
been established and actualized for several 
types of surgeries.

36.5.2	 �Definition and Protocols

•	 ERAS is a multimodal pathway aiming to 
reduce the postsurgical stress response and thus 
to enhance the recovery process. The current 
protocols combine over 20 individual items, 
most of which have an evidence-based positive 
impact on the metabolic stress response and/or 
clinical outcomes [20, 33] (Fig. 36.2). Key fac-
tors of those pathways are stringent fluid man-
agement (zero fluid balance), early mobilization 
and food intake, and modern multimodal  

opioid-sparing pain strategies. Epidurals 
remain the backbone of analgesia regimens for 
open procedures; however, for laparoscopic 
procedures, other options such as intravenous 
lidocaine, transversus abdominis plane blocks, 
or spinal injections have proven to be easier to 
handle and equivalent, if not superior, in terms 
of pain relief and recovery [23, 26, 32]. An 
important part of enhanced recovery protocols 
is the omission of unnecessary or even deleteri-
ous measures such as bowel preparation, pro-
phylactic nasogastric tubes, surgical drains, and 
Foley catheters for >24 h.

•	 Several measures act together to achieve the 
main goals of pain control, homeostasis, pre-
vention of ileus, and patient comfort. Hence the 
protocol is no arbitrary accumulation of items 
but a conclusive master plan. It has been shown 
that clinical outcomes relate directly to the 
adherence with the protocol [19]. A systematic 
implementation process can help to increase 
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application of the pathway and to improve out-
comes. Prospective audit of the compliance 
with the intended pathway and of the clinical 
results is extremely helpful to improve the 
results and to identify and correct problems.

36.5.3	 �Clinical Results

The initial fast-track protocols focused mainly on 
reducing the duration of hospital stay, and a 
median length of stay of 3 days could be achieved 
after colectomy without increasing readmission 
rates. The Zurich multicenter study was the first 
randomized trial that also showed a largely reduced 
complication rate by applying an enhanced recov-
ery pathway [32]. The current evidence encom-
passes 16 RCTs and 2,376 patients. By applying 
an ERAS protocol, overall complications were 
significantly reduced, with a calculated odds ratio 
of 0.60 (95 % CI 0.46–0.76) [16]. It is important to 
mention that this effect was the result of a reduc-
tion of nonsurgical complication, whereas surgical 
morbidity, including anastomotic leak and wound 
infections, remained unchanged. Hospital stay 
was shortened by 2.3 days (95 % CI 1.47–3.09), 
whereas readmissions and mortality were similar 
between the comparative groups.

In addition to the proven clinical benefits, 
ERAS pathways have been proven to be cost-
effective [38] (despite initial high costs for imple-
mentation) and should be considered the standard 
of care, at least for colorectal surgery.

36.5.4	 �Challenges and Perspective

It takes time to overcome traditional care, to fight 
old dogmas, and to transfer scientific evidence 
into daily routine. Furthermore, enhanced recov-
ery protocols vary considerably. Comprehensive 
ERAS recommendations provide easy-to-follow, 
evidence-based guidance [20, 33]. However, 
Dutch and Swiss experiences showed that “a pro-
tocol was not enough to implement an enhanced 
recovery program.” A structured implementation 
program has been proven to be effective in foster-
ing successful implementation with good 

sustainable results. These encouraging results 
can motivate centers that have not yet adopted a 
modern perioperative care pathway.

•	 All evidence-based recommendations have to be 
considered as temporary and subject to change 
according to new, evolving evidence. This is par-
ticularly true for enhanced recovery guidelines, 
which should be challenged and updated regu-
larly. Continuous clinical research and auditing 
of the protocol and clinical outcomes well help 
to develop optimal perioperative care further.

Multiple factors contribute to the surgical 
stress response. These include risk factors related 
to the procedure, to the patient, or to periopera-
tive care. Many risk factors can be corrected pre-
operatively (prevention) or be addressed by 
perioperative multimodal pathways.

Insulin resistance is a reliable surrogate param-
eter for a patient’s general status. Many patients 
undergoing major surgery arrive at the hospital 
already in a poor condition. Surgical trauma and 
many factors of traditional care pathways contrib-
ute to the further deterioration of the physical con-
dition, leading to a long and tedious recuperation.

Optimization of a patient should start during 
the outpatient period (e.g., nutritional screening 
and support, smoking cessation, prehabilitation). 
Then the patient should be included in a compre-
hensive multimodal pathway to improve surgical 
stress response and thereby enhance recovery and 
improve outcomes. A shorter hospital stay is a 
welcome side effect.

Evidence-based measures are bundled 
together to improve the surgical stress response 
and to reduce consequent complications. The 
pathway contains a multitude of beneficial 
actions; on the other hand, several detrimental or 
unnecessary measures should be omitted.
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Intestinal Failure
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Abbreviations

HPN	 Home parenteral nutrition
IF	 Intestinal failure

37.1	 �Definitions

37.1.1	 �Intestinal Failure

The concept of intestinal failure (IF) was intro-
duced in 1981 [1]. IF is currently defined as a 
reduction of gut function below the minimum 
necessary for the absorption of macronutrients, 
water, or electrolytes, such that parenteral sup-
plementation is required [2]. This definition 
encompasses not only states where absolute 
intestinal length has been reduced (short bowel 
syndrome) but also conditions in which func-
tional intestinal length has been reduced, such 
as proximal enterocutaneous fistulation, as well 
as conditions where the bowel is anatomically 
intact but intestinal function is severely 
impaired, such as in motility disorders or radia-
tion enteritis.

37.1.2	 �Intestinal Dysfunction

Some patients with impaired gut function may 
remain nutritionally independent by significantly 
increasing their oral intake (compensatory hyper-
phagia). This state is usually referred to as intes-
tinal dysfunction rather than IF [3].

37.2	 �Classification

IF can range from a brief and self-limiting to a 
chronic and irreversible condition. IF can be 
broadly classified into three commonly occurring 
subtypes characterized by increasing duration 
and clinical severity [4] (Table  37.1). Patients 
with type 1 and type 2 IF (known as acute and 
acute severe IF, respectively) are usually cared 
for in a hospital, typically on a surgical ward or in 
a critical care environment. Patients with type 3 
IF (known as chronic IF) are usually managed in 
an outpatient setting, receiving home parenteral 
nutrition (HPN) under the care of medical gastro-
enterologists. Gastroenterological surgeons fre-
quently encounter patients with type 1 IF, for 
example, following abdominal surgery, when 
digestive function may be slow to return, or in the 
setting of intestinal obstruction. Such patients 
usually require little more than safe parenteral 
nutrition until IF resolves (by definition, within 
28 days). By contrast, patients with type 2 IF are 
usually critically ill, at least at the onset of their 
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illness, as a result of severe abdominal sepsis and 
intestinal fistulation. Type 2 IF is relatively 
uncommon and management in the United 
Kingdom and increasingly in Europe is being 
confined to specialized centers as multidisci-
plinary teams are needed to provide cost-efficient 
care and obtain the best outcomes.

37.3	 �Epidemiology of Intestinal 
Failure

Postoperative paralytic ileus and small bowel 
obstruction are by far the most common causes of 
type 1 IF.  The incidence of type 1 IF greatly 
depends on how ileus is defined, since the dura-
tion of postoperative gastrointestinal dysmotility 
varies greatly. For example, patients typically 
cannot eat for about 3  days after elective open 
colorectal surgery performed with traditional 
perioperative care, whereas patients undergoing 
laparoscopic surgery within an enhanced-
recovery protocol usually tolerate solid food after 
1 day [5]. Many definitions of ileus have been put 
forward, but regardless of which is used, it is 
clear that a substantial proportion of patients 
require parenteral fluids, and often parenteral 
nutrition, for periods lasting from days to weeks 
in both acute and elective surgical care. The inci-
dence of type 1 IF is therefore substantial.

The incidence of type 2 IF is probably far less 
common than type 1 IF, although there are rela-
tively few good epidemiological data. In the United 
Kingdom, the prevalence of type 2 IF, estimated 
from the number of patients receiving in-hospital 

parenteral nutrition lasting 28 days or more, indi-
cates a point prevalence of 9 in 1 million popula-
tion [6]. This is an indirect estimate based on actual 
total parenteral nutrition prescriptions and may 
underestimate the number of cases. Thus the true 
prevalence of type 2 IF remains unknown, but it is 
probably somewhat higher than usually reported.

The prevalence of type 3 IF can similarly be 
estimated from the number of patients who receive 
HPN. This is known to vary greatly between and 
within countries, indicating important regional 
variations in both the availability of and indica-
tions for HPN.  In the United Kingdom, where 
HPN is not frequently prescribed as part of pallia-
tive care, the number of patients receiving HPN in 
2011 was 624, yielding an estimated prevalence of 
type 3 IF of ten per million population [7].

37.4	 �Etiology and Prevention of IF

37.4.1	 �Type 1 IF

The most common preventable cause of type 1 IF 
is postoperative ileus. Several perioperative inter-
ventions and techniques have been shown to 
attenuate this common condition, including 
avoidance of fluid overloading, minimising opi-
oid administration, using mid-thoracic epidural 
analgesia, and administration of peripheral opi-
oid antagonists. The combination of such inter-
ventions in enhanced-recovery protocols has 
been shown to preserve normal gastrointestinal 
function after major colorectal surgery [8] (see 
Chap. 36).

Table 37.1  Three common types of intestinal failure

Duration Reversible Examples

Type 1 <28 days Yes Postoperative ileus, mechanical 
small-bowel obstructionOften spontaneous resolution

Type 2 ≥28 days Yes Enterocutaneous fistula
Often requires complex interventions 
and reconstructive surgery

Crohn’s disease with abdominal sepsis

Type 3 Chronic Rarely Massive small-bowel resection
Small-bowel transplantation, small 
bowel lengthening, or glucagon-like 
peptide 2 agonist therapy can be 
considered in selected cases

Radiation enteritis
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37.4.2	 �Type 2 IF

In at least one-third of patients with IF, the under-
lying cause is a major complication of abdominal 
surgery [9] (Table 37.2). The second most com-
mon underlying cause is Crohn’s disease, fol-
lowed by mesenteric ischaemia.

Type 2 IF can result from any abdominal sur-
gical procedure. Laparoscopic division of adhe-
sions, laparoscopic hernioplasty, and bariatric 
surgery are increasingly important causes of type 
2 IF. The characteristic sequence of events that 
leads to type 2 IF is an unrecognized or inade-
quately treated enteric injury or an anastomotic 
or suture line dehiscence resulting in abdominal 
sepsis, for which further surgery may have been 
performed, leading to a high output stoma or 
intestinal fistula.

Emergency surgery for sepsis or trauma may 
occasionally necessitate leaving the abdomen 
open in an attempt to control sepsis and prevent 
intra-abdominal compartment syndrome. Leaving 
the abdomen open in the setting of trauma seems 
to be associated with relatively low (<5 %) rates 
of intestinal fistulation and type 2 IF, whereas in 
patients with sepsis the rates of intestinal fistula-
tion and type 2 IF may exceed 10 %; some studies 
have suggested rates in excess of 20 %. Use of 
negative-pressure devices to manage the open 
abdomen in this setting is highly controversial, 
with some studies reporting a significant increase 
in fistulation and mortality [10, 11]. However, the 
largest prospective study reported to date failed to 
identify an increase in the rate of fistulation or 

type 2 IF in patients with an open abdomen 
(caused by sepsis in 70 %), treated with negative-
pressure wound therapy [12].

Avoiding type 2 IF depends not only on the 
careful selection of patients and meticulous sur-
gical technique avoid complications but also 
prompt recognition and expert senior manage-
ment of complications when they arise. 
Anticipating and avoiding bowel injury in reop-
erative surgery [13] and avoiding construction of 
an anastomosis in unfavorable circumstances [6] 
may enable type 2 IF to be avoided completely in 
many such cases.

In patients with mesenteric ischemia, revascu-
larization is occasionally possible in cases of 
early arterial embolic ischemia. It may be appro-
priate to retain bowel that is not clearly necrotic, 
which can be reexamined at a planned second-
look laparotomy 24–72  h later. Anastomosis 
should only be considered if the bowel is clearly 
viable and the patient hemodynamically stable. 
In the event that the bowel is viable but the patient 
unstable, a double-barreled stoma is preferable, 
and bowel continuity can be restored later, with-
out the need for a full laparotomy.

Crohn’s disease is the second most common 
underlying cause of type 2 IF, as indicated ear-
lier. Patients with complications of surgery for 
Crohn’s disease represent one of the largest 
groups with type 2 IF. This association between 
Crohn’s disease and IF must be recognized so 
that unnecessary surgical risks and bowel 
resection can be avoided. Bowel-sparing tech-
niques such as balloon dilatation of strictures 
and stricturoplasty, in association with bio-
logic therapy, may be important to conserve 
the bowel.

The vast majority of type 3 IF in Crohn’s dis-
ease results from poor management of type 2 
IF. In other words, progression from severe acute 
to chronic IF in Crohn’s disease is mainly the 
result of complications of surgery rather than 
bowel loss resulting from multiple, 
uncomplicated bowel resections [14]. The risks 
of complications from surgery for Crohn’s dis-
ease can be reduced by meticulous technique 
and careful selection of cases for primary anas-
tomosis [15] (see Chap. 15).

Table 37.2  Underlying causes of intestinal failure in 
patients admitted to Salford Royal Hospital Intestinal 
Failure Unit (institutional audit data from 2002–2005; 
n = 134)

Underlying cause Frequency (%)

Postoperative complications 32
Crohn’s disease 21
Mesenteric ischemia 13
Dysmotility disorder 14
Malignancy 8
Radiation 2
Celiac disease 2
Others 8
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37.4.3	 �Type 3 Intestinal Failure

Patients with type 3 IF represent the end stage of 
processes that lead to irreversible functional or 
anatomic loss of small intestine, beyond the 
amount required to maintain life without paren-
teral nutrition. The majority of patients with type 3 
IF have short bowel syndrome, most commonly as 
a consequence of the conditions that lead to type 2 
IF. A smaller proportion of patients develop type 3 
IF as a result of conditions that neither arise from, 
nor usually require, surgical treatment, including 
scleroderma and motility disorders. Their etiology 
is beyond the scope of this chapter.

37.5	 �Management

37.5.1	 �Management of Type 1 IF

The management of type 1 IF is usually relatively 
simple, and the expertise and facilities required 
should be available in every center in which patients 
with abdominal surgery are treated. The vast major-
ity of patients with type 1 IF require little more than 
safe and effective parenteral fluid therapy  – and 
often parenteral nutrition  – until the underlying 
condition resolves. Whether resolution requires 
active intervention (e.g., the management of some 
cases of mechanical intestinal obstruction) or con-
servative treatment (e.g., the management of an 
ileus resulting from severe acute appendicitis) is 
irrelevant. In all cases, the focus must be on provid-
ing complication-free and effective nutritional and 
fluid therapy. The role of dedicated nutrition sup-
port teams and avoidance of catheter-related sepsis 
are important to ensure the best outcomes [6].

37.5.2	 �Management of Type 2 IF

The presentation of type 2 IF is complex and 
often life-threatening. Patients are usually sys-
temically unwell from multiple disease pro-

cesses, including sepsis, malnutrition, electrolyte 
disturbances, underlying disease activity, and 
concurrent complications. In addition, there is 
often an open abdominal wound and/or enterocu-
taneous fistulation (Fig.  37.1). A structured 
approach is therefore essential for a successful 
outcome. The goals in managing type 2 IF are 
multiple: to prevent mortality; to restore as much 
intestinal function as possible, thus avoiding pro-
gression to chronic (type 3) IF; to establish HPN 
when indicated; and to close fistulas, stomas, and 
open abdominal wounds when possible.

A multidisciplinary team comprising nurses 
(with specialized nutrition and stoma care experi-
ence), dieticians, pharmacists, intensivists, physi-
cians, clinical psychologists, and surgeons is 
needed to manage such patients effectively. 
Recognizing this, many centers in the United 
Kingdom and elsewhere have begun to centralize 
the care of such patients in dedicated intestinal 
failure units.

To address the multiple clinical challenges that 
type 2 IF presents in the order in which they cause 
mortality and morbidity, the so-called SNAP (sep-
sis, nutrition, anatomy, procedure) approach was 
proposed and has evolved over time [16]. This 
mnemonic outlines a rational approach to manage-
ment in an appropriate order of clinical priorities 
for the majority of patients with type 2 IF.

Fig. 37.1  Severe abdominal sepsis associated with fistu-
lation in the open abdomen
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37.6	 �Sepsis and Skin Care

A majority of patients with type 2 IF have active 
intra-abdominal infection at presentation. Sepsis, 
as conventionally defined (i.e., by the presence of 
signs such as fever, tachycardia, tachypnea, and 
leukocytosis), is frequently absent in patients 
with type 2 IF, possibly because infection is long-
standing and walled off. More than half of 
patients with active abdominal infection in type 2 
IF have no overt clinical signs of sepsis. Infection 
in this group more often presents with subtle signs 
such as persistent hypoalbuminemia, hyponatre-
mia, high levels of inflammatory markers, 
deranged liver function (notably unexplained 
jaundice), and failure to gain weight (or even 
cachexia) despite appropriate nutritional support.

Whether overt or subtle, diagnosis and treat-
ment of infection are nevertheless the first prior-
ity, for two main reasons. First, sepsis locks 
intermediary metabolism in a state of catabolism. 
Thus, until sepsis has resolved, there is resistance 
to the normally anabolic effects of insulin on car-
bohydrate and protein metabolism, and little 
progress is possible, even though nutritional 
needs can be met or even exceeded [17].

Second, severe sepsis can develop quickly in 
this population, often following surgical inter-
vention. Sepsis remains the most common direct 
cause of death in IF; some 70 % of deaths in an 
intestinal failure unit are a direct result of sepsis 
[9]. Therefore, as soon as possible after presenta-
tion, blood and line cultures, wound swabs, urine 
cultures, chest films, and computed tomography 
(CT) of the abdomen and pelvis with oral and 
intravenous contrast should be obtained. These 
tests may need to be repeated in patients who fail 
to thrive and complemented as required by echo-
cardiography, magnetic resonance cholangiopan-
creatography, labelled leucocyte scintigraphy, 
and occasionally positron emission tomography/
CT to identify occult septic foci.

Radiologically guided percutaneous drainage 
of abdominal and pelvic abscesses is the treat-

ment of choice, unless the anatomic position of 
collection renders this impossible or anastomotic 
continuity is completely lost (in which case drain-
age without a defunctioning stoma is unlikely to 
provide adequate source control). Drainage 
should be supported (but not replaced) by antibi-
otic therapy, guided by expert microbiological 
advice, and adjusted following microbiological 
analysis of samples sent at the time of drainage.

Emergency laparotomy in type 2 IF should be 
undertaken only in systemically unwell patients 
in whom abdominal infection cannot be treated 
adequately by other means. At laparotomy, col-
lections should be thoroughly washed out and 
cavities controlled with large-bore drains. 
Importantly, any suspicion of a visceral leak 
“feeding” the septic cavity warrants diversion of 
intestinal contents by resection and exterioriza-
tion of the bowel ends or the formation of a prox-
imal diverting loop stoma. Severe, poorly 
controlled abdominal or pelvic sepsis, especially 
when there are multiple small-bowel loops fixed 
within the inflammatory process, may necessitate 
leaving the abdomen open. This improves control 
of abdominal sepsis, but at the cost of more com-
plex wound management, more demanding 
abdominal wall reconstruction during later defin-
itive surgery, and an increased risk of enteroat-
mospheric fistulation [12].

From the patient’s point of view, the presence 
of an intestinal fistula, particularly poorly con-
trolled drainage of fistula effluent onto the 
abdominal wall, is one of the most harrowing fea-
tures of type 2 IF (Fig. 37.1). The involvement of 
expert enterostomal therapy in wound manage-
ment should be considered early to protect the 
skin from leakage of enteric content. Given the 
complexity of intestinal fistulas in this setting, an 
individualized solution is likely to be required for 
each patient and may need to be revised as the 
size and shape of the wound changes with time 
(Fig. 37.2). Uncontrollable fistula leakage is an 
infrequent but important indication for a proxi-
mal defunctioning stoma.

37  Intestinal Failure
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37.7	 �Nutrition and Medical 
Therapy

With the exception of complex research tools, 
there is no precise measure of nutritional status in 
severe illnesses such as type 2 IF.  Weight and 
anthropometric measurements are often mislead-
ing because of the water retention and fluid shifts 
associated with acute illness. Hypoalbuminemia 
reflects systemic inflammation and is not a valid 
marker of nutritional status [18]. Other carrier 
proteins such as prealbumin and transferrin are 
similarly affected by acute disease states. In prac-
tical terms, a detailed history of recent nutritional 
intake and an estimate of weight loss are the most 
important pieces of information in the assess-
ment of nutritional status in this population.

Nutritionists, dieticians, and pharmacists are 
essential members of the multidisciplinary team 
caring for patients with type 2 IF. Maintenance 
requirements of calories, protein, and micronutri-
ents are estimated. Refeeding syndrome is an 
important concern for many patients and needs to 
be prevented using standard precautions [19]. 
Patients with type 2 IF are usually allowed fluids 
and food ad libitum, unless doing so would 
impede the resolution of abdominal sepsis, delay 
spontaneous fistula closure, or complicate wound 
management or fluid balance. Remaining fluid, 
electrolyte, and nutritional needs are met by par-
enteral nutrition.

In patients with an enterocutaneous fistula, the 
chance of spontaneous closure is assessed using 

established criteria (Table 37.3). Although the effi-
cacy of bowel rest in this setting is only supported 
by observational data, it is often used and has been 
suggested to decrease the time to, and increase the 
probability of, spontaneous closure in cases where 
spontaneous closure is deemed likely [20]. In this 
group of patients, parenteral nutrition is therefore 
started and the patient given nothing by mouth or 
allowed only sips of water for comfort. Fistulas that 
close spontaneously invariably do so within the 
first 7 weeks [20, 21]; therefore, if a fistula fails to 
close within 7  weeks, oral or enteral nutrition is 
restarted at this point. Somatostatin analogues, fre-
quently used for postoperative pancreatic fistulas, 
have been suggested as adjuncts in the manage-
ment of enterocutaneous fistulas. The literature is 
unclear regarding the efficacy of somatostatin ana-
logues; meta-analyses have included patients with 
pancreatic fistulas and patients with enterocutane-
ous fistulas [22]. An ongoing Cochrane review 
assesses the role of somatostatin analogues specifi-
cally in patients with enterocutaneous fistulas [23].

Patients with at least 80 cm of healthy, defunc-
tioned, nonobstructed, and accessible (through an 
enterocutaneous or a mucous fistula) small intes-
tine can successfully receive a significant amount 
of nutrition or fluids through distal enteral feeding 
or fistuloclysis. Such feeding can be used to con-
dition the distal bowel before restoring continuity 
and may reduce or eliminate the need for paren-
teral fluids or nutrition in suitable patients [24].

Many patients with type 2 IF require a pro-
longed period of parenteral nutrition until defini-
tive reconstructive surgery can be performed. 
This allows body composition and nutritional 
status to be restored while the patient recovers 
physically and psychologically from a period of 
critical illness. When possible, our preference is 
to discharge patients on parenteral nutrition to 
their own homes until reconstructive surgery is 
appropriate (see Sec. 37.9.1).

37.8	 �Investigation of Anatomy 
and Function

Cross-sectional imaging is often obtained to diag-
nose sepsis during initial assessment. CT of the 
abdomen and pelvis with both intravenous and 
oral contrast is ideal; it both enhances abscess 

Fig. 37.2  Same patient as in Fig. 37.1 after 3 months of 
meticulous wound care, showing the beginning of bowel 
prolapse and a shrinking defect filled with granulation 
tissue
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walls and gives an indication of the amount of 
bowel in and out of continuity. An early fistulo-
gram may also be appropriate to determine 
whether there are factors that may allow or prevent 
spontaneous closure (Table 37.3). Other forms of 
radiological assessment are seldom of value until 
reconstructive surgery is planned and are therefore 
usually postponed, with the focus being clearly on 
treating infection and providing wound and stoma 
care and complication-free nutritional support.

Before reconstructive surgery, water-soluble 
contrast studies may be of value to precisely map 
the anatomy. The distal bowel should never be 
assumed to be healthy before any restoration of 
bowel continuity because clinically significant stric-
tures caused by adhesions or nonidentified disease 
can be missed, leading to postoperative obstruction 
and anastomotic dehiscence. Radiological assess-
ment includes, but is not limited to, small-bowel 
follow-through studies, fistulograms, and loopo-
grams, the latter of which are undertaken to assess 
defunctioned intestinal segments. Retrograde stud-
ies via an ileostomy may also be helpful. Finally, 
the colon, if present and even if assumed to be 
healthy, must always be assessed, typically using a 
water-soluble, single-contrast water contrast enema. 
Occasionally, clinically silent fistulation to other 
structures may suggest the need for other imaging, 
including of the urinary and biliary tracts.

The size of any abdominal wall defect should 
be assessed using cross-sectional imaging shortly 

before performing reconstructive surgery so that 
an appropriate strategy can be developed for the 
reconstruction of any associated abdominal wall 
defect [25].

37.9	 �Surgical Procedures

37.9.1	 �Preoperative Planning

Definitive surgery for type 2 IF often has two 
principal and separate goals, both of which can 
be challenging. The first goal is to restore gastro-
intestinal continuity to the degree that the 
patient’s anatomy allows, with the ultimate aim 
of restoring nutritional autonomy. The second 
goal, in the frequent case of an open abdomen or 
hernia, is to reconstruct the patient’s abdominal 
wall. The timing of such surgery is critical. 
Although surgeons who rarely manage intestinal 
failure may feel the need to intervene early, expe-
rience has shown that attempting to restore intes-
tinal continuity too early leads to an increased 
rate of complications, including anastomotic 
dehiscence and refistulation [20]. This is likely to 
be the result of both local factors, such as ongo-
ing inflammation, and systemic pathophysiology, 
such as a catabolism and immunosuppression.

In practice, most patients with type 2 IF 
require 6–12  months of rehabilitation before 
definitive surgery. Local signs that wound healing 

Table 37.3  Likelihood that a postoperative enterocutaneous fistula will close spontaneously can be estimated from the 
presence of favorable and unfavorable factors

Factor Favorable Unfavorable

Fistula Long, narrow track Short, wide track
Intestinal continuity Mucosal separation
No obstruction Diseased bowel

Downstream obstruction
Closed abdomen Abdominal defect

Organ Gastric Duodenal
Colon Jejunoileal

Sepsis Absent Present
Aetiology Inflammatory bowel disease Other benign disease

Malignancy
Age <50 years >50 years
Origin Same hospital Transfer
Fistula output <500 mL/day >500 mL/day
Malnutrition Absent Present
Duration <7 weeks >7 weeks
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has been completed in the abdomen and that the 
peritoneal cavity has become less hostile (or rees-
tablished, in the case of an open abdomen) 
include a soft abdominal wall and, specifically, 
prolapse of stomas or fistulas upon coughing. 
Systemic assessment includes, in addition to a 
routine physical examination and nutritional 
assessment, a preoperative cardiopulmonary 
exercise tolerance test and serum albumin deter-
mination as a marker of occult inflammation. 
Considerable planning should be undertaken 
with respect to the strategy for reconstructing 
both the gastrointestinal tract and abdominal 
wall, so that the proposed treatment plan can be 
discussed in detail with the patient first. 
Reconstructive surgery is frequently high risk, 
complex, and undertaken in stages, and there 
may be a variety of surgical options. It is essen-
tial that, as part of the process of informed con-
sent, the patient and his or her family understand 
what treatment is being proposed and the associ-
ated risks and benefits.

Surgery is usually undertaken in the Lloyd-
Davies position. Ureteric catheters are beneficial 
to help identify the ureters, which are frequently 
displaced and scarred from previous surgery. 
Ample time in the operating room should be 
allowed. Because of the length (often on the 
order of 10–12  h) and complexity of surgery, 
definitive reconstructive surgery for type 2 IF is 
best performed by teams with two senior gastro-
intestinal surgeons and colleagues from relevant 
specialties such as urology, plastic surgery, and 
occasionally vascular surgery [25].

37.9.2	 �Restoration of 
Gastrointestinal Continuity

For patients with available distal discontinuous 
bowel, restoration of continuity may obviate or 
reduce the need for long-term parenteral nutri-
tion and its associated complications. In each 
case these potential benefits must be weighed 
against the risks of anastomotic dehiscence. This 
risk is reduced by delaying surgery as described 
until local and systemic factors are optimized, 
including weaning from steroid therapy and 

treatment with biologics and immunomodula-
tors, where appropriate. Enterocutaneous and 
other intestinal fistulas should be formally 
resected, rather than simply repaired, which 
almost inevitably fails [25].

After careful reentry into the abdomen, the 
full length of the small bowel is mobilized and 
freed of adhesions to reduce the risk of postop-
erative obstruction. Avoidance of serosal tears and 
enterotomies is essential. For dense adhesiolysis, 
such as in the dissection of fragile, defunctioned 
small intestine off the abdominal wall, we prefer 
meticulous knife dissection to diathermy or scis-
sors (Fig. 37.3). The anastomotic technique must 
be meticulous. The choice of anastomotic tech-
nique is probably less important, although sta-
pled side-to-side anastomosis may facilitate the 
restoration of continuity where there is a signifi-
cant size discrepancy between two bowel ends. It 
does, however, result in a modest loss of available 
functional surface area, which, when multiple 
anastomoses are created in a relatively short 
bowel, may become critical. Anastomoses should 
never be left in old abscess cavities, as this 
increases the likelihood of refistulation. The 
omentum may be used to fill old cavities and 
sutured into position to prevent the small intes-
tine from falling into the sites of old abscesses. 
Multiple anastomoses should be defunctioned 
with a proximal loop or double-barreled (split) 
stoma, and this can be subsequently closed when 
downstream imaging has confirmed satisfactory 
healing.

Fig. 37.3  Sharp knife dissection of dense abdominal 
adhesions
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37.9.3	 �Abdominal Wall 
Reconstruction

The scope of this chapter does not allow a com-
prehensive review of abdominal wall recon-
struction; however, a few points specific to IF 
surgery are warranted. Reconstruction of an 
associated abdominal wall defect has a crucial 
impact on the outcome of reconstructive sur-
gery. Failure of abdominal wall reconstruction 
is associated with an unacceptable risk of refis-
tulation, and the optimal strategy for abdominal 
wall reconstruction should therefore be consid-
ered at the outset [25, 26].

Implantation of nonbiological foreign mate-
rial should be avoided whenever possible, as 
abdominal wall defects are almost always heavily 
contaminated. In moderately large fascial defects, 
closure can often be achieved using component 
separation techniques [27], perhaps reinforced by 
inserting porcine dermal collagen implants. The 
use of implants alone has been associated with 
very poor results in this setting [26], whereas 
recent refinements in technique, such as the pos-
terior separation of components, have reduced 
some of the complications associated with ante-
rior abdominal wall release [28].

In very large abdominal wall defects, free ped-
icled musculocutaneous flaps are indicated and 
excellent outcomes have been reported, provided 
the necessary plastic surgery expertise is avail-
able [29].

37.10	 �Management of Type 3 IF

Surgery currently has a limited role in the man-
agement of patients with type 3 IF.  The vast 
majority of adult patients with type 3 IF seem to 
have an acceptable quality of life on 
HPN.  Intestinal transplantation is reserved for 
otherwise healthy individuals who develop com-
plications of HPN, such as IF-associated liver 
disease, requiring liver transplantation, or loss of 
venous access, usually as a consequence of 
repeated episodes of catheter-related sepsis or 
thrombosis. In such cases, intestinal transplanta-
tion may be appropriate.

Alternative strategies for increasing the length of 
functional small intestine in patients with short 
bowel syndrome, including intestinal lengthening 
procedures, have been evaluated in children and 
may be successful in restoring nutritional autonomy 
[30]. Experience with similar techniques in adults 
is, however, considerably more limited and the out-
comes currently unclear [31]. In select patients with 
a marginal amount of small bowel, growth factor 
therapy with a glucagon-like peptide 2 analogue has 
been shown to reduce dependence on HPN.
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Abdominal Wall Reconstruction

Neil J. Smart and Ian R. Daniels

38.1	 �Introduction

In their desire to access the colon and rectum, 
surgeons may be guilty of overlooking one of the 
most important structures necessary for the well-
being of their patient  – the anterior abdominal 
wall. This complex structure, bounded superiorly 
by the costal margin and xiphoid process; inferi-
orly by the symphysis pubis, superior pubic 
ramus, inguinal ligament, and iliac crest; and lat-
erally by the midaxillary line, comprises skin, 
subcutaneous adipose tissue, superficial and deep 
fascia, muscles, extraperitoneal fascia, and peri-
toneum. The four pairs of muscles that comprise 
the anterior abdominal wall are the rectus abdom-
inis, the external and internal obliques, and the 
transversus abdominis. It is beyond the scope of 
this chapter to provide a comprehensive overview 
of all the pertinent anatomy, and readers are 
directed to the many excellent anatomy texts 
available, both in print and online. Suffice it to 
say, a detailed understanding of anatomy is nec-
essary not only to understand the reconstructive 
techniques available for hernia repair but also to 
avoid making many of the common operative 

mistakes that lead to complications, which may 
haunt both patient and surgeon alike.

The anterior abdominal wall serves many 
functions, the least of which is to act as a barrier 
to contain the intestines. Roles in respiration 
(expiration in particular), locomotion, micturi-
tion, defecation, and parturition are all equally as 
important. However, these functions may have 
been overlooked by the surgical community in 
the past in favour of the concept of the abdomen 
as a “passive container for the gut,” most fre-
quently reported in studies as “the incisional her-
nia rate” or “recurrence rate”. Disability and 
impaired quality of life caused by abdominal wall 
herniae should not be underestimated, but while 
quality of life outcomes have been reported, func-
tional outcomes are conspicuous because of their 
near total absence from the literature [1]. What 
follows in this chapter is a discussion derived 
from a scientific evidence base that reports rates 
of recurrence almost always, complications fre-
quently inconsistently, quality of life occasion-
ally, and functional outcomes almost never.

38.2	 �Definition and Classification

The nomenclature and classification of abdomi-
nal wall herniae and the surgical approaches to 
repair encompass a diverse range of anatomic 
defects, patients, and situations. Standardization 
of the terminology relating to both classification 
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and surgical techniques allows comparison of 
outcomes and, ultimately, optimal patient selec-
tion and tailored therapies. While colorectal sur-
geons are very familiar with this approach from a 
cancer perspective, the process is, by compari-
son, in its infancy as it relates to abdominal wall 
herniae, which makes interpretation of the litera-
ture challenging.

Over the past 15  years, attempts to classify 
abdominal wall herniae have been made; for exam-
ple, Chevrel and Rath [2] focused on location, size, 
and recurrence. Subsequent modifications were 
proposed that incorporated reducibility, symptoms, 
and the abdominal wall-defect ratio [3, 4]. The first 
expert consensus classification under the auspices 
of the European Hernia Society provided a stan-
dardized definition of incisional hernia: “Any 
abdominal wall gap with or without bulge in the 
area of a postoperative scar perceptible or palpa-
ble by clinical examination or imaging” [3]. This 
definition has gained popularity, and its use persists 
in the most recent European Hernia Society classi-
fication of primary and incisional abdominal wall 
herniae [5]. Unfortunately, none of these classifica-
tions have been widely adopted in everyday clini-
cal practice or in the reporting of studies. The main 
limitations are that they are cumbersome to use, 
focus on the hernia rather than the whole patient, 
and fail to define what represents “simple” and 
what is “complex.” There is no account of domain 
loss, concurrent bowel disease (e.g. Crohn’s dis-
ease, cancer, stoma, enterocutaneous fistula), infec-
tion, comorbidities, mode of assessment (clinical 
vs. radiological vs. intraoperative), or situation 
(emergency vs. elective). The differentiation 
between what is one surgeon’s “incisional hernia 
repair” and another’s “complex abdominal wall 
reconstruction” remains vague (Fig. 38.1).

Recent attempts have been made to create 
more holistic classifications of abdominal wall 
herniae. The Ventral Hernia Working Group 
(VHWG) developed a classification that uses an 
intuitive blend of patient and hernia characteris-
tics to provide four categories [6] (Fig.  38.1). 
Simple and easy to use, it has gained popularity in 
reports of large case series, particularly those orig-
inating from North America. This simplicity, 
although appealing, may be a significant limita-

tion, with marked intragroup variability. Only one 
study has assessed prospectively the validity of 
the classification system, and it recommended 
modifications [7]. Slater et  al. [8] attempted to 
define “complex abdominal wall hernia” on the 
basis of 22 patient- and hernia-related variables 
and also proposed three categories of patient 
severity. Although comprehensive, its use is com-
plex and widespread adoption has not yet occurred.

38.3	 �Epidemiology

Incisional hernia after laparotomy is common and 
may affect up to 20 % of unselected patients and up 
to 50 % of high-risk patients [9]. The rate of inci-
sional hernia development reported in the literature 
varies widely, in part because of the differences in 
the duration of follow-up and also because of the 
techniques used to detect herniae [10–12]. The 
longer the duration of follow-up, the higher the 
incisional hernia rate; long-term follow-up of ran-
domized studies suggests that the rate of incisional 
hernia increased from 12.6 % at 1 year to 22.4 % 
after 3 years [13]. Axial computed tomography has 
a sensitivity for hernia detection far higher than 
clinical examination, particularly in obese patients 
and in those who have had previous hernia repairs 
[14, 15]. Increased use of cross-sectional imaging 
as part of colorectal cancer follow-up programs 

Fig. 38.1  Nomenclature regarding abdominal wall 
defects remains vague. Is this patient due to have an inci-
sional hernia repair or a complex abdominal wall 
reconstruction?
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will inevitably lead to a higher rate of hernia detec-
tion compared with clinical examination, but it 
does not necessarily inform which of the herniae 
found incidentally will ultimately require surgical 
intervention. This represents the rate of incisional 
hernia following laparotomy and the variation 
relates to time from surgery [16]. Nevertheless, 
laparotomy remains a common procedure, with an 
estimated 4–5 million being performed annually in 
the United States, resulting in an estimated 500,000 
incisional herniae, of which between 15 % and 
47 % may be classified as “large” and in need of 
abdominal wall reconstruction [17].

38.4	 �Etiology

Traditional wisdom held that incisional herniae 
resulted from technical failure during the surgi-
cal closure of the abdominal wall. The situation 
is far more complicated, however, with a myr-
iad of factors pertaining to the patient, the sur-
geon, and the postoperative course all playing a 
role  – namely, to have an adverse effect on 
wound healing. The quality of the data under-
pinning this wider appreciation of hernia devel-
opment has largely been derived from 
retrospective series, and the relative importance 
of each factor has been incompletely 
characterized.

38.4.1	 �Patient Factors

Factors that predispose a patient to incisional her-
nia formation may be broadly categorized as con-
genital or acquired. Both, however, are related in 
that the underlying pathology relates to connective 
tissue abnormalities resulting from altered synthe-
sis, maturation, or degradation of collagen [18]. 
This manifests as a decreased Type I : Type III col-
lagen ratio and altered matrix metalloproteinase 
activity. Congenital syndromes such as Marfan, 
Loeys-Dietz, and Ehlers-Danlos are well recog-
nized, but in these cases it has become increasingly 
accepted that herniae may be a reflection of a wider 
systemic disease process that has been termed her-
niosis [19, 20]. This represents an as-yet poorly 

defined nonspecific connective tissue disorder that 
may encompass conditions as diverse as abdominal 
wall herniae, aortic aneurysms, diverticulosis, and 
pelvic organ prolapse [21].

The relationship between herniosis, genetics, 
and epigenetic factors is not clearly understood. 
Mutations in certain genes have been implicated 
in the development of some abdominal wall her-
niae [22, 23], but this does not explain the forma-
tion of a hernia in the majority of those afflicted 
by the condition [24]. It is more likely that dif-
ferential gene expression (i.e. epigenetics) plays 
a part and may be related to collagen synthesis, 
deposition, maturation, and turnover regulated by 
matrix metalloproteinases and their endogenous 
inhibitors (tissue inhibitors of metalloprotein-
ases) [18, 25]. As a systemic disease, the changes 
in collagen are noted in both the skin and abdom-
inal wall fascia [25, 26].

Numerous acquired factors have been postu-
lated as predisposing to incisional hernia; these are 
summarized in Table 38.1. The deleterious effects 
of smoking [27] and obesity [28] on hernia forma-
tion have been known for some time and are likely 
to be mediated via epigenetic influences on several 
aspects of collagen metabolism. From a specifi-
cally colorectal perspective, the influence of neo-
adjuvant therapies such as radiotherapy and/or 
chemotherapy on rates of hernia formation has not 
been studied, although their detrimental effect on 
tissue healing is generally well known. Whether 
the innate or acquired aspects of abnormal colla-
gen metabolism are more important in the devel-
opment of incisional herniae is unclear, but a 
deeper understanding of the molecular, genetic, 

Table 38.1  Acquired factors postulated to predispose 
patients to incisional hernia development

Age
Malnutrition/micronutrient deficiency
Obesity
Diabetes
Wound infection
Smoking
Steroids/immunosuppression
High intra-abdominal pressure (chronic obstructive 
pulmonary disease, benign prostatic hyperplasia, 
ascites)
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and epigenetic bases of the disease is likely to 
offer new avenues for therapeutic interventions.

38.4.2	 �Surgeon Factors

Midline incisions remain the most common 
source of incisional hernia, in part because of the 
popularity of this method of surgical access to the 
abdominal cavity. Transverse incisions have been 
advocated by some surgeons because of a claimed 
lower incisional hernia rate. This was supported 
by a recent update of a Cochrane systematic 
review (odds ratio 0.49; 95 % confidence interval 
0.26–1.72), although the methodological and 
clinical diversity, and the potential for bias in the 
studies included in the meta-analysis, invoked 
caution from the authors [29]. This is understand-
able given that incisions away from the midline, 
such as those used for a temporary stoma, remain 
a common site of incisional herniae [30].

The type of suture material used and the tech-
nique used to close the wound have been subject 
to increased scrutiny. A systematic review and 
meta-analysis of randomized controlled trials 
(RCTs) suggests that slowly absorbable sutures 
result in lower incisional hernia rates than the 
use of rapidly absorbable or nonabsorbable 
suture material, and that continuous suturing 
techniques are superior to interrupted [9]. The 
basis of abdominal closure as described by 
Jenkins [31] regarding the size of the pieces of 
tissue has been promulgated for decades as 1 cm 
“bites” 1 cm apart, but his has been challenged 
by both animal models and human evidence 
from RCTs [32, 33]. Multicenter RCTs are 
ongoing, and the adoption of the “small bite” 
technique is not yet widespread [34].

38.4.3	 �Postoperative Factors

Postoperative wound infection carries a signifi-
cant risk of hernia development and is probably 
the single most important factor, although all 
complications that increase intra-abdominal 
pressure may also have deleterious effects on 
wound healing and rate of incisional hernia 
occurrence [35].

38.5	 �Preoperative Planning

Many very skilful operators are not good surgeons. 
William J. Mayo, cofounder of the Mayo Clinic, 
Rochester, MN.

The traditional aphorisms that abound in sur-
gery regarding the appropriate investigation, 
planning, and selection of patients are pertinent 
to abdominal wall reconstruction. Performing the 
wrong operation on the wrong patient at the 
wrong time is a recipe for disaster for both the 
surgeon and patient. Every effort should be made 
to avoid getting into trouble in the first instance, 
and meticulous planning combined with multi-
disciplinary teamwork is essential. Optimizing 
the patient to minimize risk and maximize suc-
cess should be the team’s endeavour before 
embarking on operative intervention.

38.5.1	 �Deciding Whom to Operate on

Not all patients who have an incisional hernia 
require surgery. Some undoubtedly present as an 
emergency with symptoms of strangulation or 
obstruction, but more common is the elective 
patient who has symptoms either of pain or relat-
ing to impairment of abdominal wall function 
and a subjective diminished quality of life. The 
patient must therefore be counseled in depth 
before embarking on an operation that carries not 
insignificant risk in many circumstances. This 
may necessitate a staged approach over time as 
all investigations are completed and (peri-)opera-
tive risk is accurately assessed. Asymptomatic 
patients may come to less harm if left alone, but 
if their hernia enlarges and causes problems, 
reassessment is advisable.

38.5.2	 �Computed Tomography

Cross-sectional imaging with computed tomogra-
phy allows accurate assessment of the hernia 
defect, the quality of abdominal wall tissue, the 
contents of the hernia sac itself, and of the rest of 
the abdominal cavity. For patients who have had 
previous colorectal or other intra-abdominal cancer 
surgery, exclusion of recurrent or metachronous 
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malignancy is mandatory (Fig.  38.2). Computed 
tomography allows the surgical approach to be 
planned preoperatively and may be used to calcu-
late the risk of development of postoperative 
abdominal compartment syndrome [36] (Fig. 38.3).

38.5.3	 �Smoking Cessation

Smoking is associated with a significant increase 
in the risk of hernia recurrence following surgery 
and predisposes patients to postoperative wound 
complications (Fig.  38.4). In addition, smoking 
cessation during the perioperative period reduces 
surgical site infections [27]. The evidence for the 
benefits of smoking cessation before a wide vari-
ety of surgeries is now well established, and 

insistence on smoking cessation should be con-
sidered every bit as essential as the correction of 
other medical comorbidities such as hyperten-
sion, diabetes, and cardiac disease [37]. 
Perioperative smoking cessation programs are 
effective in an elective setting, and patients 
should be referred as necessary.

38.5.4	 �Obesity Management 
and Dietitian Assessment

Obesity is well recognized as a risk factor for the 
development of incisional hernia, and it is also 
associated with an increased risk of recurrence 
and postoperative complications [28, 38, 39]. 
Conclusive evidence that preoperative weight 

Fig. 38.2  Cross-sectional imaging with computed tomography not only demonstrates the complex nature of the 
abdominal wall defect but also shows any pathology, such as a metachronous colonic carcinoma (arrow)

Fig. 38.3  Computed tomography allows for the defect to be assessed in detail, operative techniques to be planned, and 
the risk of abdominal compartment syndrome to be assessed once the abdomen has been reconstructed
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loss makes a positive difference is lacking 
because few studies have been performed, and 
those that have lack statistical power [40]. The 
degree of weight loss required to effect a clini-
cally significant reduction in either recurrence 
rates or postoperative complications is simply 
unknown. The complication rate and risk of her-
nia recurrence increase sharply with a body mass 
index >35 kg/m2. Therefore, in the elective set-
ting, postponing surgery and referring the patient 
to an obesity management service seems pru-
dent. If the patient loses weight, they should be 
encouraged to carry on. The optimal timing of 
surgery is probably when the patient’s BMI is 
<30  kg/m2 or when their weight stops 
decreasing.

Despite the prevalence of obesity among 
those with large incisional herniae, micronutri-
ent imbalance is common, with tissue concen-
trations of copper and zinc being depleted [41, 
42]. These trace elements have a well-described 
role in wound healing, and it is highly conceiv-
able that their diminished concentrations have a 
negative effect on hernia recurrence rates. 
Correcting levels in either the tissue or plasma 
by supplementation alone may not be sufficient 
without addressing the complex interplay with 

inflammatory processes that initiated the imbal-
ance. Although studies of micronutrient supple-
mentation have been performed in conditions of 
superficial wound healing, burns, and pressure 
sores, there is an absence of data to support their 
use in patients with hernia.

38.5.5	 �Cardiopulmonary Exercise 
Testing

Cardiopulmonary exercise testing has recently 
come to the fore as the method of choice for 
assessing the cardiorespiratory fitness of any 
patient due to undergo high-risk surgery as 
well as high-risk patients (usually elderly [i.e. 
>70  years old]) due to undergo any surgery. 
The level of an anaerobic threshold “cut off” 
between those deemed fit and unfit varies in the 
literature between 10 and 11 mL/kg/min, but it 
seems to correlate with outcome across a range 
of abdominal operations, although data spe-
cific to abdominal wall reconstruction are 
absent. This correlation may be useful when 
counseling patients regarding complex surgery 
and when planning postoperative care path-
ways, such as elective admission to critical 
care units [43]. The data may also be used as a 
baseline to monitor improvements in fitness 
with graduated exercise or “prehabilitation” 
programs.

38.5.6	 �Elderly Patients

Elderly patients warrant special consideration 
because of the relatively high prevalence of med-
ical comorbidities. Perioperative care of older 
people having surgery services have been devel-
oped over the past decade or so, predominantly 
in orthopedic surgery, with considerable benefit 
and are now extending across many other areas 
of surgical practice [44]. This positive develop-
ment is to be welcomed; its benefits include 
better preoperative optimization, fewer postop-
erative medical complications, and better dis-
charge planning for those with complex social 
care needs.

Fig. 38.4  Smoking predisposes patients to wound com-
plications such as flap necrosis due to microvascular 
insufficiency
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38.5.7	 �Anaemia

Anaemia is a common among the general pop-
ulation but particularly in the preoperative 
population, and patients with concomitant gas-
trointestinal diseases have a high prevalence 
[45]. Several cohort studies of a wide range of 
surgical procedures consistently demonstrated 
that patients with preoperative anemia have 
poorer postoperative outcomes than nonanemic 
patients to the extent that many now regard 
anemia as a contraindication to elective sur-
gery [45]. Transfusion of packed red blood 
cells has long been considered the default 
option for correction of anemia, but it is 
increasingly recognized that it may be associ-
ated with adverse postoperative outcomes [46]. 
Consequently, a multimodal approach to 
patient blood management is now advocated, 
and guidance exists on strategies for preopera-
tive correction [45].

38.6	 �Operative Strategies

No single operative strategy is sufficient for 
every hernia, patient, or situation, and conse-
quently those surgeons who perform abdominal 
wall hernia repair require a large armamentar-
ium of techniques. The key principles of any 
hernia repair have been defined as closure of the 
defect without excess tension and excision or 
obliteration of the sac, which can be achieved 
by several approaches. The first dichotomy 
relates to an open or laparoscopic approach. 
Open surgery remains the method of choice for 
large hernia defects, patients who require con-
comitant bowel surgery, and patients in whom 
laparoscopy is not feasible because of intra-
abdominal adhesions. Debate remains regarding 
what may be classed as a “large defect” with 
most advocating open surgery for hernia defects 
larger than 10  cm in diameter. While hernia 
defects with a diameter less than 5 cm may be 
most amenable to the laparoscopic approach, 
the optimal approach for defects with diameters 
between 5 and 10  cm remains a source of 
controversy.

38.6.1	 �Open Approaches

Open repair of complex abdominal wall defects 
has the potential to be one of the most technically 
challenging procedures in the field of abdominal 
surgery. It may be associated with a significant 
physical insult to the patent, and meticulous pre-
operative planning is essential, not least in terms 
of pain relief that the patient will require in the 
postoperative setting. Patients with large defects 
usually benefit from epidural analgesia, which 
offers superior analgesia compared with alterna-
tive strategies and results in fewer postoperative 
complications [47].

38.6.1.1	 �Primary Suture Repair
The challenge of obtaining good long-term 
results with fascial apposition using sutures alone 
has been recognized for some time. Although 
some surgeons have advocated specific suture 
techniques designed to allow progressive ten-
sioning via what is essentially a pulley mecha-
nism [48], high-quality long-term data 
demonstrating effectiveness are lacking. Simple 
suture repair alone often fails because the edges 
of the repair are under tension following closure. 
The superiority of mesh repair compared with 
suture repair is now well established [49], and 
suture repair is no longer advocated in the setting 
of planned, clean surgery. The role of suture 
repair is now confined to the contaminated and or 
infected setting, which often occurs in emergency 
surgery, where the operating surgeon feels the 
placement of mesh (of whatever type) is contra-
indicated, largely because suture repair has a sig-
nificantly lower rate of infective complications. A 
definitive repair with mesh can be performed at a 
future date as a planned procedure should a her-
nia develop again.

38.6.1.2	 �Components Separation
A technical advance on simple suture repair is the 
separation of the components of the abdominal 
wall to allow medial displacement of the myofas-
cial edge, thus reducing tension to physiological 
levels and consequently facilitating the repair. 
Although various descriptions of lateral relaxing 
incisions have appeared in the literature for 
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nearly 100 years [50], their use in abdominal wall 
reconstruction was popularized by Ramirez et al 
[51] in 1990. In anterior component separation, 
the rectus abdominis, internal oblique, and trans-
versus abdominis are separated from the external 
oblique by an incision of the external oblique 
aponeurosis just lateral to the linea semilunaris. 
This may allow the unilateral medial fascia to be 
advanced a maximum of 10 cm. Despite the abil-
ity to close large defects, evidence to support the 
superiority of anterior component separation 
over primary suture repair is lacking, and high 
recurrence rates have been reported [52]. 
Consequently, many now describe its use in con-
junction with reinforcing mesh repairs. The ante-
rior component separation technique is also 
associated with significant tissue trauma, which 
may result in lipocutaneous flap necrosis, seroma, 
and wound infection. Minimally invasive variants 
of the anterior component separation technique 
have been described that seek to minimize such 
tissue trauma [53].

An alternative strategy to facilitate closure of 
large defects is posterior component separation, 
which releases the rectus abdominis and external 
and internal oblique muscles from the transver-
sus abdominis. During a laparotomy, the retro-
rectus plane is developed laterally until the 
perforating neurovascular bundles are reached, 
just medial to the linea semilunaris. The posterior 
rectus sheath is incised to afford access to the 
plane between the internal oblique and transver-
sus abdominis. The insertion of the transversus 
abdominis muscle into the posterior sheath can 
be divided and the muscle separated from the 
underlying transversalis fascia and peritoneum. 
This technique avoids the large lipocutaneous 
flaps of the anterior component separation tech-
nique and associated wound morbidity, but still 
allows a similar degree of myofascial medializa-
tion [54]. Evidence of its effectiveness is limited 
to case series where it is usually combined with a 
retromuscular mesh repair.

38.6.1.3	 �Mesh Repair
Mesh repairs of herniae have been used for over 
100  years, but only with the advent of modern 
synthetic materials and the pioneering work of 

the American surgeon Francis Usher in the 1950s 
did any significant advance in outcome occur. 
Meshes work via two main mechanisms. Initially, 
they have their own tensile strength that imparts 
additional support to the repair. They subse-
quently induce (or support) tissue ingrowth and 
collagen deposition to form a scar that adds 
strength. Mesh may be placed in numerous posi-
tions within the abdominal wall.

In the onlay technique, the mesh sits superfi-
cial to the anterior rectus sheath and usually over-
lies the apposed fascial edges, with an overlap of 
5–8 cm. The inlay technique essentially utilises 
the mesh as a bridge across the fascial edges of 
the hernia defect. This was a popular technique 
during the 1990s and borrowed the concept of 
“tension-free” repair from inguinal hernia sur-
gery and applied it to abdominal wall hernias, 
although the biomechanics of the two areas are 
different. The mesh may overlap, either superfi-
cially or deep, beyond the margins of the defect 
to facilitate fixation.

“Sublay” is a term that results in some confu-
sion because it has been used to refer to both the 
retromuscular and intraperitoneal positions. In 
retromuscular placement, the plane between the 
rectus abdominis muscle and the posterior rectus 
sheath is developed by incising the posterior rec-
tus sheath approximately 0.5 cm from its medial 
edge. Dissection may be the initiated just above 
the level of the umbilicus and progressed later-
ally using diathermy until the linea semilunaris is 
reached. The perforating neurovascular bundles 
that enter the rectus sheath just medial to the 
linea semilunaris are preserved. Once both sides 
are mobilized, the posterior sheath is closed. If 
the posterior sheath is incomplete and cannot be 
approximated, either the hernia sac may be used 
to provide coverage of the abdominal contents, 
the falciform ligament, or bladder, or the omen-
tum can be carefully placed over the bowel to 
prevent adhesions forming to the mesh. The mesh 
lies posterior to the rectus abdominis muscle but 
superficial to the posterior rectus sheath cranial 
to the arcuate line (Fig. 38.5). The mesh lies in 
the preperitoneal plane, caudal to the arcuate 
line. The anterior sheath is then reapproximated 
in the midline.
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In the intraperitoneal placement technique, the 
mesh lies inside the abdominal cavity and is fixed 
to the abdominal wall. In open surgery, the mid-
line defect is usually closed, whereas in the lapa-
roscopic variant, the defect is not necessarily 
closed, with the mesh acting as a barrier to intra-
abdominal organs entering the hernia sac (often 
known as intraperitoneal onlay mesh repair). The 
deep surface of the mesh may come into contact 
with intra-abdominal organs.

The relative merits of each of the mesh place-
ment techniques have been debated for some 
time, with passionate advocates for each at some 
point over the past 50 years. The onlay technique 
is technically easy and versatile, as is the inlay 
technique (often referred to as “bridging”). The 
retromuscular and intraperitoneal positions are 
thought to have superior biomechanical advan-
tages, with the meshes being held in the correct 
positions by intra-abdominal pressure. 
Ultimately, recurrence rate following hernia 
repair has been used as the measure for determin-
ing which technique offers the optimal outcome.

The inlay technique is now recognized to have 
an unacceptably high recurrence rate. The rea-
sons for failure of the hernia repair are multifac-
torial and may be the result of shrinkage of the 
synthetic mesh, the complex biomechanical 
forces of the abdominal wall that cause the mesh 
itself to fail, the mesh–tissue interface, or undue 
stretching on the ingrowing tissue. Furthermore, 
many of the meshes originally used with the inlay 
technique were associated with complications 
such as erosion into the bowel and enterocutane-
ous fistulas. Consequently, the technique is no 
longer advocated. Systematic review of random-
ized trials failed to demonstrate any superiority 
of onlay versus sublay mesh placement tech-
niques [49]. Conversely, national registry data 
suggest that retromuscular repair results in a 
markedly lower recurrence rate compared with 
the other techniques [55]. Many authors and the 
European Hernia Society now regard the retro-
muscular technique as the reference standard for 
open repair. It can be combined with posterior 
component separation to facilitate the closure of 
large defects.

38.6.2	 �Laparoscopic Approaches

Laparoscopic approaches are ideally suited to 
patients who have amenable peritoneal cavities, 
smaller herniae, and require simpler proce-
dures, usually without concomitant bowel 
resections or abdominoplasty. Adhesiolysis 
may be the most technically challenging aspect 
of the procedure, and avoiding energy devices 
is advisable; sharp dissection with scissors is 
preferable. Several reviews of randomized tri-
als concluded that there is no difference in 
recurrence rates compared with open proce-
dures, but that complications rates are lower, 
specifically wound infections [56, 57]. Recent 
data from national registries may suggest a 
lower crude recurrence rate with laparoscopy, 
but the data are not risk adjusted for selection 
bias regarding the surgical approach chosen, 
and interestingly, laparoscopy was associated 
with increased rates of the more serious com-
plications [55].

Fig. 38.5  Retrorectus placement of a biologic mesh dur-
ing an open repair
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38.6.2.1	 �Intraperitoneal Onlay 
of Mesh

The intraperitoneal position of mesh placement is 
synonymous with the laparoscopic approach. The 
most prevalent technique is to use the mesh as a 
bridge across the hernia defect. The optimal size 
of the mesh depends on the size of defect being 
repaired, but it needs to account for mesh shrink-
age, which may be up to 94 % of the surface area 
[58]. Consequently, the traditional advice of a 
5-cm overlap may not be reliable as defects size 
increases and the mesh-to-defect ratio becomes 
smaller. Significant debate exists among sur-
geons as to the optimal method of fixation, posi-
tioning and tension in the mesh when placed 
during laparoscopic repair. If the mesh placement 
is not optimal, there is a risk of pseudo-recurrence 
(defined as a recurrent swelling at the site of the 
original hernia) as a result of the mesh bulging 
into the hernia sac or seroma, and which may 
occur much more frequently than initially 
thought, with rates of 19–31 % in incisional and 
ventral hernia repairs [59, 60]. Closure of the 
defect during laparoscopic repair may reduce the 
risk of these complications and of true hernia 
recurrence [61]. Tacker mesh fixation may be 
associated with quicker surgery and less postop-
erative pain in the short term, but otherwise there 
is no difference from suture mesh fixation [62].

38.6.3	 �Intraoperative Anesthetic 
Considerations

Anesthetists often favor the use of an epidural 
anesthetic in conjunction with general anesthesia 
to facilitate abdominal wall relaxation and post-
operative pain relief. As the abdominal wall is 
being closed, the anesthetist can monitor changes 
in respiratory physiology (such as airway pres-
sure and tidal volume). If volume-controlled ven-
tilation is being used, increases in airway pressure 
can be a surrogate for the likelihood of both post-
operative respiratory complications and the risk 
of abdominal compartment syndrome. 
Communication between the anesthetist and sur-
geon can help identify at-risk patients, and, if 
necessary, additional surgical techniques can be 

used to relax the abdominal wall and reduce the 
intra-abdominal pressure.

38.6.4	 �Special Considerations

Some patients may have herniae of such com-
plexity that the techniques described earlier are 
inadequate to close the abdominal wall. This may 
be particularly true in patients subject to pene-
trating trauma, necrotising fasciitis, laparostomy, 
or tumors invading into the abdominal wall. 
Furthermore, there may be complexity because 
of concomitant stoma problems or the effects of 
profound weight loss. In such circumstances, 
additional techniques may have to be 
considered.

38.6.4.1	 �Domain Loss
When significant amounts of tissue have been 
lost, techniques are available that may expand the 
amount of tissue within the abdominal wall. This 
has been achieved by the use of progressive pre-
operative pneumoperitoneum, tissue expanders, 
and botulinum toxin [63–65]. Preoperative pneu-
moperitoneum involves the induction of pneumo-
peritoneum using a Veress needle or 
endoperitoneal catheter that is maintained over a 
period of days or weeks [66]. Pneumoperitoneum 
is sustained using regular insufflation of gases 
such as oxygen or nitrous oxide until sufficient 
abdominal wall expansion has been achieved or 
the hernia has reduced. Tissue expanders are 
placed in a specially created pocket between the 
external oblique and the superficial aspect of the 
internal oblique fascia. The expanders have 
remote ports that allow the injection of saline on 
a weekly or biweekly basis over a period of 
months, depending on the size of the defect, until 
there is adequate lengthening of the musculature 
to allow primary fascial closure [67]. Botulinum 
toxin is a potent neurotoxin produced by the 
anaerobic gram-positive rod Clostridium botuli-
num. It blocks the release of acetylcholine at the 
presynaptic cholinergic nerve terminal and 
results in flaccid muscle paralysis [68]. Injections 
of botulinum toxin into the lateral abdominal 
wall muscles essentially separate chemical 
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components by allowing the muscles to achieve 
maximum relaxation, facilitating closure. When 
none of the adjuncts are sufficient, tissue transfer, 
via either free or pedicled flaps, is required [69].

38.6.4.2	 �Concomitant Parastomal 
Hernia

Results of parastomal hernia repair have been dis-
appointing, with high recurrence rates regardless of 
the type of mesh or technique used [70]. When a 
parastomal hernia occurs concurrently with an inci-
sional hernia, repairing only one may lead to exac-
erbation of the other because of the alteration of 
abdominal wall biomechanics. Treating each her-
nia in isolation is unwise except in the most comor-
bid of patients. It is better to have a holistic approach 
to abdominal wall structure, function, and patho-
physiology and to repair all defects during one 
operation. Evidence from randomized trials is lack-
ing in this situation, and the optimal method seems 
to be open retromuscular mesh repair [71]. If the 
midline incisional hernia is small, a laparoscopic 
Sugarbaker approach may offer the opportunity to 
treat both herniae simultaneously; this method has 
encouraging reports of low recurrence rates for the 
parastomal hernia [72]. There is no robust evidence 
to confirm the superiority of any one type of mesh 
in this situation.

38.6.4.3	 �Abdominoplasty/
Panniculectomy

In some patients the hernia to be repaired is so 
large that the overlying skin and fat have been 
stretched to the extent that concomitant abdomi-
noplasty is required as part of the repair. If the fat 
and skin are left alone and merely closed primar-
ily, a massive seroma often results. There are 
numerous techniques for abdominoplasty, which 
can be broadly categorized according to the inci-
sion used: horizontal, vertical, or a combination 
of the two (fleur de lis). Several kilograms of tis-
sue may need to be excised, particularly after sig-
nificant weight loss (Fig. 38.6). A multidisciplinary 
team working with plastic surgery colleagues is 
strongly advocated, not just to help with the intra-
operative nuances of the technique but also to 
manage complications, most notably infection 
and flap necrosis/wound dehiscence.

38.6.5	 �Postoperative Management

There are few areas of surgical practice as highly 
variable among surgeons as the area of postoper-
ative management after complex abdominal wall 
reconstruction. Evidence is usually derived from 
generic studies across areas of surgical practice. 
There is no doubt that prophylaxis against venous 
thromboembolism should be undertaken accord-
ing to local guidelines (antiembolic stockings/
calf compression devices/low molecular weight 
heparin). The quality of evidence in other areas is 
variable at best. Most surgeons recommend 
planned admission to a critical care unit postop-
eratively in order to optimise respiratory care and 
fluid balance monitoring.

38.6.5.1	 �Dressings and Drains
The value of wound dressings continues to pro-
voke debate among the surgical community, but 
robust evidence of the benefit of any type of 
wound dressing in the generic postoperative set-
ting is lacking [73]. Novel technologies such as 
topical negative-pressure wound therapy applied 
to wounds healing by primary intention have 
focused on claims of reduced infection rates. 
Evidence of benefit from high-quality 
randomized controlled studies of generic surgi-
cal disciplines are lacking [74], but individual 
case series specific to complex abdominal wall 
reconstruction show promise [75]. Drains are 
often used to remove excess fluid from the sur-
gical field and help prevent infection and seroma 
formation. The advocated duration of drainage 
is highly variable, ranging from set periods of 
time to volumes drained over time. While part 
of surgical tradition, evidence of benefit is 
absent [76].

38.6.5.2	 �Abdominal Binders
Use of abdominal binders in the postoperative 
setting is advocated by some surgeons to reduce 
complications, specifically reductions in the rates 
of excessive pain, seroma, and wound dehiscence 
[77]. There are, however, few data to support 
these assertions, and in one randomized trial no 
benefit was seen other than a subjective benefit 
reported by the patients [78].
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38.7	 �Meshes

The superiority of mesh repair over simple suture 
closure in terms of hernia recurrence rates is now 
supported by high-quality evidence [11, 49]. 
Furthermore, the prophylactic role of mesh place-
ment in midline wounds for the prevention of her-
nia formation is also established in high-risk 
patients [79–81]. The search for the ideal mesh, 
however, is over a century old, and the qualities 
desired in an ideal mesh for hernia repair have 
been defined by the European Hernia Society [82]. 
Although there are over 200 meshes on the market, 
the ideal mesh has yet to be found. Multiple 
attempts to classify mesh types have been made, 
and no universal standard of classification has 
been agreed on. The easiest approach is a dichoto-
mous division into synthetic (derived from human-
made chemicals) or biological (either allograft or 
xenograft) meshes. A four-category classification 

was recently proposed that allows a more nuanced 
appreciation of the range of meshes available [83] 
(Table 38.2).

38.7.1	 �Synthetic Mesh

Modern synthetic meshes derive from the seminal 
work of Francis Usher in the 1950s and 1960s. 
The meshes may be made from a variety of differ-
ent compounds, either a single compound or in 
combination, by weaving, knitting, coating, or 
applying with an antiadhesive backing. Meshes 
can be further subclassified according to chemical 
polymer, porosity, weight (although density may 
be a more accurate term), absorbability, and pre-
implantation or explantation characteristics. The 
plethora of prostheses on the market alludes to the 
fact that different meshes may have characteris-
tics that lend themselves to superior performance 

a c

b d

Fig. 38.6  Preoperative photograph (a) and computed 
tomography scan (b) of a patient with a large incisional 
hernia. Immediate postoperative photograph (c) and com-

puted tomography scan (d) of the same patient following 
open retrorectus repair with biologic mesh and fleur-de-
lys abdominoplasty
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in certain situations, depending on exactly which 
outcome is being measured. In open complex 
abdominal wall reconstruction, synthetic meshes 
have the data from the longest follow-up in terms 
of recurrence and complications. The newer syn-
thetic meshes with antiadhesive backings have 
shorter durations of follow-up.

Polypropylene is the polymer with the most 
widespread use as a surgical mesh and has over 
50 years of use in the clinical setting of hernia 
repair. Polyester is a polymer favored by some 
surgeons because of its pliability. It also has 
hydrophilic properties, but the clinical relevance 
of this is poorly understood. 
Polytetrafluoroethylene meshes are available as 
sheets and as monofilament meshes. 
Antiadhesion barriers designed to prevent adhe-
sions to viscera when the mesh is placed intra-
peritoneally may comprised a variety of 
chemicals, including (but not limited to) hyal-
uronic acid, cellulose, and polyethylene glycol. 
Numerous meshes combine a nonabsorbable 
polymer with an absorbable fiber, such as poly-
glactin, to produce meshes that reduce the 
amount of material left in the patient after com-
plete resorption. Newer meshes comprising 
delayed-absorption copolymers have properties 
more akin to the biologic meshes discussed 
below, although even short-term clinical data 
for such “biomimetic” meshes is lacking.

Head-to-head comparisons of different mesh 
types in randomized trials are rare, and high-
quality evidence to recommend specific proprie-
tary brands of one mesh type over another are 
often lacking. Lightweight mesh seems to provide 
outcomes similar to those of standard meshes 
except for a nonsignificant trend toward increased 
recurrence rates at 24 months [84], although lon-
ger follow-up may elucidate a difference as recur-
rence rates increase with time. In particular, the 
optimal mesh type for intraperitoneal use is poorly 
understood. Meshes without antiadhesive back-
ings have been reported to result in complications 
caused by adhesions, erosion, fistulation, and 
migration. Which antiadhesive backing is best 
remains the subject of debate because of a lack of 
high-quality clinical studies with sufficiently 
robust outcome measures over an appropriate 
duration of follow-up. Findings at repeat laparos-
copy have been reported, but only with subjective 
ratings of the adhesions found [85].

Synthetic meshes are ideal for use in clean 
cases in either open or laparoscopic surgery. 
They are cheap, reliable, and effective, with well-
characterized benefits and risks. They should 
form the overwhelming majority of prostheses 
used in hernia repair. The problem is in clean-
contaminated or contaminated fields. Outcomes 
from synthetic mesh implantation in these cir-
cumstances are far from ideal and may cause 

Table 38.2  A summary of a four-category mesh classification

1. Simple 2. Composite 3. Combined 4. Biologic

Description One pure synthetic material Two layers of 
simple mesh and 
an antiadhesive 
backing

Two synthetic 
materials knitted, 
woven, or coated

Derived from tissue

Subclasses Weight
Porosity
Resorbable vs. nonresorbable
Mono- vs. multifilament

Nonresorbable
Resorbable

Nonresorbable
Partially resorbable
Resorbable

Allograft vs. xenograft
Animal of origin
Dermis vs. nondermis
Cross-linked vs. 
non-cross-linked

Examples Polypropylene
Polyester
Polytetrafluoroethylene
Polyurethane
Polyglycolic acid
Polyglactin 910

Composix
Dulex
Dualmesh
Proceed
Physiomesh
Parietex PCO
Sepramesh

Titanized 
polypropylene
Polypropylene and 
monocryl
Polypropylene and 
polyglycolic acid
Gore Bio-A

Alloderm
Periguard
Permacol
Strattice
Surgisis/Biodesign
Veritas
Xenmatrix

Based on Coda et al. [83]
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more harm than good [86]. The debate over what 
to do in these situations continues to rage between 
those who favor a staged approach of a sutured 
repair initially, with control and treatment of 
infection according to best practices, followed by 
a subsequent synthetic mesh repair if/when the 
hernia recurs, versus those who favor a single-
stage approach with a biologic mesh.

38.7.2	 �Biologic Mesh

Biologic meshes were introduced in the 1990s 
and essentially provide an extracellular scaffold 
necessary for the reconstruction of healthy tis-
sue. They allow in-growth of new blood vessels 
and infiltration of native stromal cells, including 
fibroblasts and myocytes, which ultimately 
result in the deposition of new extracellular 
matrix. The hypothesis, therefore, has been that 
in contaminated or high-risk situations, biologic 
meshes are safer than synthetic materials for her-
nia repair. Biologic meshes may be derived from 
human (allograft) or animal (xenograft; usually 
porcine or bovine) tissues. Dermis is the most 
common tissue used because of the size of mesh 
that can be manufactured, but prostheses derived 
from intestinal submucosa and pericardium are 
also available. Xenografts are manufactured by 
tissue harvesting followed by a variety of propri-
etary decellularization and delipidation tech-
niques. This leaves behind the three-dimensional 
collagen structure, which may then undergo fur-
ther proprietary processing steps before a termi-
nal sterilization process. More than a dozen 
different xenografts are currently on the market, 
with more being developed, and the influence of 
processing differences is poorly understood, par-
ticularly in the context of influence on clinical 
outcome.

The high cost of xenografts compared with 
synthetic meshes means that their use in clean, 
simple cases cannot be justified. The Ventral 
Hernia Working Group made recommendations 
as to when to consider the use of biologic mesh 
[6]. This simplified approach to classifying the 
complexity of hernia repair has enabled crude 
comparisons between reports of biologic mesh 

use, but ultimately, despite the plethora of recom-
mendations and guidelines, there remains no con-
sensus of when to use biologic materials in 
abdominal wall reconstruction among practicing 
surgeons [87].

Much of the data on biologic mesh use cur-
rently derives from retrospective case series from 
single institutions, and prospective randomized 
trials are lacking. The data are often limited by 
inconsistent use of definitions and/or classifica-
tion systems for hernia defect, wound contamina-
tion, recurrence, follow-up, and complications. 
Despite this, two recent systematic reviews, each 
with data from more than 1,000 patients, sug-
gested that biologic meshes have recurrence rates 
comparable to synthetic meshes but with fewer 
infective complications, and when infection is 
present, the salvage rate is higher with biologic 
meshes [88, 89]. The lack of head-to-head studies 
means that there are insufficient clinical data to 
provide recommendations on which biologic 
mesh to use. Furthermore, the quality of evidence 
is such that many surgeons still question whether 
biologic materials are justified given their high 
costs [90, 91].

�Conclusion

Abdominal wall reconstruction presents a 
challenge for surgeons who decide to under-
take this work and for patients who wish to 
proceed with it. A detailed understanding of 
the disease, surgical options, and preoperative 
planning in particular are imperative for opti-
mizing outcomes. Multidisciplinary team-
work is essential.
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A
Abdominal wall reconstruction

biologic meshes, 446
classification, 433–434
epidemiology, 434–435
etiology

acquired factors, 435
patient factors, 435–436
postoperative infection factors, 436
surgeon factors, 436

incisional hernia development, 434
modern synthetic meshes, 444–446
nomenclature, 433–434
operative strategies

abdominoplasty, 443, 444
component separation, 439–440
domain loss, 442–443
intraoperative anesthetic considerations, 442
intraperitoneal mesh placement, 442
laparoscopic approaches, 441–442
mesh repairs of herniae, 440–441
panniculectomy, 443, 444
parastomal hernia repair, 443
primary suture repair, 439
retrorectus placement, biologic mesh,  

440, 441
pain, IBS, 153
postoperative management

abdominal binders, 443
dressings and drains, 443

preoperative planning
anaemia, 439
cardiopulmonary exercise testing, 438
cross-sectional imaging, computed tomography, 

436–437
dietitian assessment, 437–438
elderly patients, 438
obesity management, 437–438
patient optimization, 436
smoking cessation, 437, 438

synthetic meshes
characteristics, 444–445
open or laparoscopic surgery, 445
polypropylene, 445

Abdominogenital pain, 408
Abdominoperineal excision (APE), 305, 306, 310, 311
Acute colitis, 164, 166
Acute thrombosed haemorrhoidal prolapse, 45
Adenomas

colonoscopic resection, 266
diagnosis, 266
early invasive carcinoma, 265
epidemiology, 265
FAP, 265, 266
incidence, 265
occult blood testing, 266
screening, 266
surgical resection, 266
symptoms, 265

Adult Hirschsprung disease, 128, 132
Altered intestinal microbiota, 149
Aminosalicylates, 229, 231
Anal canal

advancement flap, 54
anorectal motility, 29
anorectal sensitivity, 29
anus, 14
conjoined longitudinal muscle, 14, 15
continence organ, 20–21
corpus cavernosum recti, 14–15
dilatation, 54
disorders (see Hemorrhoidal disease)
dysplasia (see Anal intraepithelial neoplasia (AIN))
dyssynergia (see Anismus)
electrostimulation, 93
external anal sphincter, 29
functions, 28
incontinence (see Fecal incontinence (FI))
inner surface of, 14
internal anal sphincter, 2, 14, 15
irrigation, 117
manometry, 33
plugs, 92
proctodeal glands, 15–16
puborectalis muscle, 29
rectal compliance, 29
and rectal traumas (see Anorectal trauma)
sampling reflex, 29, 30
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Anal canal (cont.)
sphincter lesion, 88–89
stenosis, 45
warts, 78

Anal carcinoma, 78–79, 272, 273
complete response, 321–322
diagnostics, 319
epidemiology, 317–318
HPV infections, 315 –317
incidence, 317
recurrence, 322
screening, 319
squamous intraepithelial lesions, 316
therapeutic management, 320–321
TNM classification staging, 319–320
types

cancer of the anal canal, 317
cancer of the anal margin, 317

Anal fissure
in children, 56
classification, 48, 49
complications, 55
concomitant anal lesion management, 56
CD, 56
diagnostics, 48–49
epidemiology, 48
etiology, 47–48
incidence, 48
innovative treatments, 54–55
low tone/incontinence, 55–56
medical treatment

botulinum toxin, 51
calcium channel antagonists, 50–51
initial treatment, 49
NO donors, 50

recurrent anal fissure, 56
surgical treatment, 51–52

anal advancement flap, 54
anal dilatation, 54
fissurectomy, 53–54
fissurotomy, 54
sphincterotomy, 52–53

Anal fistula
abscess treatment, 63–65
classification, 59–61
diagnostics, 62–63
differential diagnosis, 63
etiology and edidemiology, 59
situations and considerations

fistulas with CD, 72
long-term seton drainage, 71
vaginal fistula, 71–72

symptoms, 61–62
treatment

fibrin glue, 71
fistula clip, 71
fistula plug, 68–70
fistulectomy with primary sphincter 

reconstruction, 66–69
flap procedures, 66
laying open fistulas, 66

LIFT technique, 70
stem cell injection, 71

Anal intraepithelial neoplasia (AIN), 78–79
complete response, 321–322
diagnostics, 319
endoanal dysplasia, high-resolution anoscopy, 317, 

318
epidemiology, 317–318
HPV infections, 315 –317
incidence, 317
recurrence, 322
screening, 319
squamous intraepithelial lesions, 316
therapeutic management, 320–321
TNM classification staging, 319–320

Anal sliding lining theory, 38
Anal transitional zone (ATZ), 37, 41
Angiodysplasia, 359, 390, 393, 395, 396
Angiomas

colonoscopic excision, 268
diagnostic colonoscopy, 268
epidemiology, 268
symptoms, 268

Anismus, 124, 126, 129, 130, 132
Anorectal abscess

classification, 59–61
diagnostics, 62–63
differential diagnosis, 63
etiology and edidemiology, 59
situations and considerations

fistulas with CD, 72
long-term seton drainage, 71
vaginal fistula, 71–72

symptoms, 61–62
treatment

fibrin glue, 71
fistula clip, 71
fistula plug, 68–70
fistulectomy with primary sphincter 

reconstruction, 66–69
flap procedures, 66
laying open fistulas, 66
LIFT technique, 70
stem cell injection, 71

Anorectal trauma
abdominal colostomy, 377
diagnosis, 374–375
disabling conditions, 377
etiology

blunt (closed) trauma, 373
childbirth, 373
cloacal deformity, perineum, 373, 374
iatrogenic diagnostic/therapeutic injuries, 374
ingested foreign bodies, 373
penetrating injuries, 374
pneumatic injuries, 374
rectal impalement, 374
sexual assault, 374

fecal incontinence, 377
keyhole deformity, 374, 375
manometry, 91
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motility, 29
physiology tests, defecation disorders, 128
sensitivity, 29
sepsis, 45
sexual assaults, 377
surgical management

cloacal deformity, 375, 376
severe anoperineal trauma, 375, 376
treatment of foreign bodies, 377

Anterior sling rectopexy, 140
Antibiotic therapy, 165
Anticoagulation, 164
Anti-tumour necrosis factor therapy, 165, 231–232
APE. See Abdominoperineal excision (APE)
Appendicitis

abdominal pain, 253
AIR score, 255, 256
Alvarado score, 255, 256
appendiceal malignancy, 258–259
appendicolith, 258
carcinoid tumor, 258
clinical and laboratory-based scoring, 255
diagnosis

calcified fecolith, right iliac fossa, 254
differential diagnosis, 254–255

elective appendicectomy, 257
etiology, 253–254
incidence, 253–254
mucocele of the appendix, 258
postoperative complications, 257–258
pseudomyxoma, 258
signs and symptoms, 254
treatment

laparoscopic vs. open appendicectomy,  
256–257

nonoperative management, 257
visceral perforation, 257

ultrasound and cross-sectional imaging, 256
Appendicitis inflammatory response (AIR) score,  

255, 256
Appendicolith, 258
Appendicostomy, 99
Appendix vermiformis, 8
Artificial bowel sphincter (ABS), 95–96
Ascending colon, 8
Asymptomatic diverticulosis, 205–206
Attenuated adenomatous polyposis coli (AAPC)
Autofluorescence endoscopy, 368

B
Baboon syndrome, 79
Bacterial infection, 77
Balloon expulsion test, 112, 117, 128
Bascom I technique, 84, 94
Beçhet enterocolitis, 167
Behavioral therapy, 116–117
Benign colon tumors

angiomas, 268
(cystic) lymphangiomas, 268
mesenchymal lesions, 266–267

neoplastic epithelial lesions, 265–266
neuromas, 267–268
non-neoplastic (see Non-neoplastic epithelial  

lesions)
PCI, 268–269
polyp classification

adenomatous, 261
serrated, 261

strictures, 161
Biofeedback therapy, 130
Bloody diarrhea, 167, 168, 223, 225, 227
Bone tumors, 341
Bowel emptying, 87, 92, 95
Bowel incontinence. See Fecal incontinence (FI)
Budesonide, 165, 231
Bulking agents, 98, 115

C
Calcium channel antagonists, 50–51
Candida infections, 77
Capsule methods, 31–32
CCR. See Corpus cavernosum recti (CCR)
CCST. See Certificate of Completion of Surgical 

Training (CCST)
Cecum, 8
Celomic metaplasia theory, 241
Certificate of Completion of Surgical Training  

(CCST), 2
Cholangiocarcinoma, 161
Chromoendoscopy (CE), 367
Chronic active disease, 165
Chronic constipation, 105

high-resolution anorectal manometry, 113
HSCR, 119
investigations for, 112
measurements, 109
megarectum and megacolon, 118
observed colonic histological abnormalities,  

107
prokinetics and secretagogues, 116

Chronic diverticular disease, 207
Chronic inflammatory bowel disease, colon cancer, 

291–292
Classical mesh rectopexy, 143
Cleveland Clinic incontinence score, 100
Coccygeal muscles, 20
Coccygodynia, 407
Colectomy, 117–118
Colectomy anastomosis, 170–171
Colectomy with ileorectal anastomosis, 280
Collagenous colitis

complications, 227
definition, 226
diagnostic procedures, 227
differential diagnosis, 227
epidemiology, 226–227
etiology, 226–227
prognosis, 228
symptoms, 227
therapy, 227
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Colon
blood supply

inferior mesenteric artery, 9–10
marginal artery, 10–11
superior mesenteric artery, 9

colonic wall structure
mucosa, 7–8
serosa, 8
submucosa, 8
tunica muscularis, 8

colorectal motility, neural control
autonomic system, 27
colorectal transit time, 27–28
ENS, 26
higher cortical centers, 27, 28
hormonal and immune system control, 27
prevertebral sympathetic ganglia, 26–27

defecation, 29, 32
functions of, 23
lymphatic drainage, 11
nerve supply

enteric nervous system, 11–13
parasympathetic nerves, 11, 12
sympathetic nerves, 11

physiology
anal manometry, 33
antegrade pressure waves, 24
motility, 24, 30–33
muscle contraction, 24
resting membrane potential, 23
retrograde pressure waves, 24

postprandial and diurnal changes, 26
SCFAs absorption, 34
segments

ascending colon, 8
cecum and appendix vermiformis, 8
descending colon, 9
sigmoid colon, 9
transverse colon, 8–9

tone, 24
transit time, defecation disorders, 128–129
water absorption and electrolytes, 33–34

Colon cancer. See also Colorectal cancer (CRC)
adjuvant therapy

contraindication, 297
neoadjuvant chemotherapy, 297–298
UICC stage II, 297

altered bowel habit, 289
anatomy, 289
anemia, 289
chemotherapy, adjuvant, 299
clinical staging, 294
curative intent

hepatic flexure, 295
operative intervention, 295–297
postoperative histopathological evaluation, 297
sigmoid resection, 295, 296
splenic flexure, 295, 296
synchronous distant metastasis, 296
transverse colon, 295, 296

diagnosis, 292–294
etiology/epidemiology

extrinsic factors/risk, 290
familial pattern of inheritance, 289
genetic factors, 290

follow-up regimen, 299
histopathological evaluation, 299
incidence, 289
laboratory testing, 294
metastases and local recurrence, 299
palliative treatment, 298–299
rectal bleeding, 289
screening

in healthy population, 292
increased risk population, 292–293

symptoms, 289, 293
Colonic lesions

angiodysplasia, 390
angiomatosis., 390, 391
arteriovenous malformation, 390, 392
diverticular disease, 389–390
inflammatory bowel disease, 391
ischemic colitis, 391
neoplasias, 391
postpolypectomy bleeding, 391
postradiation colitis, 390–391
small-bowel hemangioma, 390, 392
telangiectasia, 390
vascular lesions, 390
vascular malformations, 390

Colonic volvulus
definition, 385
diagnosis, 386
epidemiology, 385
etiology, 386
physical examination, 386
signs and symptoms, 386
treatment

cecal volvulus, 387
sigmoid volvulus, 386–387

Colonoscopy bowel preparation
contraindications, 360
diet and cathartics, 360
diverticular disease, 209
IBS, 151
ischemic colitis, 224
peroral gut lavage, 360
phosphates, 360

Colorectal cancer (CRC), 159–161
bowel movements, 311
clinical signs, 307
colon/rectal bleeding,  

49, 110, 111, 245, 266, 269, 307
epidemiology/etiology

age, 303
behavioral factors, 304
dietary factors, 304
excess alcohol consumption, 304
family history, 303
incidence ratio, 304
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Mediterranean diet, 304
obesity, 304
personal history, 303
physical activity, 304
tobacco use, 304

fecal incontinence, 311
follow-up schedule:, 312
gonadal function, 312
late adverse events, 312
morphological verification and classification, 307
noninvasive imaging, 331
obstruction (see Large-bowel obstruction (LBO))
oncologic outcomes, 310–311
pathological TNM staging, 273, 274
postoperative and functional outcomes, 312
postoperative chemotherapy, 312
quality control, 312
resection, 4
sexual function, 311
synchronous CPM (see Colorectal peritoneal 

metastases (CPMs))
treatment

anorectal junction, 309
APE, 305
bowel preparation, 307–308
chemotherapy, 305
extensive surgery, 305
extralevator APE, 310
Hartmann procedure, 310
local excision, 308
low anterior resection, 308–309
organ preservation, 305
pelvic lymph nodes, 310
preoperative treatment, 307, 308
radiotherapy, 304–305
surgical techniques, 308, 309
total mesorectal excision, 304
tumor extension, 309–310
uncontrolled pelvic tumor growth, 305

urinary function, 311
Colorectal carcinomatosis, 325, 326
Colorectal peritoneal metastases (CPMs)

CRS, treatment strategy (see Cytoreductive  
surgery (CRS))

cytoreduction, 329
extra-abdominal metastases, 332
HIPEC, treatment strategy (see Hyperthermic 

intraperitoneal chemotherapy (HIPEC))
hyperthermic intraperitoneal chemotherapy, 329
imaging, 331
Krukenberg ovarian metastases, 332
laparoscopy, 331
limited peritoneal disease, 332
of omentum, 325, 326
organ resectional procedures, 328
pathophysiology, 325–327
patient selection

Corep Score, 330
cytoreductive surgery, 331
optimal maximal palliative tumor debulking, 330

PCI, 329, 330
Peritoneal Surface Disease Severity  

Score, 330
Prognostic Score, 330

pelvic dissection, 328
perforated tumour, 332
peritonectomy procedures, 328
primary obstruction, 332
of rectovesical pouch, 325, 326
symptomatic primary obstruction, 332
training programs, 332
tumor biology, 326
tumor types and selection criteria for, 333

Colorectal polyposis
age, 280
chemoprevention, 281
flexible endoscopic examination, 281
perianal digital and flexible endoscopic  

examination, 281
perianal digital examination, 281
surgical types

IPAA, 280
IRA, 280
proctocolectomy with permanent end ileostomy, 

280–281
Colostomy

constipation, 118
Hartmann procedure, 310
neoplastic colorectal obstruction, three-stage 

procedure, 384
PMC, 222
SEMS, 363
stoma

anatomic sites, 351
colostomy plug, 352
construction, 353
indications, 118, 350
irrigation, 352

Completion proctectomy, 166, 281
Complicated diverticulitis, 206–207
Computerized virtual chromoendoscopy

FICE and iScan, 367
narrow-band imaging, 367

Condyloma, genital, 319
Condylomata acuminate, 78
Congenital tumors

nonvestigial tumors, 340–341
vestigial tumors, 337–340

Conservative dietary therapy, 143
Constipation

classification
etiology, 108
measurements, 109
symptoms, 108–109

defecation disorders, 123, 127, 131, 132
diagnostics

clinical examination, 110–111
clinical history, 109–110
investigations, 111–115

epidemiology, 108
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Constipation (cont.)
etiology, 105

brain-gut influences, 107
observed anorectal physiological abnormalities, 

106–107
observed colonic histological abnormalities, 107
observed colonic physiological abnormalities, 

105–106
HSCR, 119
IBS, 151, 154
incidence, 107–108
megarectum and megacolon, 118–119
rectal prolapse, 136
treatment

medical therapy, 115–117
surgical treatment, 115–117

Contact dermatitis, 74
Continence testing, 92
Conventional hemorrhoidectomy, 42–44
Corpus cavernosum recti (CCR), 14–15, 37–38
Corrugator ani muscle, 14, 15
Corticosteroids, 229, 231, 234
CRC. See Colorectal cancer (CRC)
Crohn’s disease (CD), 56

conglomerate inflammatory tumors, 179
diarrhea, 178
differential diagnosis, 181
endoscopy, 181, 182
epidemiology, 177
etiology, 177
extraintestinal manifestations

and associated diseases, 179, 180
classification, 179–181
diagnostics, 181
disease activity, 179–181

first-line treatment
Crohn’s colitis, 184
extensive small-bowel disease, 184
gastroduodenal disease, 184
ileocecal, 183–184
oesophageal disease, 184
perianal disease, 184

fistula types, 178, 179
IBD

adjusting therapy, 233
anti-TNF agents, 231–232
first-line conventional therapies, 229, 231
graduated approach/early combotherapy, 232
immunosuppressants, use of, 231
monitoring patients, 233
preventing postoperative recurrence, 234, 235
therapeutic algorithm, 232–233

ileocolic fistula, 178, 179
imaging

CT, 181–183
high-resolution ultrasound, 181
MRI, 181–183
plain radiograph, 181
therapy, 182–183

indeterminate colitis
diagnosis, 199
etiology, 198
patients, surgery in, 200, 201

laboratory testing, 181
lichen sclerosus, 77
malnourished and anorectic, 178
Montreal classification, 178
pathology, 177–178
stenosis, 178
surgery

bowel lengthening, 186
cancer, 193–194
indication for, 184–186
minimally invasive surgery, 189–190
perianal disease, 190–193
pregnancy and fertility, 194
principles, 186–189
risk factors, 189
strategy, 189
volume aspect/specialist institution, 193

treatment escalation, 184
UC, 158, 163, 167, 169, 172

Crohn’s Disease Activity Index (CDAI), 179
Cryotherapy, 78
Cyclosporine, 164
Cytoreductive surgery (CRS)

Corep score, 330
extra-abdominal metastases, 332
health care organizations, 332
morbidity and mortality, 328
organ resectional procedures, 328
peritoneal malignancy tumor types and selection 

criteria, 332, 333
Peritoneal Surface Disease Severity Score, 330
peritonectomy procedures, 328
quality of life, 329
treatment strategy

peritoneal tumor volume reduction, 327
randomized controlled trial, 327

D
Deep infiltrative endometriosis (DIE). See Endometriosis
Defecation disorders, 29, 32, 106, 109

conservative treatment, 130
definition, 123–124
diagnostics

anorectal physiology tests, 128
colonic transit time, 128–129
dynamic defecography, 127
EMG, 129–130
endoanal ultrasound, 129
examination, 126–127
standard dynamic defecography, 127–129
symptoms, 125–126
urological workup, 130
workup, 127

epidemiology, 123–124
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etiology and pathophysiology
anatomic defects, 125
excessive perineal descent, 125
functional anal obstruction, 124
rectal hyposensitivity, 124–125
rectal inertia, 124–125
rectal reservoir, deformities of, 125

management, 123, 133
medical treatment, 123
normal defecation, 133
pelvic floor retraining, 123, 130
surgical techniques

indications for, 132
transabdominal approach, 131
transanal approach, 130–131
transperineal/transvaginal approach, 131

symptoms, 123
Defecography, 92, 132, 135

with bowel barium filling, 127, 128
defecation scintigraphy, 128
defecographic parameters, 127
dynamic magnetic resonance imaging, 127, 129

Delorme mucosectomy, 138, 139
Dermatophyte infection, 77
Descending colon, 9
Desmoid tumors

of abdominal wall, 282
giant desmoid tumor, 282, 283
intestinal ischemia and perforation, 284
medical treatment, 283
natural history, 282
risk factors, 283
surgical treatment, 283

DGP. See Dynamic graciloplasty (DGP)
Diarrhea, IBS, 151, 153–154
Dietary fibers, 34
Diltiazem, 51
Diverticular disease, 207–208

access, 211
classification

anatomic diverticulosis, 204
asymptomatic diverticulosis, 205–206
chronic diverticular disease, 207
complicated diverticulitis, 206–207
diverticular hemorrhage, 207–208
GGDDC, 205
Hansen and Stock classification, 205
Hinchey classification, 205
severe/moderate disease, 205
uncomplicated diverticulitis, 206

complications
abscess, 212
fistulas, 211
stenosis, 211–212

diagnostics
colonoscopy, 209
radiological imaging techniques, 208–209

epidemiology, 204
etiology, 203–204

in immunocompromised patients, 212–213
medical treatment, 209–210
recurrent diverticulitis, 213
right-sided diverticulitis, 213
surgical treatment, 210–211
in young patients, 212

DNA microsatellite instability (MSI), 278
DNA mismatch repair (MMR) genes, 278
Doppler-guided hemorrhoidal artery ligation  

(DG-HAL), 41
Duodenal adenomas, 281–282
Duodenal polyposis, 281, 282
Dynamic defecography, defecation  

disorders, 127
Dynamic graciloplasty (DGP), 94–95
Dyschezia. See Defecation disorders
Dysplasia, 160, 189, 200

E
EAUS. See Endoanal ultrasound (EAUS)
ECCO. See European Crohn’s Colitis Organisation 

(ECCO) guidelines
Electrolytes, 33–34
Electromyographic recording, 91
Embryonic rests theory, 241
Emergency colectomy, ulcerative colitis,  

167–170
End ileostomy, ulcerative colitis, 167–172
Endoanal delorme, 143
Endoanal ultrasound (EAUS)

defecation disorders, 129
fecal incontinence, 90, 91

Endocytoscopy, 370
Endometriosis

classification, 243, 245
defecatory symptoms, 249
definition, 241
diagnosis

pelvic pain, 243
preoperative, 243

epidemiology, 242–243
estrogen-dependent disease, 247
etiology, 241–242
fertility, 249
fibrotic core, 241, 242
ileocecal, 243
incidence, 242
long-term outcome, 249
lumen reduction, 241, 242
morbidity, 249
ovarian, 241, 247, 248
pathogenesis, 241
physical examination

colorectal surgeon, 245
gynaecologist, 245

symptoms, 243
transvaginal sonography imaging,  

245–246
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Endometriosis (cont.)
treatment

of adnexal lesions, 248
bowel surgery, 247–248
laparoscopic assisted surgery, 248
laparoscopic disk excision, 247
medical, 247
patient management, 246
rectal involvement, 248

Endoscopy, diagnostic, 4
autofluorescence endoscope, 368
chromoendoscopy, 367
colonoscopy

bacteremia risk, 361
complications, 361
contraindications, 360
double-contrast barium enema, 361
generally accepted nonindications, 359–360
high-risk situations, 360
indications, 358–359
patient preparation, 360–361
report chart, 361
sedation and analgesia, 360–361
surveillance, 365
virtual colonoscopy, 361

colorectal polyp, 367
computerized virtual chromoendoscopy

FICE and iScan, 367
narrow-band imaging, 367

endocytoscopy, 370
HD WLE, 365–366
light-scattering spectroscopy, 369
magnification colonoscopy, 366–367
molecular imaging, 370
optical coherence tomography, 369–370
Pentax confocal laser endomicroscopy system, 368
PMC, 220–221
postpolypectomy surveillance

benign polyps, 364
malignant polyps, 364–365

Raman spectroscopy, 368–369
sigmoidoscopy

angiodysplasia, 358, 359
colon cancer, 358, 359
colonic diverticula, 358, 359
complications, 358
contraindications, 357–358
hemorrhoids, 358, 359
indications, 357
large rectal polyp, 358
patient preparation, 358
report chart, 358

therapeutics
polypectomy, 361–363
SEMs, 363–364

tissue stain types, 367, 368
Enhanced recovery after surgery (ERAS) pathways

application, 418–419
clinical benefits, 419

definition, 418
early mobilization and food intake, 418
evidence-based measures, 418, 419
history and development, 417–418
insulin resistance, 419
opioid-sparing pain strategies, 418
patient optimization, 419
zero fluid balance, 418
Zurich multicenter study, 419

ENS. See Enteric nervous system (ENS)
Enteric nervous system (ENS), 11–13, 26
Enterocele, 125–127, 132, 137
Enzian classification, 243, 245
Epiploic lymph nodes, 11
European Crohn’s Colitis Organisation (ECCO) 

guidelines, 234, 235
Excessive perineal descent, 125
Expulsion, 112
External anal sphincter, 20, 29
Extraabdominal desmoid tumors, 341–342
Extramammary Paget disease, 274

F
Familial adenomatous polyposis (FAP)

adenoma-carcinoma sequence, 280
attenuated adenomatous polyposis, 278
autosomal-dominantly inherited condition, 277
classic FAP, 277
colon cancer, genetic factors, 290
colorectal polyposis, 280–281
desmoid tumors, 282–284
duodenal adenomas, 281–282
family history, 277
genetic testing, 278
histological type of, 265, 266
molecular testing, 279
screening guidelines, 279–280

Fansler-Arnold technique, 43
Fecal incontinence (FI), 45, 54, 87, 101

classification, 88
anal sphincter lesion, 88–89
idiopathic, 89
neurogenic, 89
overflow incontinence, 88

Cleveland Clinic incontinence score, 100
diagnosis

anorectal manometry, 91
anorectal physiology, 90–91
continence testing, 92
defecography, 92
EAUS/MRI, 90, 91
history, 89
inspection and palpation, 90
neurological examination, 91
proctoscopy and rigid sigmoidoscopy, 90
sensibility testing, 91

etiology, 87
incidence, 87–88
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International Consultation on Incontinence, 99
St. Marks incontinence score, 100
treatment, 92

ABS, 95–96
algorithms, 99
anal sphincteroplasty, 93–94
anterograde irrigation, 99
biomaterials, 98
conservative therapy, 92–93
dynamic graciloplasty, 94–95
injectables, 98
magnetic sphincter, 98
operative/interventional therapy, 93
pelvic floor repair, 94
posterior tibial nerve stimulation, 97–98
SNS/sacral neuromodulation, 96–97
sphincter modulatory therapy, 98–99
sphincter replacement/substitution, 94
stoma, 99

Fecal leakage, 75
FI. See Fecal incontinence (FI)
Fibrin glue techniques, 71, 84
Fibrosarcomas, 341–342
Fibrous polyps, 56
FICE system, 367
Fidaxomicin, 222
Fissurectomy, 53–54
Fissurotomy, 54
Fistula

anal (see also (see also Anal fistula))
clip, 71
intestinal, 425, 427, 430
plug, 68–70
vaginal fistula, 71–72

Fistulectomy, primary sphincter reconstruction, 66–69
Fistuloclysis, 428
Flap techniques, 66, 84
Frykman-Goldberg procedure, 139–140
Functional anal obstruction, 124

G
Gastrointestinal (GI) bleeding

acute hemorrhage, 161
anorectal lesions, 391, 393
causes, 389
clinical presentation, 389
colonic lesions

angiodysplasia, 390
angiomatosis., 390, 391
arteriovenous malformation, 390, 392
diverticular disease, 389–390
inflammatory bowel disease, 391
ischemic colitis, 391
neoplasias, 391
postpolypectomy bleeding, 391
postradiation colitis, 390–391
small-bowel hemangioma, 390, 392
telangiectasia, 390

vascular lesions, 390
vascular malformations, 390

diagnostic endoscopy, 394–395
imaging

endoscopic per-colonoscopic polypectomy, 399, 
400

multidetector computed tomography angiography, 
397–398

nuclear medicine, 396–397
pancreatic carcinoma, 399, 401
subtotal colectomy, ulcerative colitis, 399, 402
therapeutic angiography, 398–399
transcatheter embolization, 402

lower hemorrhages, 389
operative strategy, 399–400
small-bowel lesions

angiodysplasia, 393
chronic vs. acute, 393–394
definitions, 393, 394
massive haemorrhage, 394
Meckel diverticulum, 393
severity assessment, 393, 394
treatments, 394

therapeutic endoscopy, 395
upper hemorrhages, 389
wireless capsule endoscopy, 395–396

Gastrointestinal stromal tumors (GISTs), 267, 341–342
Genetics

colon cancer
AAPC, 290
BRAF analysis, 290
chronic inflammatory bowel disease, 291–292
FAP, 290
hamartomous polyposis syndrome, 291
HNPCC, 291
HNPCC–like genome defects, 290
MAP, 290–291

FAP (see Familial adenomatous polyposis (FAP))
HNPCC (see Hereditary nonpolyposis colorectal 

cancer (HNPCC))
hyperplastic polyposis syndrome, 286
juvenile polyposis syndrome, 286
MAP syndrome, 285–286
Peutz-Jeghers syndrome, 286

German guidelines for diverticular disease classification 
(GGDDC), 205, 209

Glyceryl trinitrate (GTN), 50
Goligher classification, 38–39

H
Habit training, 116–117
Hamartomas

colonoscopic snaring, therapy, 263
diagnosis, colonoscopy, 263
epidemiology, 262
symptoms, 262

Hamartomous polyposis syndrome, 291
Hansen and Stock classification, 205
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HAPCs. See High-amplitude propagated  
contractions (HAPCs)

Hartmann procedure, 193–194, 210
Harvey-Bradshaw index, 180
Hemangiomas, 341–342
Hemorrhoidal disease, 37

anatomy, 37–38
classification, 38–39
diagnosis, 39
etiology, 38
resection techniques

acute thrombosed haemorrhoidal prolapse, 45
complications and management, 44–45
conventional hemorrhoidectomy, 42–44
immunocompromised patients, 45
inflammatory bowel disease, 45
perioperative care, 43–44
postoperative care, 43–44
pregnancy, 45
recurrent hemorrhoidal disease, 45
stapled hemorrhoidopexy, 41–42

symptoms, 38
treatment

conservative, 39–40
infrared coagulation, 41
laser hemorrhoidoplasty, 41
ligation-based techniques, 41
rubber band ligation, 40
sclerosing injection, 40
surgical, 40

Hereditary nonpolyposis colorectal cancer (HNPCC)
Amsterdam I/II, 284
Bethesda criteria, 284
clinical guidelines, 284
colon and rectum, 285
colon cancer, genetic factors

Amsterdam I criteria, 291
molecular (pathologic) diagnostics, 291
revised Bethesda guidelines, 291
tumor risk, patients, 291

colorectal cancer predisposition, 277
endometrial cancer, 285
molecular abnormality, 278
molecular screening, 284
screening guidelines, 284–285

Hidradenitis suppurativa, 77
High-amplitude propagated contractions (HAPCs), 105
High-definition white-light endoscopy (HD WLE), 

365–367
Highly active anti retroviral treatment (HAART), 317
Hinchey classification, 205
Hirschsprung disease (HSCR), 119
Histamine, 27
Home parenteral nutrition (HPN), 423, 424, 426, 431
HPN. See Home parenteral nutrition (HPN)
Human immunodeficiency virus (HIV)

AIN, 316, 317
anal fissure, 48
chemoradiotherapy, 320
condylomata acuminata, 78

screening tests, 319
Human papillomavirus (HPV) infection, 78

AIN, 315 –319
condylomata acuminata, 78
screening, 319

Hyperplasia theory, 37
Hyperplastic polyposis syndrome, 279, 286
Hyperplastic polyps

colonoscopic snaring, therapy, 262
diagnosis, colonoscopy, 262
epidemiology, 262
symptoms, 262

Hyperthermic intraperitoneal chemotherapy (HIPEC)
appendicectomy, 329
Corep score, 330
cytotoxic drugs, 328
extra-abdominal metastases, 332
health care organizations, 332
morbidity and mortality, 328
peritoneal malignancy tumor types and selection 

criteria, 332, 333
Peritoneal Surface Disease Severity Score, 330
quality of life, 329
treatment strategy

peritoneal tumor volume reduction, 327
randomized controlled trial, 327

Hypertrophied anal papillae, 56

I
IBD. See Inflammatory bowel disease (IBD)
IBS. See Irritable bowel syndrome (IBS)
Idiopathic megarectum, 119
Ileal pouch-anal anastomosis (IPAA), 199–201
Ileoanal pouch, 170
Ileococcygeal muscles, 18
Ileocolic artery, 9
Ileorectal anastomosis, 170–171, 200
Ileostomy

anterograde irrigation, 99
closure of, 166–167
constipation, 118
emergency surgery, 165
IBD, emergency surgery, 165
ileostomy flux, 354
indeterminate colitis, 197
indications, 350
Kock ileostomy, 353
PMC, 222
retrograde studies, 429
right-sided colonic obstructive cancers, 384
stroma, anatomic sites, 351
surgical procedures, 171–172

Imiquimod, 78
Immune system, 27
Implantable pulse generator (IPG), 96–97
Indeterminate colitis

CD
diagnosis, 199
etiology, 198
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IBD
differential diagnosis, 198–199
etiology, 198
surgical treatment, 197

patients, surgery in, 199–201
Induction theory, 241
Infectious colitis

complications, 226
definition, 225
diagnostic procedures, 226
etiology, 225
symptoms, 225
therapy, 226

Infectious processes, 77–78
Inferior cluneal (perineal) nerve syndrome, 407
Inferior mesenteric artery, 9–10
Inflammatory bowel disease (IBD), 45

CD
adjusting therapy, 233
anti-TNF agents, 231–232
first-line conventional therapies, 229, 231
graduated approach/early combotherapy, 232
immunosuppressants, use of, 231
monitoring patients, 233
preventing postoperative recurrence,  

234, 235
therapeutic algorithm, 232–233

indeterminate colitis
differential diagnosis, 198–199
etiology, 198
IBD unclassified, 197
patients, surgery in, 200
surgical treatment, 197

treatments, characteristics of, 229, 230
UC (see Ulcerative colitis (UC))

Inflammatory dermatoses, 75–76
Inflammatory polyps

diagnosis, 265
endoscopic snaring, 265
epidemiology, 264
inflammation inhibition, 265
symptoms, 265

Inflammatory stenosis, 182, 183
Infliximab, 164, 165
Infrared coagulation, 41
Injection, fecal incontinence, 98
Intermediate lymph nodes, 11
Internal anal sphincter, 14, 15, 28
Internal procidentia. See Rectal cancer
Internal rectal prolapse. See Rectal cancer
Interneurons, 26
Intersphincteric abscesses, 60
Intestinal endometriosis, 242. See also Endometriosis
Intestinal failure (IF)

anatomy and function, 428–429
causes, 425
classification, 423, 424
component separation techniques, 431
cross-sectional imaging, 428
definitions, 423

epidemiology, 424
etiology, 424–426
impaired gut function, 423
nutrition and medical therapy, 428
open abdomen, 425, 426
postoperative enterocutaneous fistula, 429
prevention, 424–426
sepsis and skin care, 427, 428
surgical procedures

abdominal wall reconstruction, 431
gastrointestinal continuity restoration, 430
preoperative planning, 429–430

type 1 IF
enhanced-recovery protocols, 424
management, 426
perioperative interventions, 424
postoperative ileus, 424

type 2 IF
causes, 425
CD, 425
management, 426

type 3 IF
causes, 426
management, 431
short bowel syndrome, 426
surgical treatment, 426

Intestinal fistula, 425, 427, 430
Intestinal strictures, 218
IPAA. See Ileal pouch-anal anastomosis (IPAA)
IPG. See Implantable pulse generator (IPG)
Irritable bowel syndrome (IBS)

definition, 147–148
diagnosis

abdominal ultrasound, 151
additional tests, 151
colonoscopy, 151
constipation-predominant symptoms, 151
criteria, 151
diarrhea-predominant symptoms, 151–152
ileocolonoscopy, 150
pain-predominant symptoms, 151
physical examination, 151

epidemiology, 148–149
etiology/pathophysiology

altered motility, 149
dietary factors, 149–150
gastrointestinal infection, 149
psychological comorbidity, 150
stress, 150
visceral hypersensitivity, 149

general management and therapy
dietary factors, 152
lifestyle advice, 152
off-label therapies, 152
psychological comorbidities, 153
targeted symptom-oriented therapy,  

153–155
interdisciplinary S3 guideline, 147
prognosis, 154
symptoms, 148, 150
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Ischemic colitis
angiography, 224
complications, 223
definition, 222
diagnostic procedures, 223–224
differential diagnosis, 224
epidemiology, 222–223
etiology, 222–223
symptoms, 223
therapy, 224–225

Ischioanal abscesses, 60
Ischioanal space, 21–22
ISDN. See Isosorbide dinitrate (ISDN)
Isosorbide dinitrate (ISDN), 50

J
Juvenile polyposis syndrome (JPS), 279, 286

colonoscopic excisions, 263
epidemiology, 263
risk-adaption, 263
symptoms, 263

Juvenile polyps
colonoscopic snaring, 263
diagnosis, colonoscopy, 263
epidemiology, 263
symptoms, 263

K
Karyadakis technique, 84

L
Laparoscopic ventral mesh rectopexy (LVMR),  

137, 140–144
Large-bowel obstruction (LBO)

acute colonic pseudo-obstruction, 387
chronic, 379
colonic volvulus (see Colonic volvulus)
diagnosis, 380–381
diverticular disease, 387
endometriosis, 387
etiology, 379, 380
extrinsic expanding lesions, 387
fecal impaction, 387
management, 381
mechanical/functional blockage, 379
neoplastic colorectal (see Neoplastic colorectal 

obstruction)
O’Gilvie syndrome, 387
open/closed loop, 379
partial/complete, 379
pathophysiology, 379
physical examination, 380
radiation damage, 387
routine laboratory studies, 380
symptoms, 379–380
therapeutic intervention, 379

Large intestine, 7
Laser hemorrhoidoplasty, 41
Lateral mesh rectopexy, 140

Laxatives, 115–116
Left colic artery, 9–10
Leiomyomas

colonoscopically snare polypectomy, 267
diagnosis, 267
epidemiology, 267
symptoms, 267
transanal excision, 267

Levator ani muscle, pelvic floor
coccygeal muscles, 20
ileococcygeal muscles, 18
pubococcygeal muscle, 19
puborectal muscle, 19–20

Levator ani syndrome, 407
Lichen sclerosus, 76–77
LIFT. See Ligation of the intersphincteric fistula tract 

(LIFT)
Ligation-based techniques, 41
Ligation of the intersphincteric fistula tract (LIFT), 70
Limberg flap, 84
Linaclotide, 116
Lipomas

colonoscopic resection, 267
diagnosis, 267
epidemiology, 266
rectal lipomas, 267
surgical resection, 267
symptoms, 266

Liposarcomas, 341–342
Loop ileostomy, closure of, 166–167
Lubiprostone, 116
LVMR. See Laparoscopic ventral mesh rectopexy 

(LVMR)
Lymphangiomas, cystic

diagnosis, 268
epidemiology, 268
symptoms, 268
therapy, 268

Lymphatic drainage, 11
Lymphoid polyps

colonoscopic snaring, 265
diagnosis, 265
epidemiology, 264
symptoms, 265

Lynch syndrome, 277, 303, 312

M
Male sex with men (MSM), 78, 79, 315, 317, 319, 321, 

322
Marginal artery, 10–11
Megacolon, 118–119
Megarectum, 118–119, 124–125, 132
Mesenchymal lesions

blood vessels, 9–10
leiomyomas, 267
lipomas, 266–267

Mesorectum, 16
Methotrexate, 184, 231
Metronidazole, 222
Microscopic colitis. See Collagenous colitis
Middle colic artery, 9

Index



461

Milligan-Morgan technique, 42, 43
Mixed-tumor classification, 341–342
Molecular imaging, 370
Montreal classification, 178
Motilis 3D-Transit system, 31
Motor neurons, 26
MSM. See Male sex with men (MSM)
Mucopexy, 41
Mucosa, 7–8
MYH-associated polyposis (MAP) syndrome

autosomal-dominant pattern, 278
colon cancer, genetic factors, 290–291
management, 285–286
8-Oxo-guanine, 278
screening colonoscopies, 285

Myofascial syndrome, 408

N
Necrotizing enterocolitis (NEC)

complications, 218
definition, 217
diagnosis, 218
differential diagnosis, 219
epidemiology, 217
etiology, 217
prognosis, 219
surgical procedures, 218–219
symptoms, 217–218
therapy, 218

Neoplastic colorectal obstruction
conservative treatment, 383–384
diagnosis, 383
epidemiology, 381
etiology, 381
local recurrence, 383
perioperative and long-term survival, 385
prognosis, 385
surgical treatment

one-stage procedure, 384–385
three-stage procedure, 384
two-stage procedure, 384, 385

symptoms, 381–382
Neoplastic epithelial lesions, adenomatous polyps, 

265–266
Neuroendocrine tumors (NETS), 274
Neurogenic fecal incontinence, 89
Neurogenic tumors, 341
Neuromas

colonoscopic snaring, 268
diagnostic colonoscopy, 268
epidemiology, 267
symptoms, 267
transanal excision, 268

Neuromodulation, 118
Nitric oxide (NO) donors, 50
Nonconscious sensory information, 27
Non-neoplastic epithelial lesions

hamartomas, 262–263
hyperplastic polyps, 262
inflammatory polyps, 264–265
juvenile polyposis syndrome, 263

juvenile polyps, 263
lymphoid polyps, 265
Peutz-Jeghers syndrome, 263–264

Nonsteroidal anti-inflammatory drug, 204
Nonvestigial tumors

chordomas, 340
meningoceles, 340–341

Normal-transit constipation, 109

O
Obstructed defecation (OD), 135
Obturator internis syndrome, 407
Occult rectal prolapse. See Rectal cancer
Oral 5-aminosalacylic acid (5-ASA), 164, 165
Orr-Loygue procedure, 140
Outlet obstruction. See Defecation disorders

P
Paget’s disease, 79, 274
Paracolic lymph nodes, 11
Paraproctium, 16
Parasympathetic activity, 27
Parasympathetic nerves, 11, 12
PD. See Pilonidal disease (PD)
Pediatric Crohn’s Disease Activity Index  

(PCDAI), 179
Pelvic and perineal chronic pain

abdominogenital pain, 408
classifications, 406, 407
clinical examination

iliohypogastric area, 405
inferior cluneal nerve area, 405
inflammatory pain, 405
mechanical pain, 406
medications, 406
perineal nerve distribution, 405, 406
physical examination, 406
pudendal nerve area, 405
symptoms, 406

definition, 405
endoscopic investigations, 406
imaging, 406
locoregional infiltration, 408, 410
myofascial syndrome, 408
neurophysiological studies, 406
postoperative pain, 409–410
proctalgia fugax, 408
sacral nerve irritation, 408
sitting position

coccygodynia, 407
inferior cluneal (perineal) nerve  

syndrome, 407
levator ani syndrome, 407
obturator internis syndrome, 407
Piriformis Syndrome, 407
pudendal nerve entrapment, 406–407

treatment, 408, 409
urethral syndrome, 408
vestibulodynia, 408
vulvar vestibulitis, 408
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Pelvic autonomic nerves, 17–19
Pelvic floor, 18

anal continence organ, 20–21
blood supply, 20
external anal sphincter, 20
levator ani muscle

coccygeal muscles, 20
ileococcygeal muscles, 18
pubococcygeal muscle, 19
puborectal muscle, 19–20

muscle exercise, 93
nerve supply, 20
pelvic spaces, 21

ischioanal space and perineal body, 21–22
perianal space, 22
subperitoneal space, 21

repair, 94
smooth pelvic muscles, 20

Pentax confocal laser endomicroscopy system, 368
Perianal cancers, 272–274
Perianal dermatitis, 75–76
Perianal disease

anal inflammation, 190
complex, 191, 192
diagnosis, 190–191
first-line treatment, 184
fistula drainage assessment, 191
Modified American Gastroenterological Association 

algorithm, 191, 193
MRI, 182
Parks classification, 191
Perianal Disease Activity Index, 191
proctectomy, 192
reconstructive surgery, 192, 193
simple, 191, 192
stoma, 192

Perianal disease activity index, 191
Perianal drug eruptions, 79
Perianal psoriasis, 76
Perianal skin conditions, 138–139

anal intraepithelial carcinoma and anal carcinoma, 
78–79

condylomata acuminate, 78
infectious processes, 77–78
inflammatory dermatoses, 75–76
lichen sclerosus, 76–77
perianal drug eruptions, 79
psoriasis, 76
ulceration, 79

Perineal rectosigmoidectomy, 138
Periodic colonic motor activity, 24
Perirectal fasciae, 16
Peritoneal Carcinomatosis Index (PCI), 329, 330
Peritoneal malignancies. See Colorectal peritoneal 

metastases (CPMs)
Peritoneal Surface Disease Severity Score, 330
Peutz-Jeghers syndrome (PJS), 279, 286

colon cancer, genetic factors, 291
diagnosis, 264
endoscopic snaring, 264
epidemiology, 263–264
gastrointestinal tract, 264

lips and perioral tissue, 264
symptoms, 264

Pilonidal disease (PD)
chronic

complications, 84–85
minimal surgery, 83
open surgery, 83–84
wound closure procedures, 84

clinical presentation and diagnosis, 82, 83
etiology, 81–82
incidence, 82
nonoperative treatment, 83
surgical treatment, 83
therapy, 82–83

Pilonidal sinus, 82, 83
Pinworm infection, 77
Piriformis syndrome, 407
PMC. See Pseudomembranous colitis (PMC)
Pneumatosis coli, 268–269
Pneumatosis cystoides intestinalis (PCI)

bacterial theory, 268
diagnosis, 269
etiology, 268
pulmonary theory, 268
symptoms, 269
therapy, 269
trauma theory, 268

Pneumatosis intestinalis, 218
PNTML. See Pudendal nerve terminal motor latency 

(PNTML)
Podophyllin, 78
Polypectomy technique

clipping devices, 362
complications

Frank perforation, 363
immediate bleeding, 362
post-polypectomy syndrome, 362
secondary (delayed) hemorrhage, 362

dye-spray cannulas, 362
hot biopsy polypectomy forceps, 362
injection needles, 362
nylon-loop devices, 362
polyp retrieval, 362
snare loops, 362

Posterior mesh rectopexy, 140
Posterior tibial nerve stimulation (PTNS), 97–98
Postoperative bleeding, 45
Post-polypectomy syndrome, 362
Pouchitis, 165
Prevertebral sympathetic ganglia, 26–27
Proctalgia fugax, 408
Proctectomy, perianal disease, 192
Proctocolectomy, ulcerative colitis, 171–172
Proctodeal glands, 15–16
Proctology, 3–4
Proctoscopy, 90
Prokinetics, 116
Pruritus ani, 78
Pseudomembranous colitis (PMC)

complications, 220
definition, 219
diagnosis, 220–221
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differential diagnosis, 222
epidemiology, 219–220
etiology, 219–220
prognosis, 222
symptoms, 220
therapy, 221–222

PTNS. See Posterior tibial nerve stimulation (PTNS)
Pubococcygeal muscle, 19
Pudendal nerve entrapment, pelvic pain

diagnosis, 407
hypersensitivity, 407
Nantes criteria, 407
physical effort, cycling, 406–407
topography, 406

Pudendal nerve terminal motor latency (PNTML), 91

Q
Quiescent disease, remission in, 165

R
Rectal cancer. See also Colorectal cancer (CRC)

compliance, 29, 32–33
fascia, 16
hyposensitivity, 124–125
inertia, 124–125
intussusception, 125, 127, 132

Grade III, 142
OD, 135
technical investigations, 142–143
treatment, 143–144

prolapse
abdominal approaches, 139
anterior sling rectopexy, 140
cinedefecography, 135
Cochrane Database systematic review, 137
defecographic grading, 137
definition, 135
epidemiology, 135–136
lateral mesh rectopexy, 140
LVR, 137, 140–143
perineal approaches, 137–139
posterior mesh rectopexy, 140
sigmoid resection, suture rectopexy with, 

139–140
symptoms, 136
technical investigations, 136–137

Rectal motor complex (RMC), 24, 25
Rectal reservoir, deformities of, 125
Rectal tone, 32–33
Rectoanal reflexes, 29, 31
Rectocele, 125–128, 130, 132, 137, 141, 143
Rectocolpopexy. See Laparoscopic ventral mesh 

rectopexy (LVMR)
Rectoprostatic/rectovaginal septum, 16
Rectoscopy, 90
Rectovaginal septum, 16
Rectum, 13

anal canal and
conjoined longitudinal muscle, 14
corpus cavernosum recti, 14–15

inner surface, 14
internal anal sphincter, 14
proctodeal glands, 15–16

anorectal motility and sensitivity, 29
blood supply, 16–17
colorectal motility, neural control

autonomic system, 27
colorectal transit time, 27–28
ENS, 26
higher cortical centers, 27, 28
hormonal and immune system  

control, 27
prevertebral sympathetic ganglia, 26–27

defecation, 29, 32
external anal sphincter, 29
functions, 23, 28
internal anal sphincter, 2
lymphatic drainage, 17–18
nerve supply, 18
pelvic and perirectal fasciae, 16
physiological assessment

anal manometry, 33
colonic motility, 30–33

physiology, 24–26
postprandial and diurnal changes, 26
puborectalis muscle, 29
rectal ampulla, 13
rectal compliance, 29

Restorative proctocolectomy
complications, 171
indeterminate colitis, 197
with IPAA, 280
progression, 166
quality of life, 167
UC, 172–174

Retrograde reflux hypothesis, 241
Retrorectal tumors (RRTs)

anatomy, 337
chemotherapy, 345
classification, 337, 388
diagnosis

cystic benign tumors, 343
echo-endoscopy, 343
preoperative biopsy, 343
proctoscopy, 343
radiology, 342–343
symptoms, 342

incidence, 342
pathology

congenital tumors, 337–341
fibromatosis (desmoid tumor), 342
mixed tumors, 341–342
neurogenic and bone tumors, 341
presacral plexiform neurofibromas, 341

prognosis, 345–346
radiotherapy, 345
surgical treatment

abdominal approach, 343–344
Kraske procedure, 343–345
laparoscopic resection, 345
posterior/anterior, 343, 344
preoperative imaging, 343
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Revised American Society for Reproductive Medicine 
(rASRM) score, 243, 244

Right colic artery, 9
RMC. See Rectal motor complex (RMC)
Rome classification system, 147

S
Sacral nerve stimulation (SNS), 96–97, 118
Sacral radiculopathy, 408
Scintigraphy, 31
Sclerosing injection, 40
SDRIFE. See Systemic drug-related intertriginous and 

flexural exanthema (SDRIFE)
Self-expanding metal stents (SEMSs)

combined endoscopic/fluoroscopic placement, 363
complications, 364
palliation of patients, 363
preoperative decompression, 363
radiological placement, 363

Sensory neurons, 26
Septic complications, 138, 142, 189, 201, 210, 211
Short-bowel syndrome, 185, 186, 218, 354, 423, 426
Short-chain fatty acids (SCFAs), 23, 34
Sigmoid arteries, 10
Sigmoidostomy, 192, 350, 351, 376–377
Single nonpropagating contraction, 24
Skin care, 92
Skin-prick test, 90
Slerotherapy, 40
Slow-transit constipation, 109, 112
Small-bowel lesions

angiodysplasia, 393
chronic vs. acute, 393–394
definitions, 393, 394
Meckel diverticulum, 393
severity assessment, 393, 394
treatments, 394

Smooth pelvic muscles, 20
SNS. See Sacral nerve stimulation (SNS)
Solitary rectal ulcer syndrome (SRUS)

isolated erythema, 137
lesions, 135
mucosal trauma and ischemia, 135
technical investigations, 142–143
trauma, 142
treatment, 143–144

Somatic nerves, 18
SONIC trial, 232
Sphincter modulatory therapy, 98–99
Sphincteroplasty, anal canal, 93–94
Sphincterotomy, 52–53
SRUS. See Solitary rectal ulcer syndrome (SRUS)
Stage grouping, 272–273
Stapled hemorrhoidopexy, 41–42
Stapled transanal rectal resection (STARR), 143
Stem cell injection, 71
Stenosis

CD, 178, 186
diverticular disease, 211–212

Steroid-refractory disease, 184

Steroids, systemic, 234
Stoma

colostomy plug, 352
complications

ileostomy flux, 354
parastomal hernia, 354
peristomal skin infection, 353
prolapse, etiology, 354
skin excoriation, 353
stenosis, 354
stoma necrosis, 353

constipation, 118
construction

anatomic sites, 351
preoperative counseling, 351

definitions, 349
efficacy, 350
elective formation, 351
fecal diversion, 349
formation, 4
indications

for permanent stoma, 349
for temporary stoma, 349–350

irrigation, 352
Kock ileostomy, 353
loop colostomy, 350
loop ileostomy, 350
preoperative counseling, 351
surgical techniques

conventional (open) surgery,  
351–352

laparoscopic surgery, 352
total anorectal reconstruction, 353

Stomatherapy, 167. See also Stoma
Stool consistency, regulation,  

49, 87, 93, 125
Submucosa, 8
Subperitoneal space, 21
Sudeck’s point, 10
Superior mesenteric artery, 9
Superior rectal artery (SRA), 37
Supralevatoric abscesses, 61
Surgical site infection (SSI), 416–417
Surgical stress response

cost issues, 412
hospital stay, 415, 417, 419
insulin resistance, 412
minimal invasive surgery, 417
multimodal pathways (see Enhanced  

recovery after surgery (ERAS)  
pathways)

pathophysiology, 411–412
perioperative management

bowel preparation, 415
nutritional screening, 414–415
perioperative nutrition, 414–415
smoking cessation, 414
SSI avoidance, 416–417
steroids, 415–416

postoperative morbidity
incidence, 412–413
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prevention and treatment, 413
risk factors, 413–414

Suture rectopexy, 139
Sympathetic activity, 27
Sympathetic nerves, 11, 26–27
Synthetic mesh, 140–142
Systemic drug-related intertriginous and flexural 

exanthema (SDRIFE), 79

T
Tailored haemorrhoidectomy, 43, 44
Teicoplanin, 222
Tetanic tone, 24
Thiopurines, 231
Thyroid hormone, 27
Tonic contractions, 24
Transcutaneous cecal catheter, 99
Transperineal approach, 131
Transvaginal approach, 131
Tumors

of anal canal, 271, 272
colon and rectum

malignant, 271, 272
mesenchymal, 271, 272
premalignant lesions, 271, 272

pathological TNM staging, 274
perianal tumors, 271, 273
regression grading, 275
satellite deposits, 276
total mesorectal excision grading, 274–275
UICC/AJCC TNM Classification, 271–274

Tunica muscularis, 8

U
Ulcerative colitis (UC)

colectomy and ileorectal anastomosis,  
170–171

completion proctectomy, 166
complications

acute GI hemorrhage, 161
benign strictures, 161
cholangiocarcinoma, 161
CRC, 159–161
toxic megacolon, 161

conservative treatment, 163
definition, 157
diagnosis

blood tests, 162
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