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Introduction

Philip Hanno, David Staskin, Alan Wein, 
Jørgen Nordling, and Jean Jacques Wyndaele

Dr. Guy LeRoy Hunner, 1868–1957, a Johns 
Hopkins gynecologist, in a paper delivered to the 
Boston Medical Society described the ‘Hunners 
Ulcer’ in 1915. Seventy years later, in 1985 the 
idea of bringing together experts in the field of 
interstitial cystitis led to an assemblage following 
the 1986 International Continence Society meet-
ing in Boston. This meeting was a unique oppor-
tunity to take advantage of the attendance and 
willingness of most of the authors who were 
internationally recognized in the field, and who 

eventually contributed to the first edition 
published in 1990.

Twenty-seven years is a long time between 
editions. Much has changed. Books and journals 
are no longer on library shelves, but exist in the 
ether. Much has not changed. Only two drugs are 
approved by the Food and Drug administration to 
treat IC/BPS, both of which were available when 
the first edition was printed. We think it is time to 
take a look back at how the field has advanced 
given the millions of dollars in research that have 
been devoted to it and the world-wide interest in 
the disorder that propelled the prevalence data 
from an estimated 40/100,000 to a current esti-
mate of greater than 2700/100,000. What have 
we learned in the last 30  years, where are we 
now, and how can we best advance the field 
forward?

One hundred years after Hunner’s paper, this 
text is intended to serve as an update of the first 
edition of Interstitial Cystitis, and to be of value 
to the researcher, clinician, and patient who seek 
a perspective as to where we are and how we got 
there. The format was chosen intentionally, as the 
majority of chapters take the unique approach of 
revisiting and revising and critiquing the initial 
text—“what we got right”, “what we got wrong”, 
“have we made progress?”, and “in which direc-
tion should we should go?”. Broad philosophical 
changes in approach to the patient and specific 
definitions; treatment algorithms for diagnosis 
and therapy; and basic science and clinical 
research into etiology and pharmacological 
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therapy have all contributed to a new ‘state of the 
art’. But, how much have we progressed? Was 
Hunner’s description of an ‘elusive ulcer’ a pre-
lude to the current understanding of chronic pel-
vic pain syndromes and the components? We will 
reserve judgment to the reader.

This book builds upon the knowledge base of 
the first edition. New commentary by some of the 
same authors and the addition of younger experts 
gives a balanced view of the field. There is no 
attempt to synthesize a single view of the contro-
versial aspects of bladder pain syndrome, but 
rather we include many opinions and let the read-
ers decide for themselves. Where possible, authors 
highlight the seminal publications that guided 
their thinking. The book concludes with up to date 
guidelines and management suggestions that pro-
vide a quick-reference for healthcare providers.

We would like to thank the authors for their 
expertise and dedication to this project. We want 
to thank the members of the International 
Association for the Study of Bladder Pain 
Syndrome (ESSIC), many of whom contributed 
to this volume, for their dedication directed at 
helping patients suffering from bladder pain 
syndrome. We all owe tremendous gratitude to 
the patients and patient groups that have also 
helped to expand the knowledge base aimed at 
alleviating the terrible symptoms associated 
with BPS and helping to find cures. We hope 
that the next edition planned for 2045 will treat 
bladder pain syndrome and interstitial cystitis as 
recognizable diseases with straightforward 
cures. We take pause to remember Robert Krane, 
M.D., our colleague who was a co-editor of the 
first edition.

P. Hanno et al.
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Historical Perspectives

Jane Meijlink

2.1	 �Bladder Pain Syndrome … 
30 Years Later

Enigmatic painful bladders and mysterious 
“ulcers” in the urinary bladder first appeared in 
medical publications in the early nineteenth 
century. Medical textbooks at the time drew a 
clear distinction between bladder neuralgia and 
bladder ulcers or lesions. However, by the 
beginning of the twentieth century, increasing 
use of the cystoscope may have led surgeons to 
focus on visible pathology, including ulcers and 
lesions, to the neglect of bladder neuralgia with 
invisible causes. Furthermore, Freudian theories 
prevalent at that period claiming women were 
“more prone to neurosis and hysteria” would 
have led to many women with urogenital pain 
being dismissed as psychosomatic and hysteri-
cal. While the original eighteenth to nineteenth 
century term “neurosis” referred to a neurologi-
cal disorder, Freud’s version of neurosis inferred 
a psychological/hysterical disorder as used by 
Walsh in this book. This has regrettably been a 
cause of great harm to women and their health, 
particularly in urogenital fields, and has not 
entirely disappeared today.

In the nineteenth century, as noted by Walsh, 
“interstitial cystitis” was a term used to describe 

a non-specific pathologic condition with inflam-
mation in interstitial tissue caused by many 
diseases, disorders or trauma. The first mention 
of this term (found so far) was by Samuel 
D.  Gross in 1876. In Germany, however, 
Maximilian Nitze was writing about a bladder 
disorder with frequency, pain and inflammatory 
ulceration of the mucosa which he described as 
“cystitis parenchymatosa”, a term which was not 
to survive, but which was, however, used by 
Howard Kelly in 1898 to describe “when inflam-
mation extends into the muscular vesical wall”.

2.2	 �Howard Atwood Kelly 
(1858–1943): Pioneer 
in the Irritable Bladder

The Johns Hopkins Hospital in Baltimore, 
opened in 1889, was a centre of excellence in 
the United States. Howard Kelly, head of the 
new gynaecology and obstetrics department and 
Guy Hunner’s boss, had a special interest in 
female urology and this laid the foundation for 
Guy Hunner’s work with patients with a painful 
bladder. Howard Kelly, who had travelled exten-
sively in Europe, took the Nitze cystoscope back 
to the Johns Hopkins Hospital in Baltimore and 
developed his own air distension version. Kelly 
had an interest in what he termed the irritable 
bladder: “A differential diagnosis must be made 
between cystitis and an irritable bladder or a 
hyperemia of the trigonum. In an ‘irritable 
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bladder’ there is no inflammation and there is no 
pus in the urine, and no inflammatory area is 
seen,” he wrote in 1922. He further noted that 
“the condition is dependent as a rule upon 
abnormal sensibility of the nerves of the bladder 
either at their ending or at some point in their 
course. With this anatomical basis a number of 
conditions bring about the disturbance which 
would not cause it in a healthy adult”. With 
regard to treatment, he recommended that 
“where the central nervous system is involved, 
the treatment should be directed towards this.” 
This was remarkably forward thinking at the 
time, bearing in mind that it is only in recent 
years that researchers have been investigating 
the “new” concept of central sensitization. Like 
others, Kelly had already discovered that “such 
items of diet as tomatoes, fruits, or acids, should 
be avoided when the patient finds that they 
aggravate her condition”.

2.3	 �Guy Leroy Hunner  
(1868–1957): Bladder 
Ulcers and Lesions

When Guy Hunner joined Howard Kelly’s 
department, he consequently had every opportu-
nity to study urological as well as gynaecologi-
cal disorders in women. In 1899, Hunner was 
given leave by Kelly for a 4-month study visit to 
Europe to familiarize himself with the latest 
medical knowledge and insights. Endoscopy was 
now rapidly becoming all the rage in Europe, 
with the cystoscope opening up new horizons in 
urology. Eminent surgeons, including Hurry 
Fenwick in London, had published papers on 
perforating ulcers and simple solitary ulcers of 
unknown cause and this may have caught the 
interest of Guy Hunner. However, Hunner felt 
that most of the ulcers he was seeing differed 
from Fenwick’s simple solitary ulcers. Guy 
Hunner was the first person to publish a detailed 
report about painful bladders and to describe 
what he saw through the cystoscope, case by 
case. Since by 1930 Hunner wrote that he now 

had over 200 patients, he was considered the 
expert in this field in the United States. While he 
concentrated on ulcer and lesion pathology, 
Hunner did not forget patients with pain, urgency 
and frequency in whom the inside of the bladder 
appeared normal. His papers of 1915 and 1918 
were seen as the “guideline” for many decades 
and consulted extensively. This is probably the 
reason why the term Hunner’s ulcer was passed 
down from generation to generation. Hunner 
reported in 1918 that his colleague Dr. Cullen 
had suggested the name “elusive ulcer” due to 
the difficulty in  locating the ulcer part of the 
lesion, but in his own opinion “it fails to describe 
adequately the widespread character of the 
chronic inflammatory involvement of the bladder 
walls.”

Walsh is of the opinion that Hunner’s use of 
the term “ulcer” led people to think that the dis-
ease might be focal. However, Hunner himself 
did not think it was focal but widespread, as we 
have seen above. Hunner also made a clear dis-
tinction in his publications between lesions and 
ulcers. Since his study of more than 200 of these 
patients took place over a period of at least 
20 years, during which time cystoscopes would 
have been continually improving, it is debatable 
whether his belief that he was seeing true ulcers 
was entirely due to poor vision from the cysto-
scope. However, any meaningful comparison 
between Hunner’s time and the situation today is 
always going to be problematic since he worked 
in an era when disease, infection and trauma 
were rife, antibiotics had not yet been invented, 
and women were very prudish and would proba-
bly have waited a very long time before plucking 
up the courage to consult a physician and may 
have concealed some of the more embarrassing 
details.

However, there is little doubt that his widely 
consulted publications did result in generations 
of urologists looking specifically for true ulcers 
and it could also be conjectured that the resultant 
focus on ulcers and lesions may have contributed 
to subsequent neglect of the non-lesion group—
the tic douloureux—for many years.

J. Meijlink
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2.4	 �John R. Hand

A new milestone was achieved in 1949 when 
John R. Hand from the Portland Clinic published 
a detailed, comprehensive study (223 patients: 
204 women, 19 men) and literature review of 
what he now called “interstitial cystitis”, noting 
“I am inclined to agree with Folsom’s pithy com-
ment that when Hunner ‘delivered this child into 
the urologic world he did not name it as well as 
he described it’.” Hand felt that “until a better 
name is found, “interstitial cystitis” is the most 
suitable since it is the only name with sufficient 
latitude to cover a diagnosis of the early as well 
as the late stages of the process.” A year later, 
Seaman writes that the “term “interstitial cysti-
tis” seems to epitomize the pathological picture 
better than the 14 other names by which it has 
been designated and which seem only to confuse 
the issue.” We now therefore see that “interstitial 
cystitis” has moved away from being simply a 
pathology and has become the name of a painful 
bladder disease with “lesions”.

Hand presented a grading system for lesions, 
subdivided into three grades. There was, how-
ever, no mention of “ulcers” and no reference to 
non-lesion painful bladders. He noted that some 
of their patients had now been treated with anti-
bacterial sulfonamides introduced in the 1930s 
and that the new pioneering antibiotic penicillin 
had been tried on three patients.

When performing cystoscopy, Hand recom-
mended that the bladder should be distended, 
emptied and distended a second time in order to 
avoid overlooking the early lesions of interstitial 
cystitis. He noted that on distention small dis-
crete submucosal hemorrhages and dotlike bleed-
ing points could be observed.

While numerous theories had been put for-
ward concerning etiology, Hand was inclined to 
believe that interstitial cystitis is caused by a neu-
rogenic factor. The proliferation of nerve tissue 
mentioned by Hand also caught the attention of 
Walsh.

Hand drew attention to comorbidities in these 
patients, noting that “allergies were more 

common among the patients with interstitial cys-
titis than among those from the general admis-
sion.” He also reported that Fister drew attention 
to the striking similarity of some features of 
interstitial cystitis and Lupus erythematosus.

Like others before him, Hand noted that there 
is a large element of individual variation in these 
patients.

2.5	 �Campbell’s Urology 1978: 
“An Irritable Bladder 
in an Irritable Patient”

Interstitial cystitis received a huge boost in 
awareness when Anthony Walsh was invited to 
write Chap. 19 on Interstitial Cystitis for the 
1978 edition of Campbell’s Urology where he 
famously described “an irritable bladder in an 
irritable patient”. Here too he notes that “the 
synonym ‘Hunner’s Ulcer’ has led many less 
experienced physicians to expect to see an ulcer 
at cystoscopy, and when no ulcer could be 
found, they erroneously failed to diagnose many 
genuine cases.” True ulceration is rarely seen, 
noted Walsh. In recent years, lesion expert 
Magnus Fall has described the Hunner’s Ulcer 
as a “vulnus” or wound seen only upon 
distension.

The tiny, punctate red dots seen after disten-
sion are “an experience that we describe as glo-
merulation”. However, he emphasized that 
glomerulation is not absolutely pathognomonic, 
since it has been seen after distension in patients 
with dyskinesia.

Despite Walsh’s warnings, the term Hunner’s 
ulcer continued to be used and to mislead, while 
glomerulation was adopted as a hallmark of 
interstitial cystitis and incorporated into 
criteria.

Until this point, patients with no lesions were 
considered to have an early stage of the lesion 
disease. However, in 1978 Messing and Stamey 
pointed out that “we have no direct evidence that 
the classic disease will eventually develop in 
patients in the early group”.

2  Historical Perspectives
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This was further reinforced in 1987 when Fall 
et al., describing interstitial cystitis as a hetero-
geneous syndrome, reported that they had 
observed clear differences between lesion and 
non-lesion disease which they considered to be 
two separate conditions and which, they empha-
sized, should be studied separately in clinical 
studies. This advice was unfortunately also 
largely ignored with a mixed bag of patients still 
participating in clinical studies and drug trials, 
rendering all results very questionable for years 
to come.

2.6	 �Interstitial Cystitis 
Association and the NIDDK

A major impulse was the founding of the 
Interstitial Cystitis Association (ICA) in 1984 in 
the United States by Dr. Vicki Ratner, an IC 
patient and orthopaedic surgeon. The ICA’s suc-
cess in sparking the interest of the National 
Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) led to more coordinated 
research, an attempt to define the disease and the 
creation of strict diagnostic criteria for research 
purposes in 1987 at a workshop and later pub-
lished in 1988. However, it was soon clear that 
the criteria needed to be modified since there was 
a risk of 20–40% of patients diagnosed with IC 
now being excluded. The revised criteria were 
published in the 1990 first edition of this book but 
not in a journal, resulting in many physicians 
being unaware of them. The 1987 criteria there-
fore continued to be used extensively worldwide 
including for clinical diagnosis which had never 
been the intention.

The Interstitial Cystitis Data Base (ICDB) 
Study eligibility criteria which were less strin-
gent did not stipulate mandatory cystoscopy for 
participating patients. Consequently, once again 
no distinction was made between patients with or 
without Hunner lesions in studies.

By 1999 it was clear, according to Hanno 
et  al., that strict application of NIDDK criteria 
would have misdiagnosed some 60% of patients 
believed by clinicians to have some form of 

interstitial cystitis, although by this time it was 
starting to become somewhat unclear exactly 
what was meant by interstitial cystitis.

As the new millennium dawned, it was becom-
ing evident that consensus was lacking between 
different parts of the world, with the USA inter-
preting the term IC more freely—to the extent 
that it could by no means be called a rare disease 
in the US—while the rest of the world was still 
following the more restricted interpretation of the 
NIDDK criteria. Whereas the NIDDK had previ-
ously been seen as the IC Oracle of Delphi, 
research was now going global with greatly 
increasing interest in East Asia focusing around 
Japan where the Society of Interstitial Cystitis of 
Japan (SICJ) was set up, followed by an East 
Asian (Japan, South Korea, Taiwan) IC study 
group. An international conference—ICICJ—
organised in Japan in 2003 revealed many of the 
cultural and scientific differences which were 
hindering further progress. Shortly afterwards, a 
European IC scientific meeting was held and 
ESSIC was set up.

2.7	 �Standards and Guidelines

In its 2002 Standardization of Lower Urinary 
Tract Function, the International Continence 
Society (ICS) Standardisation Committee 
reserved the name IC for a specific diagnosis 
based on typical cystoscopic and histological fea-
tures (unfortunately without clearly specifying 
these features), while using “painful bladder syn-
drome (PBS)” for patients with symptoms but no 
identifiable infection or pathology. Since this was 
rather unclear to many people, the name simply 
became IC/PBS or PBS/IC while study or drug 
trial patients continued to be a mixture of both 
lesion and non-lesion.

Sparks were soon to fly when ESSIC published 
Diagnostic Criteria, Classification, and 
Nomenclature for Painful Bladder Syndrome/
Interstitial Cystitis: An ESSIC Proposal, but soon 
decided to abolish the name IC altogether and 
henceforth use the name “bladder pain syn-
drome”, as they announced at an NIDDK 

J. Meijlink
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conference held in 2006. There was an uproar, 
including from the now extensive international IC 
patient movement which had not been consulted 
on any of the name changes. Nobody had taken 
into consideration any potential impact on the 
patients of a name change with respect to licens-
ing issues and reimbursement, or eligibility for 
social security and disability allowances. The new 
name did not go down too well in East Asia either 
where they felt that it excluded patients who felt 
bladder pressure or discomfort but not what the 
patient interpreted as pain. This led to the revival 
of an old ICS term “hypersensitive bladder” in 
East Asia. Hypersensitive bladder symptoms con-
sist of either pain or pressure or discomfort in the 
bladder usually with urinary frequency day and 
night and an urgent need to void. In the East Asian 
IC study group’s Hypersensitive Bladder (HSB) 
concept, HSB and non-lesion IC are hypersensi-
tive bladder disorders while Hunner lesion IC is 
an immuno-inflammatory disease. This study 
group believes that patients should not be treated 
as a single entity simply because they have similar 
symptoms.

Within the space of a decade, a flurry of 
diagnostic and treatment guidelines and 
standardisation documents appeared, none pre-
cisely the same, and some so long and convoluted 
as to be unreadable by the everyday urologist, let 
alone primary care. These included the European 
Association of Urology’s Chronic Pelvic Pain 
Guideline, The American Urological Association 
IC/BPS Guideline, more recently the United 
Kingdom Joint RCOG/BSUG Guideline on 
Management of Bladder Pain Syndrome which 
included a focus on primary care, the ICS 
Standard for Terminology in Chronic Pelvic Pain 
Syndromes, Japanese and East Asian guidelines 
on IC and hypersensitive bladder and the Chronic 
Pelvic Pain Syndromes taxonomy by the 
International Association for the Study of Pain 
(IASP), as well as papers published by the French 
Nantes research group on pelvic visceral 
hypersensitivity.

Despite many articles since 1978 warning that 
glomerulation was not a reliable criterion, no 
further action was taken until the publication of a 

review paper by Wennevik et  al. on the role of 
glomerulations in bladder pain syndrome. This 
concluded that there is no convincing evidence in 
the reviewed literature that glomerulations should 
be included in the diagnosis or phenotyping of 
bladder pain syndrome/interstitial cystitis and 
that glomerulations do not correlate with symp-
toms and are found in patients without bladder 
pain syndrome/interstitial cystitis. However, the 
East Asian IC study group announced that it 
would be continuing to record which patients 
develop what they term “mucosal bleeding after 
distension” (MBAD), but point out in their 2015 
guideline update that MBAD and glomerulations 
are not identical. MBAD is bleeding from the 
bladder mucosa during drainage, while glomeru-
lations are pinpoint haemorrhagic lesions or 
petechiae.

2.8	 �NIDDK MAPP Research 
Network

In 2008, the NIDDK, uncomfortably aware that 
expensive research in the past had produced no 
benefits for the patients, now opted for a differ-
ent, wider approach when it launched its 
Multidisciplinary Approach to the Study of 
Chronic Pelvic Pain (MAPP) research network 
project, aimed at gaining a better understanding 
of both interstitial cystitis/ bladder pain syn-
drome (IC/BPS) and chronic prostatitis/chronic 
pelvic pain syndrome (CP/CPPS), now embrac-
ing a systemic—or whole-body—approach, 
investigating potential relationships between 
these conditions and other chronic conditions 
that are sometimes seen in IC/BPS and CP/CPPS 
patients, such as irritable bowel syndrome, fibro-
myalgia, and chronic fatigue syndrome. However, 
in phase I the MAPP research also failed to draw 
a distinction in its studies between lesion and 
non-lesion. This was remedied in phase II.  A 
prominent role is now being played by research 
into phenotyping with the aim of sorting out the 
patients, currently bundled together. One aim is 
ultimately to find the most appropriate treatment 
for each subtype.

2  Historical Perspectives
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2.9	 �Ketamine Cystitis

The development in recent years of bladder 
pain, urgency and frequency often combined 
with very severe lesions in street ketamine users 
has led to ongoing research worldwide into this 
phenomenon. This is being closely followed by 
the IC/BPS world in the hope that it may gener-
ate new insights into lesions and shed light on 
why some users develop ketamine cystitis while 
others do not.

2.10	 �Basis for Research 
Is Consensus

The basis for meaningful research must be inter-
national consensus on nomenclature, definitions 
and criteria, while allowing for flexibility for 
clinical purposes, with all stakeholders involved 
including patient organisations since they are an 
invaluable source of knowledge about the full 
spectrum of patients and the impact in practical 
terms. [TAU] This consensus must therefore be 
an important goal.

2.11	 �Awareness and Information

Thanks to the drive by both medical societies and 
patient organisations there is now more aware-
ness of not only IC/BPS and its comorbidities, 
but also of the sexual, social and emotional 
impact of the disease on the patient. Many books 
have been published for both patients and the 
medical world while the advent of the Internet 
has opened up a vast store of electronic informa-
tion that Walsh could never have envisaged.

However, with urology societies tending to 
focus increasingly on oncology and male prob-
lems, it is essential to get more information and 
guidance out to (uro)gynaecologists. Today, 
with all physicians faced with less time and 
more patients, guidelines must be succinct and 
freely accessible online for quick and easy ref-
erence and importantly include information for 
primary care. Urologists and urogynaecologists 
also need more information about comorbidities 

so as to know when and to whom to refer their 
IC/BPS patients. A multidisciplinary approach 
is crucial for patients with IC/BPS and 
comorbidities.

2.12	 �Treatment: Right Treatment 
for Right Patient

Since Hunner’s time, every imaginable treatment 
has been tried, many based on different theories. 
It has been estimated that over 180 treatments 
have been tried so far, a clear indication that 
something is very wrong. Everything works in a 
few patients, nothing is effective in all. Treatment 
is therefore highly individual.

Lesions are proving easier to treat than non-
lesion bladders so these must be diagnosed at the 
earliest possible stage. To facilitate this, a com-
prehensive atlas of lesions would be of great 
value.

It is the large group of non-lesion IC/BPS 
patients which now urgently needs phenotyping 
so as to find the right treatment for the right 
patient at the earliest possible stage.

Above it, it should be remembered that a blad-
der disease like IC/BPS with pain, urgency and 
frequency can turn a normal person into an 
anxious, stressed, depressed recluse. Therefore, 
as Guy Hunner was fully aware, an important 
part of treatment for all patients is empathy and 
understanding.
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Abbreviations

ACA	 Affordable Care Act
CP/CPPS	 Chronic prostatitis/Chronic pelvic 

pain syndrome
FDA	 US Food and Drug Administration
Medicaid	 A US Public Program that pro-

vides health insurance to the poor. 
this program is both Federal and 
State run

Medicare	 The Public US Health Insurance 
Institution providing medical care 
to the elderly, disabled, end stage 
renal disease patients, and selected 
dependent groups

NIDDK	 National Institute of Diabetes and 
Digestive Diseases and Kidney 
Diseases (NIDDK)

NIH	 National Institutes of Health 
(there are 27 institutes)

ObamaCare	 Another Name for the Affordable 
Care Act

QoL	 Quality of life
RAND	 Research and Development; A 

Private American Research 
Institution

3.1	 �Introduction

In 1987, Held, Hanno, Wein, Pauly, and Cahn 
(hereafter Held-Hanno) conducted an epidemio-
logic study of Interstitial Cystitis (IC) a rare proj-
ect at the time. (Later published in 1990). The 
study was to a great extent a response to the rele-
vant clinical experiences of Dr. Hanno, a University 
of Pennsylvania urologist who had had many 
interactions with Dr. Vicki Ratner, an orthopedic 
surgeon and IC patient, who had experienced a life 
changing prolonged terrible experience with this 
chronic disease. Consequently Dr. Ratner had 
become politically and media active, which lead to 
a brief, 3-h Sunday afternoon workshop at the sug-
gestion of the NIH. This gathering financed and 
lead by Dr. Alan Wein, chair of Urology at Penn, 
brought in an economist, Dr. Held, who had a pro-
pensity to see the research world through empirical 
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data collection and analysis where his focus had 
been on end stage renal disease. Some time prior 
to this meeting, the NIH had requested eight noted 
urologists to write a short memo answering the 
question: what do you know about IC? Held’s 
response on reading these memos was: these dis-
tinguished urologists do not agree on anything and 
besides no one has any data. That was the birth of 
this $35,000 study (Held-Hanno) funded by two 
small grants from the Urban Institute and NIDDK 
of the NIH.

This study (Held-Hanno) sparked many 
changes in the knowledge, research focus, and 
perception of IC/BPS. One of the first major find-
ings was IC/BPS was not, as had been reported in 
a basic urology text book:

“…a rare psychosomatic disorder which ‘may 
represent the end stage of a bladder that has been 
made irritable by emotional disturbances...a 
pathway for the discharge of unconscious 
hatred.’” (Urology, [1])

Prevalence was shown by the Held-Hanno 
study to be at least twice the rate previously 
reported by one of the few widely cited and repu-
table papers on the topic [2] which focused on one 
city in Finland. (Curiously a recent review of 
Oravisto’s paper revealed that his study was based 
on a review of hospital records, which would 
likely have biased any measurements of preva-
lence to the low side).

Thirty years have passed since the publica-
tion of the Held-Hanno study. This short paper 
is intended to be a look back and look forward 
of what the substantial research on Interstitial 
Cystitis/ Bladder Pain Syndrome has deter-
mined. A quick assessment of the past thirty 
years research leads to one very strong 
conclusion:

Despite years of effort and millions of dollars 
of research, the status of things in the words of 
Persu et al. [3]:

…because the pathological processes underlying 
the condition are not yet elucidated, biological 
markers of the condition are not yet available, and 
the type and severity of symptoms can vary, so, 
clearly defining the condition is not yet 
possible…

This does not mean that the research was not 
worthwhile or that more research would be ill 
advised. In fact, quite the contrary, the problems 
are now known to be even larger, more demand-
ing, and yes, still unanswered.

A tremendous amount of good epidemiologic 
research has been conducted and reported, from 
which two observations stand out:

	1.	 All prevalence indicators show that whatever 
this IC/BPS is, it is not a rare disease and most 
likely is a chronic aliment that affects millions 
of Americans of both sexes but more domi-
nantly women. Based on the research, IC/BPS 
is a very large public health problem that bur-
dens many patients and deserves the research 
money focused on this chronic disease.

	2.	 Apparently, epidemiologists think their pro-
fessional duties do not merit or allow focusing 
on the economic implications of IC/BPS. Most 
of the epidemiology reported in this past 
period (1987–2017) did not even touch the 
economic issues while a few made a minor 
feint in that direction. Perhaps NIH, which 
funded most of these research projects, gave 
direct or subtle signals that economics was not 
of interest. But one should remember that the 
NIH is part of the US Public Health Service. 
In America today, it is hard to conceive, that 
projects doing research focused on such a 
costly heavy burdened disease did not think 
the cost, access to care, or the value of care did 
not merit more attention. We discuss econom-
ics and IC/BPS below at some length.

Perhaps the NIH has suggested that somehow 
economics of health care is not fitting to the purs-
ing of the basics of health care in America. Some 
of this thinking points to presuming that Medicare, 
which has one of the largest budgets in the Federal 
Government (2016: $524B/year) should pay for 
health care while NIH ($31B) focuses exclusively 
on basic science. But Medicare’s primary mission 
is to pay bills for medical care that hopefully NIH, 
via its focused research efforts, assures the public 
is efficient and good medical practice.

P.J. Held et al.
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3.2	 �What Did This Early Study 
Tell Us? Has It Held Up Over 
Time?

Shown on the left side of Table 3.1 are ten points that 
capture the major findings of the 1987–1990 Held-
Hanno study. The right side of Table 3.1 provides an 
answer yes or no whether the interim research has 
supported the original research and some brief notes 
on the interim research from this period.

Items 1 & 2. Prevalence, a central issue for 
study of any disease. Held-Hanno showed that 
the original study provided prevalence estimates 
that were far larger than the Finnish study. And 
clearly the right side of Table 3.1 indicates that 
practically all studies since have shown that 
prevalence is much higher than expected 
whether you use the baseline of Oravisto or 
Held-Hanno. As shown below (item 2), there 

was this ambiguity that occurred with the patient 
who experienced painful bladder and sterile 
urine but for whom there was no diagnosis of 
IC. So over this interim of 30 years, the evolu-
tion of thinking and classification of this disease 
resulted in combining the two notions into one 
IC/BPS.

But the right side of item 1 in Table 3.1 also 
identifies a major problem that has evolved from 
research and treatment of IC/BPS: there is con-
siderable variance in these estimates especially if 
one includes the symptom studies. (e.g. Berry 
et  all suggest there may be up to 7.9 million 
women in the US suffering from IC/S although 
only 10% have been given the diagnosis).

Items 3 & 4. While occurring in all ages, typi-
cally this disease occurs in middle age and the

“natural history of symptoms of IC … to be that 
of a sub acute onset with a rapid peak in severity, 

Table 3.1  Interstitial cystitis/painful bladder syndrome: major findings of an early study (1987–1990) compared with 
current estimates

Major findings from Held-Hanno 1987–1990a Supported by subsequent research

1 43,500–90,000 diagnosed cases of IC in the 
USA (Almost twice the Finish (Oravisto) 
estimate of 18 vs. Held et al. of 30/100,000 
women)

Yes. All modern US estimates are higher than Held et al. 
including some as high as 7.9 M women.b Evolution of 
Nomenclature brought both IC and Bladder Pain 
Syndrome into one and the same disease: IC/BPS

2 Up to a fivefold increase in IC prevalence if all 
patients with painful bladder, sterile urine had 
been given the diagnosis, yielding up to half 
million possible cases in the USA

Yes; Definition has evolved to IC/BPS

3 Median age of onset: 40 years Yes. E.g. Rand study: 45 years

4 Late deterioration in symptoms unusual Yes

5 Ten times higher incidence of childhood bladder 
problems in IC patients vs. controls

Yes

6 Two times the incidence of a history of urinary 
tract infection vs. controls

Yes

7 Lower quality of life (QoL) than dialysis 
patients; Dyspareunia common.

Yes. All subsequent studies report low quality of life 
however using other comparison measures. E.g. “Lower in 
vitality and mental health”. “IC had significantly lower 
QoL scores in four of the seven quality of life 
dimensions”b

8 Medical treatment cost: $13.9K/patient/yr.  
Lost economic production:  $15.2K/patient/yr. 
(2017 prices)

Yes; but cursory at best Using Jones & Nyberg prevalence 
of 500/100K population: $47B total economic cost/yr

9 Treatments Frequently Ineffective Yes. Still the case; Two treatments that sometimes help: 
pelvic floor physical therapy; diet modification

10 Unable to work outside the home Yes, but comparison group not given
aHanno [4]
bBerry et al. Symptom measure; women over 18 years; K=1,000, B=billion

3  The Epidemiology of Interstitial Cystitis/Bladder Pain Syndrome (IC/BPS): How Good Was a Prior Study
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and then a relatively constant plateau of chronic 
symptoms thereafter. However, many patients do 
experience …remissions and flares in their dis-
ease symptoms.” [5]

Item 7. Quality of Life (QoL) The Held-
Hanno study clearly showed that quality of life of 
IC/BPS patients was low and to make the mea-
surement clear used a comparison group of 
patients living with chronic dialysis. All the sub-
sequent studies, which addressed QoL, found 
much the same but provided comparisons that 
were not so obvious to benchmark.

Item 8. Costs were reported in many dimen-
sions in the original study including estimates of 
medical care use (physician visits, hospital stays, 
insurance coverage and the like). Other cost mea-
sures included lost economic production attrib-
uted to IC/BPS because of lower labor force 
participation and lower wages when working in 
the labor force. Using the prevalence estimates of 
Jones and Nyberg (500/100,000 population) a 
projection of $47 billion economic cost per year 
including both medical care cost and lost eco-
nomic production. However the studies in the 
interim had at best a weak focus on economics. In 
a section below we discuss at some length the 
significance of this omission.

Item 9. Treatments were frequently ineffective 
in the Held et al. study. And probably one of the 
most depressing news of this research arena is that 
the situation has not changed much since 1990. It 
is really depressing to report that there has been 
little progress in treating this chronic disease.

It has been 39 years since DMSO became the 
only FDA approved intravesical therapy for 
“interstitial cystitis”, and 21 years since pentosan 
polysulfate became the only orally approved 
medication for this condition. While many newer 
therapies seem to have some benefit (neuromodu-
lation, botulinum toxin, cyclosporine), none have 
made the threshold of FDA approval for this con-
dition, and the vast majority of therapies are off-
label. Perhaps the biggest advance has been in the 
use of pelvic floor physical therapy as a staple of 
a conservative treatment approach.

Item 10. Other important measures like the 
ability to hold employment were captured by Held-
Hanno and importantly had comparison groups 
that were easy to interpret. Basically these IC/BPS 

patients are frequently out of the work force 
because of their disease. Unfortunately, the interim 
studies did not pursue these questions very well.

Overall the Held–Hanno study of 1990 per-
formed remarkably well. Virtually all of the basic 
findings reported in 1990 have been confirmed 
and amplified in many cases in the following 
30 years. Perhaps the only major issue that was 
not pursued in the early period, which came out 
of the subsequent studies, was the epidemiology 
of males with IC/BPS.

3.3	 �Prevalence of IC/BPS

Prevalence, usually expressed as # cases/population, 
 is one of the most fundamental measurements of 
epidemiology. How many cases have this disease 
or this condition? Estimating the prevalence is an 
extremely important research component in 
understanding and coping with the IC/BPS medi-
cal condition. Prevalence indicates just how “big” 
a medical problem is as well as providing an indi-
cation of how the disease incidence (new cases 
per unit of time) and prevalence is changing. 
In  the case of IC/BPS, Orivisto’s 1975 study is 
generally considered an “original” if for no other 
reason than it was an early report. The study was 
based on a thorough examination of hospital 
records in one city in Finland in which was 
believed that all cases had a high likelihood of 
being counted. Four particular aspects of Oravisto 
estimates should be noted:

	1.	 The cases were “determined” to be interstitial 
cystitis (IC);

	2.	 Were diagnosed by a physician;
	3.	 Were measured per population estimates of 

women.
	4.	 Were based on a review of hospital records.

Subsequent work sometimes does and some-
times does not make these distinctions.

Prevalence estimate are important because:

	1.	 The magnitude of the problem, in even the 
simplest terms, can be determined: e.g. “More 
than 1.2 million people in the US are living 
with HIV.” But more quantitatively, prevalence 

P.J. Held et al.
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is the starting point for almost all policy ques-
tions. If you doubt this speak sometime to the 
physicians and patients involved in what are 
considered “rare diseases”.

	2.	 When combined with some measure of the cost 
of treatment (e.g. medical expenditures per 
patient per year) of a disease, it provides policy 
and decision makers with considerable infor-
mation in determining priorities in allocation of 
research moneys. Or look into the pharmaceu-
tical industry as they decide on putting a few 
billion dollars investment for a new product. 
Do you think they do not take seriously preva-
lence estimates? Not a total picture by any 
means but part of the picture. See below which 
discusses this topic in more detail.

	3.	 As shown in Table 3.2, the National Institute of 
Diabetes, Digestive and Kidney Diseases 
(NIDDK one of 27 institutes and centers that 
make up the NIH) in 2016 spent almost 1.6 bil-
lion dollars ($1,563,393,000) on extramural 
research (about 86% of the total NIDDK budget 
of $1.9B). Just over a quarter (28%) of the extra-
mural budget of NIDDK was spent on research 
focused on kidney, urological and hematological 
diseases. What fraction went to urological dis-
eases including IC/BPS was not available.

The NIH/NIDDK decision process is clearly 
not a transparent function but one does not have to 
be a political genius to suppose that the social cost 
(money, quality of life, loss of life) of a disease 

plays a role in making decisions where to allocate 
extramural research funds. For example, in the 
case of renal failure, Medicare (the public institu-
tion in the US that “insures” the elderly, disabled 
and other categories of Americans) pays most of 
the bills for all dialysis and transplants regardless 
of age. But NIDDK puts a lot of research resources 
into the study of renal disease including end stage 
because it is very expensive in addition to being 
the cause of a lot of potentially preventable deaths. 
Politics plays a role too. Just look at the funding 
that went into the battles to treat AIDS.

3.3.1	 �What the Held-Hanno 
and Subsequent Studies  
Tell US About Prevalence 
of IC/BPS

Essentially, the older study and most all US 
studies since confirm that IC/BPS is a serious 
health problem facing America. And given that 
the medical world has few helpful treatments, it 
is even a bigger problem than most. When there 
is medical technology (e.g. pharmaceuticals) and 
the problem might be financial access, the solu-
tion may be simple at least conceptually i.e. find 
the financing to fix the problem. (Interestingly 
the Konkle et al. [6] study gives a passing indica-
tion that a non-trivial number of the patients in 
the RAND study did not have health insurance).

Table 3.3 provides an overview of the preva-
lence findings of the Held-Hanno study and the 
subsequent research following in the period 
1990–2016. Jones and Nyberg [5] suggest there 
are 1.1 million persons in the US with IC/
BPS. Given that their study was based on a well-
researched and respected data source (National 
Health Interview Survey), their estimates should 
be given additional credence. Suskin et al. 2013, 
a reasonably recent study, suggests that there are 
2.1 M men with IC/BPS although they note that 
many of these cases may be currently diagnosed 
as having chronic pelvic pain syndrome/nonbac-
terial prostatitis.

Leppilahti et  al. (2002–2005) used the 
O’Leary-Sant interstitial cystitis symptom and 
problem index (never validated for making a diag-
nosis per se) to select women with IC symptoms 

Table 3.2  National Institutes of Health

National Institute of Diabetes and Digestive Diseases 
and Kidney Diseases (NIDDK)

Extramural Research 2016 Fiscal Year %

Diabetes, Endocrinology 
and Metabolic Diseases

$641,483,000 41

Digestive Diseases and 
Nutrition

$482,533,000 31

Kidney Urologic and 
Hematologic Diseases

$439,377,000 28

Subtotal, Extramural 
Research

$1,563,393,000 100

https://www.niddk.nih.gov/about-niddk/budget-legislative-
information/Documents/National-Institute-of-Diabetes-
and-Digestive-and-Kidney-Diseases-Fiscal-Year-2017-
Budget_%20508.pdf. Total NIDDK budget is $1.82B
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from the Finnish population register. Of 1331 
respondents, 32 had moderate or severe symptoms 
involving a suspicion of BPS/IC (symptom score 
7 or higher). Of 21 who consented to clinical 
evaluation, 7 had probable or possible IC/
BPS. Corrected estimates yielded a prevalence of 
300 per 100,000 women [10, 11]. Similar studies 
without clinical confirmation suggested preva-
lence in Austrian women of 306/100,000 [12] and 
in Japanese women of 265/100,000 [13].

The highest and most recent prevalence esti-
mates come from Berry et al. [14] which suggests 
an estimate of up to 7.9 million women over the 
age of 18 have symptoms consistent with IC/
BPS. It is important to note that this estimate is 
based on symptoms not diagnoses. Berry et  al. 
[14] also suggest that almost 10% of their preva-
lent symptom sample report a diagnosis of IC/
BPS which translates to 320,000 to 760,000 
women in the US.

Jones and Nyberg [5]:

…It is unclear the extent to which these estimates 
represent true differences in prevalence, rather 
than reflect the different methods used to define 
an IC case…

The evolution over the years of combining IC 
with BPS would be consistent with the Jones 
Nyberg [5] observation. The original Held-Hanno 

study reported similar results. It was reported, 
and somewhat of a surprise, that board certified 
urologists consistently reported that the number 
of patients with painful bladders and sterile urine 
far outnumbered the cases they had diagnosed as 
IC (Table 3.1, item 2 above).

Jones and Nyberg [5] continued with:

…All studies of adults show a marked female 
predominance…

Held-Hanno did not report on many cases of 
males, which suggests that the ratio reported by 
Oravisto of 10/1 female to male was generally 
consistent with this later study by Held-Hanno. 
However in the interim since this earlier Held-
Hanno study, the Suskin et al. [9] report very large 
numbers of males with possible IC/BPS.  But 
Suskin et al.’s estimates are likely to have included 
chronic prostatitis/chronic pelvic pain syndrome 
(CP/CPPS). In conclusion, the predominance of 
females in diagnosed IC/BPS may or may not be 
true as the research is ambiguous.

Basically many men have symptoms of BPS but 
have been diagnosed with CPPS, it is likely that 
anyone with symptoms of BPS has it if there is not 
a confusable disorder, and CPPS is not a confusable 
disorder being that it is a symptom complex itself. 
Granted they may overlap, but if you have BPS 
symptoms that meet the definition, you have BPS.

Table 3.3  Prevalence of BPS/IC: 1990 vs. 2016 (rate per 100,000 population shown in bold)

Prevalence
Characteristics from 
Held-Hanno [7] Current research/beliefs Comment

Diagnosis based 2× Higher than Oravisto; 
90,000 females, 30/

All studies confirm that 
prevalence in US is much 
higher than Oravisto rate

All recent studies suggest 
this is a large public health 
problem

E.G. Others:

Jones, Nyberg [5]  500/     ~ 1.1 million

Clemens [8]  197/     ~ 0.5 M

Suskin [9]       ~ 2.1 M Men

Oleary Sant  100 to 300    228–680 K

Symptom based Berry et al.    2700
Only 10% confirmed IC/
BPS diagnosis

Berry suggests/3.3 To 
7.9 M women
>18 years of age with 
symptoms.
320–766 K with diagnosis 
of IC/BPS

Female to male ratio Similar to Oravisto, 10/1 Maybe 5/1 or even more 
men than women, especially 
for symptom basis

Suskin: male cases likely 
include chronic prostatitis 
symptom (CPS)

P.J. Held et al.
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In conclusion, the Held-Hanno study certainly 
moved the ball off the tee as far as challenging 
the Oravisto estimate of prevalence. It is abun-
dantly clear that both men and women report 
very high levels of IC/BPS symptoms compared 
to the Oravisto diagnosis rates. IC/BPS is no lon-
ger considered an extremely rare condition but 
the precise level of prevalence still has substan-
tial variance. For research purposes however, it 
seems clear that more studies of prevalence are 
not warranted if the question is whether IC/BPS 
is a major public health problem. The answer is 
unquestionably yes.

3.3.2	 �How Well Did the Held-Hanno 
Paper Score on Prevalence?

The paper performed a service in opening up the 
discussions and research to the notion that IC/
BPS was significantly under counted and diag-
nosed. The Held-Hanno finding that there were 
5× as many PBS cases for each diagnosed IC 
patient was a real contribution. The Held-Hanno 
paper opened the doors to the notion that there 
were many, both women and men, with chronic 
painful non-bacterial bladder problems.

3.4	 �The Missing Case 
of Economics 
and Epidemiology

As has been argued above in Section I, measure-
ment of economic parameters in the epidemiol-
ogy of IC/BPS was a major contribution of the 
Held-Hanno paper of 1990. Correspondingly the 
absence of most any economics in the epidemiol-
ogy since 1987 is a serious omission.

In Table 3.4 we lay out the case for measuring 
economic parameters in the study of IC/BPS. We 
make two general distinctions for including eco-
nomics in the study or IC/BPS.

The first is the well recognized agenda of 
medical care use as measured by doctor visits, 
hospital stays, and pharmaceutics. There are of 
course other important resource use indicators 
that should be part of the overall picture of the 
treatment of IC/BPS such as nursing home, inter-

mediate care facilities, durable medical goods 
and the like but the notion is clear that medical 
care finance is a major part of the care of the 
patient, the magnitude of the problem (combined 
with prevalence) and the priorities for funding 
research. Given the general ignorance level of 
basic science of IC/BPS as well as the clinical 
unknowns, the basic message for societal research 
objective is that this is a large public health prob-
lem deserving attention. Economics refines the 
discussion and quantifies the social message of 
treating, diagnosing, improving the patients’ 
quality of life, and even curing the condition.

IC/BPS being a chronic painful disease with 
social integration problems (e.g. frequent void-
ing) is likely to produce labor force participation 
issues which lead to all sorts of other economic 
consequences including disability under the 
Social Security program and likely related medi-
cal insurance issues. Does the IC/BPS patient 
receive federal or state Disability benefits? This 
clearly represents a major quality of life issue 
besides pointing to the issues of who pays for this 
safety net, how prolonged, and how does recov-
ery fit into this picture? (NIH is usually consid-
ered the relevant institution in researching IC/

Table 3.4  Most US Epidemiology Studies of IC/PBS in 
the past 30 years have had a very light focus on econom-
ics: a serious omission

A. �Conventional & Routine $ Measures  
(e.g. Doctors, Hospital, Drugs, Insurance)

 � 1. � Combined with prevalence helps determine the 
social burden of IC/PBS

 � 2. � A vital element to the setting of medical 
research priorities: to NIH; pharmaceutical 
companies; medical insurance

 � 3. � Employment impediments are part of social 
cost and Quality of Life

 � 4. � Disability payments tell a lot about patient well 
being & social cost

 � 5. � Access & Impediments to Medical Care vital to 
patient well being

 � 6. � Cost history might invoke pre-existing 
conditions issues with health insurance

B. �Recent Research Advances Can Help 
to Determine Not only Cost but Value 
of Treatments and Cures

 � 1.  Imagine a measure of the social cost of IC/BPS

 � 2. � Imagine what a signal as to what a cure is 
worth

3  The Epidemiology of Interstitial Cystitis/Bladder Pain Syndrome (IC/BPS): How Good Was a Prior Study
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BPS but if a substantial number of the patients 
with IC/BPS are receiving Disability benefits and 
corresponding Medicare insurance (not necessar-
ily Medicare due to age) then Medicare may also 
be responsible for research in this arena. 
(Medicare plus 3 other public insurance pro-
grams (Medicaid, Children’s Insurance, 
Affordable Care Act), represent approximately 
25% of the total federal (2017) budget which 
combined with Social Security constitute over 
50% of the Federal budget. As something of a 
control group consider that defense spending rep-
resents approximately 17%).

A large and constant public health issue in the 
US today (and for at least 50 years past) is health 
insurance: how accessible is it and for whom? How 
complete? What does it cost? Who pays? It is not 
that every epidemiology study of IC/BPS has to be 
an economic portrait of an IC/BPS patient, but 
there are some core areas of research that indicate 
much about the social burden of this disease. For 
example, Suskind et al. have an appendix, which 
has a few demographic and economic indicators:

The reported household income (2013) of 
Suskind’s sample appears to be about $53,000 
per year, which is just about the national average 
for that year. (https://www.google.com/webhp?s
ourceid=chromeinstant&rlz=1C5CHFA_enUS5
03US590&ion=1&espv=2&ie=UTF8#q=averag
e+us+household+income+2013&).

Held-Hanno had a similar finding in their 
study for 1990.

In addition the Suskind sample has only 6.2% 
reporting that they did not have a high school 
degree when the US national average is approxi-
mately 12%. Both of these measures (household 
income and educational achievement) would sug-
gest that IC/BPS is not a disease overly repre-
sented by the poor of America in contrast to a 
disease like diabetes or end stage renal disease.

However, these findings of typical household 
income levels raise all sorts of questions. At first 
glance typical household income would suggest 
these patients with IC/BPS may have more access 
to medical care than do the poor. This could be an 
explanation of possibly measured lower rates of 
IC/BPS among the poor rather than genuine bio-
logical true differences of IC/BPS. In other words 

measured rates of IC/BPS may depend on access 
to the medical system, which is why the recent 
epidemiology studies would have benefited by an 
economic component. Of course the epidemiolo-
gists are aware of such possible non-response 
bias and presumably took appropriate counter-
measures. Whatever, it would be reassuring if the 
medical insurance status were measured. 
Similarly to the issue of household income and 
IC/BPS among the poor Suskind et al.’s appendix 
data suggest that Blacks (African American) are 
also underrepresented in their sampled popula-
tion, again agreeing with the Held-Hanno study.

Curiously, Suskind et  al. report that 38% of 
their sample (presumably males) were employed 
in the last month. While not an exact comparable 
statistic, the US Census reports that 70% of non 
institutionalized men in 2013 were employed 
(https://www.bls.gov/cps/aa2013/cpsaat02.pdf).

These men with IC/BPS have poor labor force 
participation which Held-Hanno reported for 
women in their 1990 study i.e. IC led many 
women to withdraw from the workforce because 
of their disease. Not only is this a serious eco-
nomic/quality of life issue in itself, but also leads 
to another non-trivial issue of access to health 
insurance discussed above with regards to possi-
ble measurement bias of IC/BPS.  The largest 
single source of health insurance in the US is 
employer group health insurance. For example 
over 70% of the non-elderly employed US popu-
lation obtain their health insurance through an 
employer sponsored health insurance plan. While 
Medicaid (the US health insurance program for 
the poor) may cover 20% of the total, there is a 
non-trivial number of Americans who are basi-
cally without health insurance or have to pur-
chase insurance on the “individual market” 
including those insured under the Affordable 
Care Act (Obamacare). So the issue of possible 
low employment in the labor force and the resul-
tant conditions of obtaining health insurance has 
at least two implications for research focused on 
patients with IC/BPS:

	1.	 Access to health insurance is likely reduced 
for these patients in this expensive American 
medical market compared to what patients 
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might consume if access was not an impedi-
ment. So researchers need to be focused on 
the issue of non-response bias if the counting 
of cases and diagnoses (prevalence) and sub-
sequent outcomes start with access to medical 
care like physician visits. (A good question 
for Jones and Nyberg [5] is what did they do 
about possible non-response bias in their 
study based on the Health Interview Study?)

	2.	 It may be a stretch given that currently many IC/
BPS patients may not be diagnosed or treated. 
However if treatment and access to medical care 
are truly improved in the future for patients with 
IC/BPS, the chronic nature of this disease 
should alert the research community about 
“pre-existing conditions”. This issue is in our 
news sources every day and is central to the 
design of any health insurance plan (both public 
and private), particularly in the individual mar-
ket where persons outside the work force fre-
quently find themselves. Briefly, if a patient’s 
profile or history suggests they may present 
“high financial risk to the insurance plan, the 
incentive is there to not insure this person at or 
at least not at average premium rates. Think of 
auto insurance for young male drivers. They are 
a sure case of higher financial risk to insure 
which is why they are charged higher premi-
ums. If an auto insurance company did not 
charge higher premiums for these high-risk 
drivers, the insurance company would lose cli-
ents of all ages as their premiums rise as a con-
sequence of the high risk young males. The 
reason for concern for IC/BPS patients is that 
they may someday be identified as “high risk” 
and may have trouble buying health insurance.

While recent history with the issue has gained 
wide understanding in the body politic and pas-
sage of laws to prevent such conditions affecting 
insurance access, recent research focusing on 
Multiple Sclerosis (MS) patients, for example, 
has shown that insurance plans sometimes act on 
these adverse financial incentives in spite of the 
laws preventing such. (See [15]). There is one 
condition that may point in the treatment of 
patients with IC/BPS that would suggest these 
concerns about pre-existing conditions are over 

blown. Held-Hanno showed that IC/BPS patients 
may not be heavy users of inpatient hospital care, 
the widely recognized big driver of medical care 
cost. But this discussion is another indicator of 
information loss in the recent epidemiological 
studies ignoring all economic issues.

3.4.1	 �Determining Value 
of a Medical Intervention

Item B in Table  3.4 points to a very important 
new development in Health Services Research. 
Held, McCormick, Ojo, and Roberts published a 
paper in 2016  in the leading transplant journal 
(American Journal of Transplantation), which 
developed and applied new techniques to esti-
mate the value of medical interventions and 
medical care. In this case they focused on the 
benefits and value of kidney transplantation and 
showed, for example, that the net societal value 
of a kidney transplant, after lifetime costs of 
$0.6  M, was approximately $1.9  M.  The break 
through in this paper was the focus on value. 
Medical cost have been measured and published 
for some time. But putting value on medical 
interventions is relatively new and has many 
implications in allocating research funds, in sig-
nals to pharmaceutical industry, and in general 
deciding what the social injury of a medical prob-
lem is. The abstract of this Held and McCormick 
et al. paper is included in an Appendix. The entire 
paper can be downloaded free at: http://onlineli-
brary.wiley.com/doi/10.1111/ajt.13490/full

The treatment of IC/BPS is certainly a long 
way off from the success of kidney transplanta-
tion. But this notion of estimating the value of 
treating a disease such as IC/BPS is certainly 
not impossible given the correct research objec-
tives. For example, even under current condi-
tions of poor treatment outcomes, if one were to 
measure the loss in the quality of life, the cost of 
current treatment methods one could reasonably 
estimate the social loss (negative value) that is 
borne by an IC/BPS patient. To estimate the 
total social value one would need estimates of 
prevalence, which we showed above to have 
considerable variance, but conservative esti-
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mates could be used to derive reasonable lower 
bound estimates. The result would be a quanti-
fied estimate of the total social burden of this 
disease. Such an estimate would be helpful in 
the debates for more research resources as 
shown above in Table 3.2.

�Conclusion

This review of the comparisons and conclu-
sions of the Held-Hanno [7] paper when com-
pared to the IC/BPS research in the interim 
shows a very high success rate. The Held-
Hanno paper established a number of hypoth-
eses and observations that were subsequently 
confirmed by years and millions of dollars of 
research. The primary conclusions which 
were sparked by this earlier paper and have 
been supported by subsequent research 
include IC/BPS is:

	1.	 A chronic major public health problem which 
is debilitating and frequently extremely pain-
ful with considerable degradations in the qual-
ity and functioning of life.

	2.	 A disease whose treatment is frequently, if not 
generally unsuccessful if the goal is establish-
ing a normal quality of life. This is the case in 
spite of tremendous investments of time and 
scarce resources. More is needed.

	3.	 While the prevalence estimates have consider-
able variance IC/BPS is by no means a rare 
disease and likely include millions of 
Americans of both sexes.

	4.	 Practically all the demographic measures of 
the IC/BPS patients originally reported by 
Held-Hanno, have been confirmed by the sub-
sequent research of the last 30 years.

The socioeconomic issues laid out by Held-
Hanno have not been researched by most all of 
the US epidemiological studies conducted in 
the last 30  years. This is most unfortunate 
since these issues are very important in deter-
mining vital issues in the treatment of this dis-
ease but particularly in the important task of 
providing a more complete picture of the 
social burden of this disease.

�Appendix. A Cost-Benefit Analysis 
of Government Compensation 
of Kidney Donors*

P.  J. Held, F.  McCormick, A.  Ojo, and J.  P. 
Roberts

Abstract
From 5000 to 10,000 kidney patients die pre-

maturely in the United States each year, and about 
100,000 more suffer the debilitating effects of 
dialysis, because of a shortage of transplant kid-
neys. To reduce this shortage, many advocate hav-
ing the government compensate kidney donors. 
This paper presents a comprehensive cost-benefit 
analysis of such a change. It considers not only 
the substantial savings to society because kidney 
recipients would no longer need expensive dialy-
sis treatments—$1.45 million per kidney recipi-
ent—but also estimates the monetary value of the 
longer and healthier lives that kidney recipients 
enjoy—about $1.3million per recipient. These 
numbers dwarf the proposed $45,000-per-kidney 
compensation that might be needed to end the 
kidney shortage and eliminate the kidney trans-
plant waiting list. From the viewpoint of society, 
the net benefit from saving thousands of lives 
each year and reducing the suffering of 100,000 
more receiving dialysis would be about $46 bil-
lion per year, with the benefits exceeding the costs 
by a factor of 3. In addition, it would save taxpay-
ers about $12 billion each year.

•	 American Journal of Transplantation 2015; 
XX: 1–9 Wiley Periodicals Inc. doi:10.1111/
ajt.13490.
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Epidemiology Commentary

J. Curtis Nickel

In 1990, very little epidemiological data was 
available to determine the prevalence, much less 
the incidence of Interstitial Cystitis. The only 
population based study was from the original 
author of this chapter, K. J. Oravisto, published in 
1975 [1]. In his chapter, Oravisto summarizes 
some older publications which described small 
uncontrolled studies including patients with vari-
able and sometimes suspect diagnoses. His land-
mark 1975 study was not only the first study of its 
kind but also the only study available to Oravisto 
at the time he was writing his 1990 chapter. His 
definition of IC included patients with frequency 
and pain or discomfort, abnormal biopsy and tem-
porary relief with overdistension of the bladder. In 
the province of Uusimaa in southern Finland 
(included city of Helsinki), there were a total of 
103 IC patients, 95 women and eight men. The 
overall prevalence in women (too few men to 
accurately analyze) over 20  years was 18.6 per 
100,000. Over a 10 year period, 64 (61 female) 
patients were diagnosed with IC; an incidence 
rate of 1.3 per 100,000 for women over 20 years. 
He noted that 8% of IC patients in his series were 
male and when he combined all the series in the 
literature from 1939 to 1978, the ratio of men to 
women was noted to be 9.1:1. So how do these 

figures compare to our contemporary epidemio-
logical studies for this enigmatic condition?

Since 1990, the definition of IC has evolved to 
now include patients with bladder pain syndrome 
(initially referred to as Painful Bladder Syndrome) 
and we have developed validated questionnaires 
with appropriate inclusion and exclusion criteria 
to identify, with reasonable accuracy, patients 
with IC/BPS. But the accuracy of epidemiologi-
cal studies remains problematic, primarily 
because the condition is a syndrome (no physical 
or biochemical marker) and the diagnosis is one 
of exclusion (excluding confusable diseases that 
can cause bladder pain and storage symptoms). 
Since Oravisto’s original publication [1] there 
have been many studies attempting to determine 
the prevalence and incidence of IC and IC/BPS 
but they remain difficult to interpret and compare 
because some are based on unverified self report, 
others by physician diagnoses (with or without 
some type of verification) or by identification of 
BPS symptoms (with or without exclusion of 
other confusable conditions). There is no wonder 
then that estimates of prevalence vary widely 
from 4.5 per 100,000 females in Japan [2], to a 
questionnaire based study that suggests a figure 
of 20,000 per 100,000  in US women [3]. Self 
-report of a previous diagnosis of IC in the 1989 
National Household Interview Survey estimated 
that for women this prevalence figure was 865 
per 100,000 [4] while an estimate of IC from the 
third National Health and Nutrition Examination 
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Survey (NHANES III) claimed a remarkably 
similar estimated prevalence of 850 per 100,000 
women [5].

Estimates based on physician diagnoses range 
from 8 to 197 per 100,000 women [6–8]. 
Prospective surveys using validated criteria evalu-
ating the prevalence of BPS like symptoms, rather 
than diagnoses, produce much higher estimates, 
ranging from 0.8% to 2.7% [9], a range collabo-
rated by other less sensitive older surveys [10]. It is 
noted, however, that such estimates of IC/BPS 
prevalence drop drastically if the subjects are 
examined by urologists to confirm the diagnosis 
[11, 12]. Using different definitions of IC/BPS 
also changes the prevalence estimates from 3300 
to 11,200 per 100,000 women based on which of 
three definitions are used [13]. Culture may also 
play a role, since the estimates vary between the 
USA (studies described), Europe [14] South Korea 
[15], China [16] and Japan [2]. The most compre-
hensive and probably most accurate estimation of 
the prevalence of BPS symptoms was 2700–6500 
per 100,000 based on the sensitivity of the two 
validated case definitions to identify IC/BPS in 
131,691 adult females [17]. Based on the informa-
tion from epidemiological studies published since 
Oravisto’s chapter in 1990, a reasonable preva-
lence estimation for patients diagnosed with BPS 
would be about 100–200 per 100,000 women with 
a male prevalence of 10–20% of the female esti-
mate. The prevalence of women and men with 
symptoms suggestive of BPS could be as much as 
ten to even 100 times more.

Incidence rates for IC/BPs are also difficult to 
estimate and since Oravisto’s estimate of 1.3 per 
10,000 women a year, a number of studies have 
claimed incidence rates ranging from 1.1 to a 
high of 21 per 100,000 women a year [8, 18, 19].

In conclusion, it appears that IC/BPS is very 
prevalent, particularly in women. The increased 
contemporary estimates of prevalence and per-
haps incidence compared to that reported by 
Oravisto in 1990 are most likely related to a less 
sensitive and restrictive definitions of the 
syndrome.
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Loredana Nasta

Abstract

In the last 30 years, Interstitial Cystitis (IC) diagnostic and etiopathoge-
netic criteria, as well as its taxonomy, have been strongly debated. Not 
only internationally, but also within the National Institute of Health (NIH) 
and especially the National Institute of Diabetes of the Digestive Tract of 
and Kidney Disease (NIDDK), many changes have occurred.

It is a common opinion that IC epidemiology data are highly inconsis-
tent because of the lack of a shared definition and a valid diagnostic marker.

In 2001, the Italian government recognized this condition as a rare 
disease, thanks to hard work of Patients’ Organization (Associazione Italiana 
Cistite interstiziale—AICI). The Higher Institute of Health (ISS) was given 
the task to put in place a National Registry of Rare Diseases (NRRD) as well 
as the Regional Registries (RR) within the framework of a very complex 
network consisting of Reference Centers and experts, to collect quality data. 
The RR are the NRRD infrastructure, an important tool to carry out the net-
work’s tracking, the rare diseases surveillance and the data flow analysis 
where patients receive diagnose and treatments. It will be analyzed the net-
work, NRRD and the data performed in the last 15 years (Courtesy of ISS).

5.1	 �Introduction

Can epidemiology and individual history help us 
understand the Bladder Pain Syndrome?

This question is important for many people: 
specialists, scientific societies, Institutions, phar-
maceutical companies and patients’ associations. 
The crucial problem of epidemiology is to con-

sider this disease based on the same clinical 
characteristics and diagnostic criteria. In the last 
30 years, diagnostic and etiopathogenetic criteria 
were highly debated on the international scene. 
Such criteria have gradually changed over time. 
New and more complex information, 
supplemented by results and by “insights” com-
ing from research and clinical practice have been 
added up.

Thanks to the interest that patients’ associa-
tions have been raising on this topic in close col-
laboration with all stakeholders, the debate on 
chronic pelvic pain of urological origin (UCPPS) 
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has never stopped in the last three decades. This 
achievement results from the interest shown by 
experts and by the most important scientific soci-
eties as well as from research funding. It is inevi-
table to emphasize two important projects called 
MAPP 1 and MAPP 2 (Multidisciplinary 
Approach to the Study of Chronic Pelvic Pain 
Research Network). Their aim is to look into the 
causes of interstitial cystitis and chronic prostati-
tis to identify a phenotype. Moreover, it is neces-
sary to explore the theory according to which 
UCPPS is not necessarily caused by a bladder 
damage or by the prostate, whereas it might orig-
inate from a neurogenic inflammation.

Nonetheless, BPS/IC remains a challenge for 
the scientific community. There is a lack of con-
sensus on its etiopathogenesis, on diagnostic dif-
ficulties, on the lack of diagnostic markers and on 
the difference among healthcare services in the 
various countries.

Moreover, in recent years IC taxonomy has 
changed: initially, it was called Painful Bladder 
Syndrome (PBS), then Hypersensitive Bladder 
Syndrome and now BPS.

5.2	 �Definition from 
the Nineteenth 
Century to Date

BPS/IC is a highly complex, strongly disabling, 
chronic and inflammatory disease. In the past, 
BPS/IC was considered a rare condition [1]; it is 
now recognized as the most serious cause of 
chronic pelvic pain. Two studies carried out by 
AICI Italy, between 2012 and 2015, together with 
the Ministry of Social Policy and Welfare, the 
Catholic University and La Sapienza University 
of Rome, showed a 10-year diagnostic delay with 
respect to the onset of symptoms. The same study 
observed a wide range of recurrent comorbidities 
and anxious-depressive disorders in 79% of 
patients. This is an undisputable response to a 
chronic and complex disease like BPS/IC and its 
negative impact on the quality of life [2].

Since 1808 to date, much progress has been 
made. In that year, the disease was described for 
the first time by Dr. P. S. Physic of Philadelphia. 

In 1887, the term interstitial cystitis was men-
tioned for the first time in a paper by Dr. A. J. C. 
Skene. In 1951, J. P. Bourque proposed to associ-
ate the term IC to PBS. This was later accepted 
by the International Continence Society; again, in 
2007 ESSIC and IASP proposed a radical 
replacement with the term BPS.

The inclusion and exclusion diagnostic crite-
ria, established by NIDDK in 1987, followed 
more or less the same destiny. Subject to constant 
criticism for almost 10 years, because they were 
considered too stringent, they have remained the 
diagnostic foundation in the context of research 
until 2003, despite the progress made in those 
years. Two papers published in 1999 showed that 
the criteria established by NIDDK-NIH were 
missing about two thirds of BPS/IC cases. Sixty 
percent of patients, despite a BPS/IC diagnosis 
made by clinical experts, were not included in 
NIDDK research criteria. Moreover, children and 
adolescents under the age of 18 were not included 
at all [3]. In 2001, a thought-provoking article 
was published. Its authors wondered whether 
time had come to review diagnostic criteria and, 
therefore, the IC definition [4].

5.3	 �Epidemiology

As previously mentioned, BPS/IC epidemiology 
studies suffered from several problems in the 
course of the past decades. This caused problems 
in the interpretation of the scientific literature. 
Pelvic pain of bladder origin can be similar to 
other diseases or causes (post-surgery, trauma, 
sexual abuse, endometriosis, vulvodinia, abacte-
rial prostatitis, prostatodinia, confusable dis-
eases). The terminology used for PBS actually 
includes symptoms related to many painful uro-
logical conditions, including IC. Research meth-
ods also vary. They are undoubtedly influenced 
by inadequate criteria lacking a universal accep-
tance. This is the reason why studies on the inci-
dence and prevalence of BPS/IC are so 
inconsistent.

Oravisto, for example, uses emptying and 
histological criteria; Held and Bade use the 
same method, i.e. they send questionnaires by 
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mail and review clinical records; Jones uses 
clinical records only; Curhan and Ito use ques-
tionnaires sent by mail, other authors make use 
of interviews. The first epidemiology study con-
ducted in Finland in 1975, was certainly the 
most important one because it covered a popula-
tion of about one million. The prevalence of the 
disease among women turned out to be 1.81 
every 10,000 inhabitants, whereas the preva-
lence in both sexes was equal to 1.06 cases per 
10,000 [5]. Jones and Nyberg [6], in a compari-
son of three epidemiology studies, show that 
different criteria had been employed to define an 
IC case and no study had employed NIH 
research criteria. The result is a considerable 
variability of prevalence rates. For example, in 
Finland, they used only clinical records (1 case 
every 10,000 inhabitants); the United States sent 
a questionnaire by mail (3 every 10,000); the 
NIH used a self-completed questionnaire (51 
every 10,000) and so did other countries in the 
rest of the world [7]. In the Netherlands, IC 
prevalence is determined through a question-
naire completed by urologists. Prevalence varies 
from 0.8 to 1.6/10,000 women patients. This 
finding is in line with European data but lower if 
compared to the United States [8].

In 2005, Kusek et al. [9] complained about the 
small number of epidemiology studies due to an 
uncommon clinical condition and to the long 
time elapsing between the onset of symptoms 
and diagnosis.

Another early study in the United States dem-
onstrated the potential extension of what was 
considered a rare disease [1]. The authors of this 
study, dating back to 1987, concluded that there 
were 43,500 to 90,000 undiagnosed IC cases in 
the USA, exactly twice as much as in Finland. 
Finally, Japan reported a prevalence of 
0.12/10,000 inhabitants, even lower than in 
Europe and in the United States [10]. This finding 
was endorsed by a further study conducted by a 
group of researchers in South Korea [11].

In other words, prevalence varies from a mini-
mum of 1.8: 10,000 inhabitants up to an esti-
mated 45–51 cases every 10,000 inhabitants [12]. 
These estimates, rather than representing very 
significant differences in terms of prevalence, 

should make us reflect on the various methods 
used to define an IC case and their limited reli-
ability. Most study end with hypothetical esti-
mates. This presupposes that millions of patients 
suffering from BPS/IC are still in search of a 
diagnosis. However, a continuous awareness-
raising effort by patients’ associations among pri-
mary care physicians, specialists and on the 
media, the advent of the Internet, social networks 
and disease-specific blogs, have played an impor-
tant role in achieving an increasingly early 
diagnosis.

5.4	 �Establishing the Network 
and the National Registry

In 2000, the European Parliament and the Council 
of the European Union defined Rare Diseases 
(RD) as conditions with a low prevalence thresh-
old (50/100,000 inhabitants in the EC) and a high 
degree of complexity [13], differently from the 
rates reported by United States (7.5/10,000) and 
Japan (4/10,000). In May 2001, the Italian 
Ministry of Health approved Ministerial Decree 
279. Italy became the first country in Europe and 
worldwide to officially establish a very complex 
national network. Reference centers for individ-
ual diseases were identified and a National 
Registry of Rare Diseases (NRRD) was estab-
lished. This latter had the objective of collecting 
data on the prevalence, incidence and risk factors 
of the various diseases listed by the Decree. BPS/
IC was included under code RJ0030 and received 
the Orphanet code ORPHA37202.

But how is the network organized? As a first 
step, the NRRD was entrusted to the Higher 
Institute of Health to collect epidemiology data 
(first of all, the number of cases of a rare disease 
and their distribution nationwide). This helps 
define the size of the problem, estimate the delay 
in the time to diagnosis and the healthcare migra-
tion pattern by patients. The average diagnostic 
delay of a RD may in fact be quite long, with an 
average estimated time of around 5 years after the 
onset of the first symptoms. Shortening this delay 
means to significantly improve the quality of life 
of patients and establish more reliable and 
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effective care and therapeutich paths. A late diag-
nosis can be explained by possible etiological 
factors, as well as by the incidence and/or preva-
lence of the disease itself [14]. The second step 
was the identification of BPS/IC centers of refer-
ence, the only ones authorized to certify the diag-
nosis and administer therapies. These centers had 
to meet stringent criteria, including a proven pre-
vious 10 year knowledge of the disease. The third 
step was the development of diagnostic and care 
therapeutic protocols. These had to be agreed 
upon by the centers and by the Patients’ 
Associations. The Ministry of Health funded a 15 
million project specifically focused on BPS/
IC.  In 2007, the Presidency of the Council of 
Ministers promoted the establishment of such 
Registries in the 20 Italian regions.

The accredited centers began entering patient 
data in the regional registries (RR). RRs periodi-
cally send data to NRRD.

5.5	 �How the Registry Works

The establishment of a BPS/IC multicenter regis-
try can provide important “insights” on the preva-
lence and characteristics of patients to allow a 
rigorous assessment of their response to interven-
tions. Furthermore, NRRD is a fundamental tool 
to study the epidemiology of BPS/IC, as well as 
to promote a debate among specialists, evalute 
the effectiveness and costs of any planned public 
health initiative. A strong motivation to enter data 
and keep the Center qualification was the proven 
existence of a large flow of patients. Patients, on 
their turn, can receive healthcare and therapy for 
free only if they are part of the registry. NRRD, to 
improve the network performance, put at the dis-
posal of Centers and Regions a data collection 
computerized system for free. This latter uses a 
common language, through a software developed 
on a user-friendly web platform. It is fully com-
pliant with security and confidentiality standards 
for the treatment of sensitive data. Data are col-
lected through an online form. Data are then sent 
to NRRD and access is authorized by a password. 
The minimum data set provides for mandatory 
fields, both for demographics and for the 

pathology features. An important requirement of 
the operating system used by NRRD is the 
exchange of information with other flows of 
farmacosurveillance and other disease registries, 
in view of a European comparative analysis.

NRRD activities are included in the National 
Statistical Plan. This is extraordinarily important 
in so far as it represents a commitment by the 
System to produce official, high quality statisti-
cal information.

5.6	 �Prevalence

We report Registry data for 2014 and 2015 in five 
significant regions—Lombardy, Piedmont, 
Tuscany, Marche and Lazio—as well as the over-
all NRRD data reported for 2013–2014. NRRD 
results for 2015–2016 are still under evaluation.

The first sample regards Lombardy RR: in 
2014, the registry counted 345 patients affected 
by BPS/IC, 25 males, 316 females and 4 deceased 
patients, with a prevalence of 0.27 males out of 
100,000 and a prevalence of 3.49 females out of 
100,000. The total prevalence was 3.77 out of 
100,000 [15]. In 2015, the registry counted 386 
patients—25 males, 355 females and 6 deceased 
patients. The prevalence was equal to 
0.24/100,000 for males and 3.54/100,000 for 
females. The total prevalence appeared to be 
equal to 3.79 out of 100,000 [16].

In 2015, the Piedmont RR counted 116 
patients, with a prevalence of 2.63 out of 100,000.

In 2015, the Tuscany RR consisted of 91 
patients with a BPS/IC diagnosis out of a popula-
tion of 3,744,398. The prevalence was equal to 
2.43/100,000.

In 2015, the Marche RR registered 77 patients 
with a prevalence of 4, 98 out of 100,000.

In 2014, the Lazio RR registered 289 BPS/IC 
patients, equal to only 1.7% of all RD diagnosed 
[17]. In 2015, the number of patients suffering 
from BPS/IC rose to 305 but the percentage 
dropped to 1.6% [18] with a prevalence of 
5.1/100,000.

In 2013–2014, NRRD had 1192 patients in a 
population of almost 61 million. The Italian 
Prevalence results 1.9 out of 100,000.
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In 2015–2016, NRRD data have been col-
lected and they are under evaluation (Table 5.1).

�Conclusions

In spite of a certain degree of statistical error, 
these results indicate that BPS/IC is not a 
common occurrence in the Italian popula-
tion. It is widely agreed that a disease regis-
try is a valuable source of information both 
for epidemiology and for public health. 
Moreover, it helps estimate the diagnostic 
delay, one of the key research areas related to 
this type of diseases. In the next 2 years, it 
will be interesting to evaluate the prevalence 
pattern of BPS/IC in Italy, in view of a com-
parison between Italian data and other 
European registries.
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Interstitial Cystitis: Animal Models

Tony Buffington, Michael R. Ruggieri, 
and David J. Klumpp

In 1990, although the etiology and pathogenesis of 
the condition then referred to as “interstitial cysti-
tis” (IC) was admitted to be largely or even com-
pletely unknown, the widely held implicit working 
assumptions held that it is a bladder disease. These 
assumptions implied that if we could discover and 
correct what was wrong with the bladder itself 
then we could cure the condition. These assump-
tions have proved to be largely off base. At that 
time, the previous suggestions that IC might have 
a primarily autoimmune or infectious etiology 
were largely abandoned. The autoimmune hypoth-
esis still remains but has yet to be either been 
proven nor disproven conclusively.

Application of highly refined and exquisitely 
sensitive molecular techniques have essentially 

disproved the possibility of an infectious etiology. 
Because IC was assumed to be a bladder disease, 
investigations turned to “the relationship between 
IC and the properties of the surface of the bladder 
lumen.” Considerable evidence existed that the 
quality of the bladder surface mucin protects the 
bladder from bacterial colonization and from 
the irritative effects of noxious substances (e.g., 
H+, K+) in urine, so studies of mucin removal 
were conducted in healthy rabbits. In response to 
anecdotal reports that the antibiotic nitrofuran-
toin, commonly used to treat urinary tract infec-
tions, may act as a surface-active agent disrupting 
the bladder surface mucin and inducing IC, 
investigations attempted to use chronic nitrofu-
rantoin administration to create an animal model 
of IC by studying both the acute and chronic 
effect of nitrofurantoin on the urinary bladder of 
rabbits. No such disruptive effect of nitrofuran-
toin on the bladder surface mucin was found. 
These investigations concluded that although 
experimental pathologies such as 1 h of bladder 
ischemia or overdistension and 1 week of partial 
bladder outlet obstruction, caused significant 
decreases in anti-adherence characteristics of the 
bladder mucosa, “whether these perturbations are 
transient or not remains the subject of further 
investigation.” The chapter concluded by propos-
ing that the use of animal models to study iso-
lated symptoms of IC would assist and greatly 
speed the process of investigation.
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6.1	 �What Did We Get Right?

The authors of the chapter rightly summarized 
the work at the time of publication of the book, 
and presciently recognized that no one animal 
model of IC was likely to recapitulate all of the 
findings present in patients with the syndrome. 
Indeed, expectation that any animal model of a 
condition of unknown etiology and obscure 
pathogenesis can recapitulate all aspects of the 
clinical condition is a gross over expectation. The 
best that can be expected is to be able to create 
animal models with known etiologic and 
pathogenic mechanisms for specific symptoms of 
the condition and then to test whether these same 
mechanisms are involved in clinical cases.

The possibility was raised that “agents in the 
urine peculiar to patients with IC may initiate the 
pathogenic process.” Repeated infusion of urine 
from IC patients into the normal rabbit bladder 
has since been found to induce the classic cysto-
scopic appearance of interstitial cystitis [1, 2] and 
a number of abnormalities in the urine and uro-
thelial cell structure and function have since been 
reported (see [3] for review).

6.2	 �Where Were We Off Base?

The mucin and glycosaminoglycan hypotheses 
ultimately were not supported [4–6]. Although 
bladder injuries certainly can be induced in ani-
mals, it remains mostly unknown if the resulting 
abnormalities represent models of cause, coinci-
dence, or consequence of IC, limiting their rele-
vance to IC in humans. That said, the recent 
reports of post-UTI chronic pain demonstrate 
that certain strains of E. coli have the capacity to 
induce pelvic pain behavior in mice that persists 
long after bacterial clearance, consistent with the 
prevalence of UTI history in IC patients [7]. 
Additionally, neonatal bladder inflammation can 
result in long-term visceral pain and altered 
responses of spinal neurons in adult rats [8, 9].

Two different strategies have been deployed to 
investigate IC in animals in the intervening years. 
One approach largely followed the recommenda-
tions of Chap. 14; the other was to investigate a 

(potentially) naturally occurring model of IC in 
domestic cats that was called “Feline Urologic 
Syndrome”.

In addition to continued studies of induced 
bladder injury, studies of the role(s) of environ-
mental factors on the development of IC also 
have appeared. For example, increased voiding 
frequency was reported in corticotrophin releas-
ing factor overexpressing mice [10], and both 
water avoidance stress [11, 12], and adverse early 
life experiences [13] have been found to result in 
irritative voiding signs in rodents.

Studies of the naturally occurring model of IC 
began with the same goal. Cats with sufficiently 
severe disease that their owners had elected 
euthanasia were obtained as donations, and then 
transported and housed in the vivarium of The 
Ohio State University and studied [14]. Three 
important initial observations were that many of 
the cats had variable combinations of signs of 
comorbid disorders (as is the case with humans 
with the syndrome), that these signs routinely 
resolved with housing in the enriched environ-
ment of the vivarium, and that they recurred in 
response to disruptions in the cats’ surroundings 
[15]. These findings resulted in the hypothesis 
that these cats, rather than having a bladder dis-
ease, might have a disease of the central nervous 
system that was afflicting the bladder and various 
other body systems (similar hypotheses have 
been investigated in humans [8, 14, 16]). We 
tested this hypothesis in a prospective observa-
tional study of “multimodal environmental modi-
fication” (MEMO) in client owned cats with the 
syndrome, and found that it led to significant 
reductions in signs referable to the bladder, as 
well as to other affected organs [17]. The MEMO 
approach subsequently has become the standard 
of care for cats with IC in veterinary medicine 
[18].

Like the induced bladder injury models, IC in 
cats also has limitations as a model of IC in 
humans. One is the seemingly different gender 
distribution between affected males and females 
of the two species. In cats, both genders are 
affected roughly equally, whereas early studies in 
humans suggested that 90% of patients were 
women [19]. Recent reports, however, suggest 
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that the sex difference in humans may not be as 
large as originally thought [19, 20], if it exists at 
all [21, 22]. Additionally, affected cats are not 
easy to acquire without both veterinarian and 
owner cooperation, are more expensive to main-
tain in laboratory animal facilities than are 
rodents, are outbred, and lack many of the molec-
ular tools available for rodents. Despite these 
limitations, studies of cats with IC have dupli-
cated many results obtained in humans with IC, 
and even predicted some abnormalities that were 
subsequently found in humans with the syndrome 
[23, 24], in ways not currently possible in humans 
or induced animal models [25].

6.3	 �What Seminal Publications 
Changed Our Thinking?

This publication [26] led to investigations of 
the  roles of the HPA axis in cats with IC. 
Consideration of the role of adverse early life 
experiences in IC and related disorders as spurred 
by these publications [8, 9, 27]. This publication 
[28] led to consideration of the role of epigenetic 
modulation of gene expression in central sensiti-
zation. Development of the MEMO approach 
was helped by this publication [29].

6.4	 �Where Do We Go from Here?

Based on studies of IC in cats, a human “version” 
of the MEMO approach developed to treat cats 
was tested in humans with fibromyalgia (FM), 
[30] a disorder commonly comorbid with IC [31]. 
Nine patients with FM were provided with indi-
vidual and group health and wellness coaching 
(HWC) telephonically for 12 months. We used the 
Revised Fibromyalgia Impact Questionnaire 
(FIQR) to measure health and quality of life, and 
the Brief Pain Inventory-Short Form (BPI) to 
measure pain intensity and interference with func-
tion. We also documented total and rheumatol-
ogy-related health encounters using electronic 
medical records. All nine patients finished the 
HWC protocol, and their FIQR scores improved 
by 35% (P = 0.001), and BPI scores decreased by 

31% for severity (P = 0.02), and 44% for interfer-
ence (P = 0.006). Importantly, health care utiliza-
tion declined by 86% (P  =  0.006) for total and 
78% (P  <  0.0001) for rheumatology-related 
encounters, suggesting that the HWC program 
added to standard FM therapy produced clinically 
significant improvements in all measures. Such 
improvements do not typically occur spontane-
ously in FM patients, suggesting that HWC 
deserves further consideration as an intervention 
for FM, and for patients with IC as well.
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Etiology: Etiological 
and Pathogenic Theories 
of Interstitial Cystitis/Bladder 
Pain Syndrome

Jørgen Nordling, David Staskin, 
and Naoki Yoshimura

When this chapter was first written in 1990, 
Interstitial Cystitis (IC) had no established uni-
versally accepted definition and no widely agreed 
upon diagnostic criteria. Consequently, patients 
receiving the clinical diagnosis constituted a 
wide range of different phenotypes of urinary fre-
quency, urgency or pain—a diagnosis established 
primarily based on symptoms—depending on the 
diagnostic criteria created by the individual doc-
tor making the diagnosis.

The lack of established sensitive or specific 
objective symptoms or signs is evident in the 
NIDDK criteria published in this book in 1990. 
The NIDDK criteria were primarily established for 
selecting patients for scientific studies. Because of 
the desire to not exclude any subjects with predom-
inant urgency “or” pain from potential treatment—
these criteria permitted the investigator with 
subjects  to include a wide range of the symptom 
spectrum—but did not provide the clinician with a 
specific criterion for the diagnosis of patients.

In the NIDDK criteria PAIN or URGENCY 
were the two symptoms selected to be necessary 
for inclusion into clinical studies of IC. Important 
was the word “or”, indicating that patients with the 
symptom of urgency, but no pain were eligible to 
receive the diagnosis. Taking a retrospective look at 
the last 30 years, this definition permitted many to 

be diagnosed as having IC, who since the introduc-
tion of Overactive Bladder Syndrome (OAB) in 
2002 [1] would be diagnosed as having idiopathic 
OAB. Today this is still the case in many countries 
in Asia, where the NIDDK criteria until very 
recently were the diagnostic criteria for IC [2].

This is only one example of the heterogeneity 
of IC patient populations of that time. The desire 
for broad inclusion criteria while establishing the 
etiology of the disease made the establishment of 
diagnostic criteria and therapeutic responses 
highly challenging and almost with certainty 
doomed to be a failure. Chapter 6 which provided 
many etiologic theories and no positive conclu-
sions confirms this dilemma.

ESSIC introduced in 2008 Bladder Pain 
Syndrome (BPS) instead of IC [3] including a 
definition of the disease and a classification sys-
tem. Due to problems with regulatory authorities, 
reimbursement, etc., the terminology utilized 
today is often BPS/IC or IC/BPS employing the 
ESSIC definition or another modification of this 
without changing the traditional definition. 
Nevertheless, BPS is still a heterogeneous patient 
group and the search for one or more unifying 
etiologies has still not been very successful.

7.1	 �What Did We Get Right?

In the original chapter the term used was “Painful 
Bladder disease including interstitial cystitis” 
and attention was thereby brought to the problem 
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of definition and delineation of the disease. 
Nevertheless, studies on etiology were on diverse 
patient populations, and therefore all negative.

The theoretical etiologies proposed in the1990 
edition:

Infection
Extra vesical foci or infection
Allergic, immune or autoimmune disorders
Defective cytoprotection
Toxic agents in the urine
Genetic deviancies
Endocrinological disturbances
Lymphatic obstruction
Vascular obstruction
Neurogenic disturbances
Psychiatric disease

The etiologies under discussion in 2016 are 
more or less the same (ICI 2016 Tokyo):

Immune cell activation
Increased permeability of the urothelium due to 

urothelial dysfunction/GAG layer defects
Inhibition of Bladder Urothelial Cell Proliferation
Infection
Neurobiology/Pelvic Crosstalk
Urinary Toxic Agents
Hypoxia
Genetics

The only proposed etiologies in 1990 not still 
in consideration are: Endocrinological distur-
bances and psychiatric disease.

It is comforting, that at least psychiatric dis-
ease is out of the list today.

7.2	 �Where Were We Off Base?

	1.	 Overactive Bladder Syndrome and other 
Lower Urinary Tract Symptoms: The inclu-
sion of a large variety of lower urinary tract 
disorders—comprised of the symptoms of 
urgency, frequency, nocturia, without pain. 
The inclusion of patients with frequency and 

urgency and without pain broadened inclusion 
criteria and increased the heterogeneity of the 
population.

	2.	 Abnormal cystoscopy including the findings 
of “glomerulation” and “Hunner’s Ulcer”: 
This subgroup originally defined by the spe-
cific findings of submucosal hemorrhage or 
Hunner’s Lesions in the bladder was not given 
the status of a recognized sub-group, but were 
considered more severe forms of the disease 
on a spectrum. This assumption made the 
search for a common etiology for the disorder 
rather meaningless. No doubt, we may have 
been far more advanced in our understanding 
of the Hunner Lesion group, if patients with 
Hunner Lesion had been studied as a distinct 
disease [4].

It is today believed, that the etiology of 
BPS is more complex than believed in 1990 
[5–8].

	3.	 Urodynamic findings: Although the presence 
of urinary frequency implies decreased void-
ing volume and therefore decreased bladder 
capacity there was no specific criteria con-
cerning the “sensory” component of the dis-
ease process. Even in 2016 the criteria to 
differentiate patients with afferent neurologi-
cal disorders emanating from the mucosa, 
submucosa or muscle—or a group with sub-
mucosal fibrosis and changes in bladder 
compliance has not been established. Bladder 
capacity by voided volumes is not required. 
Cystometry under anesthesia with or without 
pharmacological provocation has not been 
studied.

7.3	 �What Seminal Publications 
Changed Our Thinking?

The paper from Magnus Fall in 1987 [9] did not 
attract much attention at that time, but read today 
it really underlines the importance of phenotyp-
ing in syndromes like BPS in order to make prog-
ress in the study of a probably very heterogeneous 
patient group.
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7.4	 �Where Do We Go from Here?

Hunner Lesion patients must in the future be 
studied separately as a distinct disease. Because a 
huge proportion of patients with BPS without 
Hunner Lesion also have other pain syndromes 
the tendency today is to look on this patient group 
as having a more generalized somatic disorder 
and should therefore be evaluated as such. The 
Multidisciplinary Approach to Pelvic Pain 
(MAPP) study by NIDDK (https://www.niddk.
nih.gov/news/research-updates/Pages/multi% 
E2%80%91disciplinary-approach-study-
chronic-pelvic-pain.aspx) is such a study, which 
might bring some more light into this area.
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Differences in Clinical Features 
and Histopathology in BPS/IC 
with and without Hunner Lesions

Christina Kåbjörn-Gustafsson and Ralph Peeker

8.1	 �Bladder Pain Syndrome 
With or Without Hunner 
Lesions

The understanding of interstitial cystitis (IC) has 
changed a lot since the term was first introduced 
by Skene as early as in 1887 [1]. Guy L. Hunner 
described a symptom complex of bladder pain 
associated with an elusive cystoscopic feature, 
the Hunner ulcer, almost exactly 100 years ago 
[2]. A couple of decades later things became a 
lot more confusing when John Hand presented a 
large series of IC patients noticing that IC did 
not comprise just one single entity [3]. Some 
40 years ago Messing and Stamey believed that 
there might be an early form of the disease, dis-
playing the so-called submucosal glomerula-
tions, potentially progressing into the well-known 
classic disease [4]. This notion has subsequently 
been considered unrealistic since progression 
from the so-called ‘early form’ to the classic 
ulcerous form or end stage disease (bladder con-
tracture) actually never has been reported. 
Conversely, during the recent decades it has 
become increasingly clear that the different 
forms of IC indeed represent completely differ-
ent pathological entities, despite sharing similar 

symptomatology and the same chronic course 
[5–8]. In a recent report, Killinger et al. failed to 
reveal any significant differences in pain patterns 
between the two subtypes [9].The differences 
between the two subtypes are reflected in clini-
cal manifestation and age distribution [7, 8]. It 
has also been reported that the two subtypes 
respond differently to many treatment proce-
dures [8]. Koziol et al. supported the contention 
of heterogeneity of interstitial cystitis by obser-
vations based on epidemiological data relating to 
demographics, risk factors, symptoms, pain and 
psychosocial factors [6], and, more recently, 
Peters et  al. demonstrated notable differences 
between the two subtypes in the number of 
comorbid diagnoses as well as symptoms [10]. 
In these reports, subjects with Hunner disease 
were significantly older.

The percentage of classic and nonulcer dis-
ease, respectively, of the total number of patients 
with interstitial cystitis is under debate. Messing 
and Stamey reported classic interstitial cystitis to 
account for about half of all patients with intersti-
tial cystitis [4]. Later, the Hunner type has been 
considered a rare finding, accounting for 5–10% 
of cases of interstitial cystitis [11]. However, 
Koziol et  al. presented a very large series in 
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which classic interstitial cystitis accounted for 
approximately 20% [6].

Endoscopically, classic IC displays reddened 
mucosal areas often associated with small ves-
sels radiating towards a central scar which rup-
tures with increasing bladder distension. 
Nonulcer IC, on the other hand, displays a nor-
mal bladder mucosa at initial cystoscopy. The 
development of glomerulations after hydrodis-
tension is considered to be a positive diagnostic 
sign. However, a report by Waxman showed that 
there was no difference in cystoscopic appear-
ance between patients with nonulcer IC and 
women without bladder symptoms about to 
undergo tubal ligation [12].

8.2	 �Histopathology in Bladder 
Pain Syndrome/Interstitial 
Cystitis—General

The role of histopathology in the diagnosis of 
Bladder Pain Syndrome/Interstitial Cystitis 
(BPS/IC) is primarily one of excluding other pos-
sible diagnoses. Possible confusing and poten-
tially harmful conditions must be ruled out; 
carcinoma and carcinoma in situ, eosinophilic 
cystitis, tuberculous cystitis, as well as any other 
entities with a specific tissue diagnosis, such as 
enteric metaplasia, cystitis glandularis, squamous 
cell metaplasia and nephrogenic metaplasia. 
Some of these metaplastic conditions have malig-
nant counterparts and in order to rule out such 
possible malignancies, deep bladder biopsies and 
sometimes directed immunohistochemical stain-
ing may be necessary.

However, biopsy retrieval and histopatholog-
ical examination may also be of value when it 
comes to diagnosing BPS/IC. Even though most 
histopathologic features are not distinctive of 
BPS/IC in nonulcer disease, certain signs are, 
for practical clinical purposes, patognomonic 
for classic IC. In recent decades, understanding 
of the properties of various cell system has 
developed dramatically and, moreover, the diag-
nosis with standard staining procedures and 
light microscopy can now be further refined 

with immunohistochemistry and even more 
sophisticated and sensitive amplification tech-
niques such as in situ hybridization, polymerase 
chain reaction and various blot and array 
techniques.

8.3	 �Biopsy Retrieval, Fixation, 
and Staining Procedures

To facilitate the possibility for a correct histopath-
ological diagnosis of BPS/IC, biopsies should be 
obtained by transurethral resection of large strips 
of the bladder wall, including the detrusor muscle; 
however cold cup biopsies can also be a feasible 
option. This is somewhat depending on local tra-
dition but the choice of biopsy retrieval technique 
can also be governed by which kind of pathology 
is suspected and what pathology the clinician 
finds important to rule out.

Formaldehyde fixation (4%, 10%) is manda-
tory and fixation rate is approximately 1  mm 
per hour; hence small biopsies are fixated by 
the time they reach the pathology department. 
In the laboratory the specimen is dehydrated, 
paraffin or wax embedded, and cut into series 
of 4  μm sections. The specimen is thereafter 
deparaffinized and stained with hematoxylin/
eosin (Htx-Eo) prior to dehydration and mount-
ing with coverslips. Additional stainings are 
often performed in order to guide the patholo-
gist into a more correct diagnosis. For instance 
Van Gieson or Sitius may be helpful to demon-
strate fibrosis. Most antibodies are tested on 
formaldehyde-fixated tissue and mast cell tryp-
stase may nowadays be visualised using a spe-
cific antibody. Toluidin Blue, a metachromatic 
dye, may be used to stain mast cells but the 
staining procedure with Toluidin blue is prob-
lematic. The method is very dependent on low 
pH during which circumstances mast cells con-
taining heparin and chondroitin-sulfate are 
visualized. Chemicals like HCl, citronic acid, 
and the dye Toludin blue is unhealthy for the 
personnel handling the dying process. This 
method has now been replaced with a mast cell 
tryptase antibody (Fig. 8.1).
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8.4	 �Light Microscopic Features

Specimens from patients with BPS/IC type 3C 
(classic IC) as a rule display striking histologic 
alterations from normal mucosa (Fig. 8.2), with 
prominent ulcerations that may be covered by 
fibrin mixed with inflammatory cells, in particu-
lar neutrophils (Fig.  8.3). The ulcerations are 
often wedge shaped and involve the superficial 
part of the lamina propria, not seldom extending 
all the way into the lamina muscularis mucosae. 
Underlying granulation tissue is present in the 
vast majority of the subjects [13]. These findings 
tally with those reported already 100 years ago 

by Hunner, who reported the abundance of 
granulation tissue formation as well as chronic 
inflammation involving all coats of the bladder 
[14]. There is an abnormal microvascularity in 
the lamina propria which may result in petechial 
bleeding or glomerulations, and possibly also 
ulceration as a consequence of ischemia, this in 
turn may bring about hemorrhage in the entire 
lamina propria. BPS/IC type 3C (classic IC) 
hence displays marked inflammatory changes in 
the lamina propria, including the presence of 
lymphocytes, plasma cells, mast cells and neutro-
phils. Eosinophils are generally few. Germinal 
centre formation may be seen. Fibrosis is com-
monly displayed in BPS/IC and especially inter 
and intra lamellar fibrosis in the detrusor muscle 
should be evaluated and reported (Fig. 8.4a, b).

The counting of mast cells in the detrusor 
muscle, using a grid, is mandatory in diagnosing 
BPS/IC.  The mast cell count is usually high 
above 25 per mm2 (Fig. 8.1).

The aforementioned light microscopic fea-
tures differ markedly from what can be seen in 
nonulcer IC. Lepinard reported that whereas pan-
cystitis affected the three layers of bladder wall, 
this was not the case in nonulcerative disease 
[15]. In another report, comprising 64 patients 
with ulcerative disease and 44 with nonulcerative 
IC, ulcerative disease had mucosal ulceration and 

Fig. 8.1  The detrusor muscle. Tryptase in mast cells 
visualized by immunohistochemistry. Mastocytosis with a 
relatively high number of mast cells within the muscle 
bundle (arrows), in this case >50 per mm2, Htx/eo

Fig. 8.2  Normal bladder. Intact urothelium with umbella 
cells (arrow). Beneath the urothelium resides the lamina 
propria (LP), Htx/eo

Fig. 8.3  Abnormal bladder. Severe case of bladder pain 
syndrome. Epithelial denudation, ulceration with fibrin 
and inflammatory cells (arrows). Granulation formation 
(arrowheads) in lamina propria (LP) reaching deeper por-
tions and the detrusor muscle compartments (D), Htx/eo
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hemorrhage, granulation tissue, severe inflamma-
tory infiltrates, high mast cell counts, and peri-
neural infiltrates. The nonulcer group, despite 
sharing a similar sympomatology and the same 
chronic course, had an impervious mucosa with a 
meagre inflammatory response, the main feature 
being numerous, mucosal ruptures and suburo-
thelial hemorrhages [16]. Not seldom, biopsies 
can be perfectly normal in nonulcer IC.

8.5	 �Ultrastructural Studies

Electron microscopy has not been very successful 
in diagnosing BPS/IC.  In an early paper on this 
topic, Collan et al. stated that there was a consid-
erable similarity of the ultrastructure of epithelial 
cells between controls and IC patients [17], and 
some 10 years later Dixon et al. also failed to dis-
cover any differences in the morphologic appear-
ances of urothelial cells in patients with IC as 
compared to controls [18]. Neither could 
Anderström et  al. see any unambiguous ultra-
structural surface characteristics for IC, however, 
the proportion of cells covered by round, uniform 
and pleomorphic microvilli was higher in the IC 
patients than in controls [19].

At variance with these reports on lack of diag-
nostic positive histopathologic signs in nonulcer 
IC, Elbadawi and Light concluded that ultrastruc-
tural changes appear to be sufficiently distinctive to 
be diagnostic in specimens submitted for pathologic 
confirmation of nonulcer interstitial cystitis. They 

performed a detailed ultrastructural study on 
patients with nonulcer IC [20]. A distinctive com-
bination of peculiar muscle cell profiles, injury of 
intrinsic vessels and nerves in muscularis and subu-
rothelium, and discohesive urothelium was 
observed in lesional and less markedly in nonle-
sional samples of all specimens. Marked edema of 
various tissue elements and cells appeared to be a 
common denominator of many observed changes. 
Urothelial changes disrupted the true permeability 
barrier. Neural changes included a combination of 
degenerative and regenerative features.

8.6	 �Histopathological Detection 
of Mast Cells in BPS/IC

Mast cells are regarded not only as cells involved 
in allergic tissue reactions but as multifunctional 
immunocompetent cells involved in a variety of 
tissue reactions such as chronic inflammation, 
examples of which are classic IC and rheumatoid 
arthritis as well as fibrosis [21]. It has thus been 
shown that the mast cell, in addition to histamine 
and heparin, also contains other highly potent 
inflammatory mediators such as leucotrienes, 
cytokines and the angiogenic and fibroblast stim-
ulatory factor bFGF (basic fibroblast growth fac-
tor) [22, 23]. In addition to allergen binding, 
nerve-derived mediators may also stimulate mast 
cell secretion. Several lines of evidence support 
the concept of a neuroimmune connection [24] 
and morphological association between mast 

Fig. 8.4  The detrusor muscle with smooth muscle (Sm) and intralamellar fibroses (arrows). (a) Htx/eosin. (b) Van 
Gieson staining, high lightening the fibroses in between the smooth muscle bundles as pink aggregates
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cells and neuropeptide-containing nerves has 
been demonstrated [25–27].

It was demonstrated, in bladder specimens 
from patients with classic IC, non-ulcer IC and 
controls, that mast cells were visualised in terms 
of metachromasia, reflecting glycosaminoglycan 
content, and immunohistochemically, visualising 
tryptase, chymase and IL-6 as well as the surface 
markers CD 117 and stem cell factor (SCF) [28]. 
In this report, classic IC displayed a 6–10-fold 
increase of mast cells in terms of proteinase posi-
tivity while nonulcer IC revealed twice as many 
mast cells as controls. In contrast to non-ulcer IC 
and controls, classic IC displayed an abundance 
of epithelial mast cells.

8.7	 �Histopathological Detection 
of Immunocompetent Cells 
in BPS/IC

There are numerous reports on autoantibodies in 
patients with IC [29–31] and, moreover, some of 
the common clinical and histopathological char-
acteristics present in IC patients show certain 
similarities with other known autoimmune phe-
nomena. This is the background to the theory that 
IC may arise from autoimmune disturbances. The 
role of autoimmunity in IC is controversial and 
the disease is not thought to originate from a 
direct autoimmune attack on the bladder. Rather, 
some of the autoimmune symptoms and patho-
logic findings in IC arise indirectly as a result of 
tissue destruction and inflammation from other, 
as yet unknown, causes.

In a study of 47 IC patients, Mattila et al. found 
immune deposits in the vessel walls of 33 patients 
[32] and in a subsequent study, electron micros-
copy evidence of endothelial injury was found in 
14 out of 20 IC patients [33]. There is, no doubt, 
an inflammatory response in classic IC, of a 
chronic nature, and this makes it possible that 
there is a cell-mediated autoimmune response at 
hand. In a report encompassing 24 classic IC 
patients, nine nonulcer patients and ten controls 
[34] it was found that the classic IC patients dis-
played aggregates of T-cells as well as B-nodules 
with focal germinal centres. There was a decreased 
or normal helper/suppressor ratio and suppressor 

cytotoxic cells were present in the germinal cen-
tres. The nonulcer patients, conversely, had only 
slightly increased numbers of lymphoid cells, 
dominated by T-helper cells, the nonulcer group 
not differing significantly from the controls.

In the very recent publication by Maeda et al. 
patients with Hunner type interstitial cystitis (HIC) 
and non-Hunner type interstitial cystitis (NHIC) 
were compared [35]. Using immunohistochemical 
quantification of infiltrating T-lymphocytes, 
B-lymphocytes and plasma cells, the authors were 
able to demonstrate that lymphoplasmacytic infil-
tration was significantly more severe in HIC speci-
mens than in NHIC specimens. They moreover 
disclosed that the loss of residual epithelium was 
considerably decreased in HIC specimens but not 
in NHIC specimens. Finally, in situ hybridization 
of the light chains was performed to examine 
clonal B-cell expansion and the authors demon-
strated that such expansion of light-chain-restricted 
B-cells was observed in 31% of cases of HIC. The 
authors concluded that NHIC and HIC appear to 
be divergent pathological entities, the latter being 
characterized by pancystitis, frequent clonal B-cell 
expansion and epithelial denudation. The very 
same research group also used double-
immunofluorescence for CXCR3 and CD138 to 
detect CXCR3 expression in plasma cells from 
subjects with HIC and NHIC, respectively. 
Correlations between CXCR3 positivity and lym-
phocytic and plasma cell numbers and clinical 
parameters were explored. The density of CXCR3-
positive cells showed no significant differences 
between HIC and non-IC cystitis specimens. 
However, distribution of CXCR3-positivity in 
plasma cells indicated co-localization of CXCR3 
with CD138 in HIC specimens, but not in non-IC 
cystitis specimens [36].

8.8	 �Nitric Oxide Evaporation 
and iNOS Expression in BPS/IC

Recent research by us and by others has sug-
gested that nitric oxide (NO) metabolism might 
play an important role in this context, the luminal 
production of NO being high in HIC but not in 
NHIC [37, 38]. Moreover, inducible nitric oxide 
synthase (iNOS) has been demonstrated to be 
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abundant, in the urothelium and in inflammatory 
cells in patients with HIC, not only by immuno-
histochemistry but also on the transcriptional 
level [39, 40].
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Mast Cells and Interstitial Cystitis

Frank Aldenborg, Magnus Fall, 
and Lennart Enerbäck

Mast cells (MC) are tissue-resident immune 
cells that participate in first line host defense, 
responding to allergic challenge and pathogen 
attacks. Following appropriate stimulation they 
release immuno-modulators, and vaso- and neu-
roactive compounds. Early reports suggest that 
MCs are innervated [1] and their anatomical 
proximity to vasculature and nerve fibers under-
pin the likelihood of functioning neuro-immune 
interfaces. The biological role of MCs is 
diversified.

MCs have been in the focus of interstitial 
cystitis research for a long time and it has been 
repeatedly suggested that histo-pathologic 
demonstration of MC hyperplasia represents a 
momentous diagnostic tool. In the 80-ties the 
critical number of 28 MCs/mm2 was by many 
suggested as the proof of the diagnosis [2, 3]. It 
has to be remembered, though, that MC counts 
in the specimen of bladder mucosa and detrusor 
muscle does not disclose the absolute number 
of cells residing in the biopsy. Certainly, the 
degree of MC expansion is determinative but 
laboratory techniques have a considerable 

impact as to numbers, too. During the last 
decades, there has been a significant develop-
ment of technologies resulting in increasing 
accuracy of MC demonstration. Naphtolesterase 
staining [2] was replaced by the more sensitive 
toluidine blue staining, reinforced by more 
appropriate fixation techniques to overcome 
blocking of dye-binding [4, 5]. Currently, 
immunohistochemical tryptase labeling has 
been found superior and more robust comparing 
to earlier methods [6, 7] and is the method 
recommended today [8].

9.1	 �What Did We Get Right?

The dramatic increase of MC counts in classic IC 
[5, 7], (ESSIC type 3) [9] compared to non-
Hunner subjects and controls emphasize the fun-
damental difference between phenotypes with 
and without Hunner lesions.

9.2	 �What Seminal Publications 
Changed Our Thinking?

Certainly, MCs is one of the key players in clas-
sic IC/BPS (ESSIC 3C) and the reports from the 
80-ties directed an attention to these cells [2, 3], 
an important attention. The rare finding in human 
biology of transepithelial MC migration demon-
strated in classic IC [5, 7], with connection to the 
IgE system, among other things indicated that an 
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allergic response could come into question but if 
so, what is the agent? The etiology and 
pathogenesis of BPS/IC is still not resolved and 
MCs may hold one of the keys.

9.3	 �Where Were We Off Base?

MC counts in a specimen of bladder mucosa and 
detrusor muscle do not disclose the absolute 
number of cells residing in the tissue. A number 
of factors govern the counts found in a biopsy 
and it is not possible to establish a fixed critical 
number. Fortunately, tryptase techniques have 
made comparison between different laboratories 
more reliable, though.

9.4	 �Where Do We Go from Here?

Although the disease mechanisms in BPS/IC and 
the role of MCs certainly are complex [10] and 
partly difficult to grasp, one capacity of particular 
interest is that MC can modulate synaptic 
responses. Further, MC-mediated pain can be 
disease-specific [11], features clearly motivating 
a continued interest of MCs in BPS/IC.

The cell components in classic IC (ESSIC type 
3C) include lymphocytes, plasma cells, granulo-
cytes, macrophages and mast cells [12, 13], and 
this characteristic combination of cell elements 
has something to tell. There is a documented 
interplay between MCs and T-lymphocytes; inter-
actions between the various cell components pres-
ent in the infiltrate has to be expected. Thorough 
analysis of biological possibilities related to the 
features of the inflammatory infiltrate might give 
clues to development of rational pharmacologic 
treatment.
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Mast Cells as Biomarkers 
for Bladder Pain Syndrome/
Interstitial Cystitis?

Marianne Gamper, Sigrid Regauer, 
and Volker Viereck

Abstract

Results of mast cell staining in early and recent studies agree surprisingly 
well, even though different staining methods have been applied. Increased 
mast cell counts in subepithelial tissue and in the detrusor muscle are char-
acteristic for bladder pain syndrome/interstitial cystitis (BPS/IC) with 
Hunner’s lesion, or “classic interstitial cystitis”, but not for BPS/IC without 
Hunner’s lesion or overactive bladder syndrome (OAB). BPS/IC without 
Hunner’s lesion and OAB cannot be differentiated by mast cell counts, acti-
vation or localization. Recent studies found that mast cell evaluation is not 
necessary for the diagnosis of BPS/IC, especially because cystoscopy is suf-
ficient to identify BPS/IC with Hunner’s lesion. Other histological markers, 
such as a defective urothelium, the presence of lymphocytic infiltration/lym-
phocyte aggregates and submucosal sensory hyperinnervation are better 
criteria to distinguish BPS/IC without Hunner’s lesion from OAB. The 
origin of BPS/IC still remains unknown. Future goals should include the 
identification of early disease forms and adequate therapies to prevent 
disease progression. Objective, reliable and preferentially non-invasive 
markers for diagnosis and treatment monitoring have to be determined.

Keywords

Mast cells • Diagnosis • Histopathology • Immunohistochemistry  
• Toluidine blue staining

10.1	 �Introduction

Thirty years ago, diagnosis of the then called 
“classic interstitial cystitis” was based on the 
symptoms chronic pain and urinary frequency, 
the presence of Hunner’s lesion in cystoscopy 
and inflammation in biopsy. Later, some guide-
lines recommended diagnosis solely based on 
symptoms while cystoscopy and bladder biopsy 
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were facultative [1]. But different classification 
systems and nomenclature made comparison 
between studies especially difficult. Today, the 
circle is closing and cystoscopy and bladder 
biopsy regain significance for the diagnosis [2].

10.2	 �The Technique of Tissue 
Fixation and Mast Cell 
Staining in the Late 1980s

In the late 1980s, chemical staining with tolu-
idine blue, but not immunohistochemistry with 
anti-mast cell tryptase antibodies, was the stan-
dard histopathological technique to detect mast 
cells. Hence, the optimization of staining and 
fixation methods was prominently discussed in 
the book chapter by Aldenborg et al. The authors 
found two types of mast cells in the bladder wall 
of “classic interstitial cystitis”. One type was 
predominant in the submucosa and could not be 
visualized after routine 4% formaldehyde fixa-
tion, but needed a special fixation technique, e.g. 
with 0.6% formaldehyde/ 0.5% acetic acid. The 
other type was predominant in the detrusor mus-
cle and needed no special fixation for detection 
[3]. Submucosal and epithelial mast cell num-
bers were twofold higher for patients with “clas-
sic interstitial cystitis” than for healthy controls, 
but detection was only possible after the special 
fixation with formaldehyde/acetic acid. With 
routine formaldehyde fixation, only a twofold 
increase in detrusor mast cell counts could be 
seen. The authors conclude that mast cell prolif-
eration and migration towards the periphery and 
the epithelium of the bladder wall is characteris-
tic for “classic interstitial cystitis”.

The ESSIC classified types of bladder pain 
syndrome/interstitial cystitis (BPS/IC) based on 
cystoscopy and biopsy findings [4]. Interestingly, 
“detrusor mastocytosis” per se, defined as >28 
mast cells/mm2, can assign a biopsy to the most 
severe category C [5]. This number was not refer-
enced in this meeting’s proceedings and most 
likely originated from an early study by Larsen 
et  al. [6], before Aldenborg et  al. described the 

above mentioned special fixation method to addi-
tionally stain submucosal mast cells [3]. Thus, 
current guidelines concentrate on detrusor mast 
cell counts presumably because a publication 
with outdated fixation and staining techniques 
was considered.

10.3	 �Mast Cell Staining 30 Years 
Later

Today, immunohistochemistry with antibodies 
against mast cell tryptase is the gold standard for 
mast cell staining. This technique was shown to 
be equivalent or superior to toluidine staining [7]. 
In a recent study with 56 patients [8], subepithe-
lial mast cell localization was predominantly 
found for BPS/IC with Hunner’s lesion 
(Fig. 10.1b), but not for BPS/IC without Hunner’s 
lesion, overactive bladder (OAB) and healthy 
controls. This result thus agrees with the above 
described findings by Aldenborg et al. Detrusor 
mast cell counts were slightly elevated in BPS/IC 
with Hunner’s lesion. The calculated optimal cut-
off value to predict BPS/IC with Hunner’s lesion 
was 32 mast cells/mm2, and thus, close to the 
threshold number of 28 mast cells/mm2 [4]. But 
this number only achieved 68% accuracy and a 
38% positive prediction value, and therefore 
detrusor mast cell counts cannot be considered a 
reliable diagnostic criterion. Furthermore, BPS/
IC without Hunner’s lesion and OAB cannot be 
distinguished by detrusor mast cell numbers, and 
biopsies often did not include sufficient amounts 
of detrusor muscle for a thorough evaluation [5]. 
In addition, submucosal mast cell counts and the 
presence of mast cell activation, defined by 
degranulation (= location of granules outside the 
cytoplasm, Fig. 10.1c), were poor diagnostic cri-
teria; no significant differences were found 
between patient subgroups. Intraepithelial mast 
cells were present in only two cases of BPS/IC 
with Hunner’s lesion (12.5%), while often, the 
urothelium was absent or defective. This is in 
contrast to Aldenborg et  al. that frequently 
detected intraepithelial mast cells (94%) [3].
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10.4	 �Biopsy Evaluation 
for the Diagnosis of BPS/IC

Other histopathological criteria turned out to be 
better markers for the diagnosis of BPS/IC [9]. 
Dense to medium lymphocytic infiltrates, fre-
quently combined with the presence of nodular 
lymphocyte aggregates (Fig. 10.1a) or lymph fol-
licles were characteristic for BPS/IC with and 
without Hunner’s lesion, with 86% accuracy and 
an 85% positive prediction value. Also an absent 
or defective urothelium (Fig. 10.1a) was a strong 
criterion for separating BPS/IC from OAB, with 
88% accuracy and an 83% positive prediction 

value. Moreover, immunohistochemical staining 
with antibodies to PGP9.5, a marker for unmy-
elinated nociceptive sensory nerve fibers, showed 
submucosal sensory hyperinnervation (Fig. 10.1d) 
in cases of BPS/IC, but not in OAB, with 88% 
accuracy and an 83% positive prediction value. 
Typically, these nerve fibers are not present in the 
submucosa of healthy patients, but under patho-
logical conditions they proliferate, partly under 
the influence of neurotrophins, such as nerve 
growth factor (NGF). Immunohistochemical 
staining of the NGF-receptor p75NTR in basal uro-
thelial cells was a sign for urothelial regeneration 
and thus a further evidence for BPS/IC.

Fig. 10.1  Bladder biopsy of a patient with BPS/IC with 
Hunner’s lesion, lesional area. (a) Hematoxylin and eosin 
staining shows an area of erosion with detachment of the 
urothelium (arrow) from the submucosa. Underneath the 
ulcer bed, the blood vessels in the submucosa are dis-
tended and filled with erythrocytes. A large nodular lym-
phocytic aggregate can be seen on the left. (b) 
Immunohistochemistry with an antibody against mast cell 
tryptase shows numerous mast cells (in red) in subepithe-

lial localization and throughout the submucosa. Note the 
sparing of the lymphocytic infiltrate. (c) Mast cells show 
some degree of degranulation, with the majority of gran-
ules localized inside the cytoplasm surrounding the 
nucleus and with a few granules outside the cell (= sign of 
activation, red small dots). (d) Immunohistochemistry 
with an antibody against PGP9.5 stains sensory nerve 
fibers (in brown, arrows) in the ulcer bed

10  Mast Cells as Biomarkers for Bladder Pain Syndrome/Interstitial Cystitis?
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10.5	 �Conclusion and Outlook

Similar to 30 years ago, biopsy evaluation plays a 
central and important role for the diagnosis of BPS/
IC.  Mast cell hyperplasia and migration towards 
the ulcer bed or beneath the epithelium were evi-
dently characteristic for BPS/IC with Hunner’s 
lesion. BPS/IC without Hunner’s lesion and OAB, 
however, could not be distinguished by mast cell 
counts, activation or localization. Therefore, mast 
cell evaluation is not helpful for the diagnosis of 
BPS/IC, especially because BPS/IC with Hunner’s 
lesion can already be identified by cystoscopy. 
Other histological features, such as the sensory 
hyperinnervation, urothelial defects and lympho-
cytic infiltration are better histopathological crite-
ria to differentiate between BPS/IC and OAB.

The origin of BPS/IC still remains unknown. 
Thirty years ago, Aldenborg et al. ended their article 
by suggesting an infection or an allergic reaction as 
possible causes. These assumptions still remain 
valid, and very likely, causes are multifactorial. To 
find out, further studies are required. Research will 
also focus on the identification and adequate ther-
apy of early forms to prevent disease progression. A 
good diagnosis and treatment monitoring, e.g. 
based on robust objective histopathological mark-
ers, is mandatory to achieve these goals.

10.6	 �Questions

10.6.1	 �What Did We Get Right?

Thirty years ago:

•	 Assessment of bladder biopsies for diagnosis 
of BPS/IC.

•	 The finding that mast cell proliferation and 
migration towards the periphery and the epi-
thelium of the bladder wall is characteristic 
for “classic interstitial cystitis”.

10.6.2	 �Where Were We Off Base?

Time between 30 years ago and today:

•	 To define detrusor mastocytosis (>28  mast 
cells/mm2) per se as a criterion to assign 
a biopsy to the most severe category C 
(ESSIC).

•	 To base this criterion on a publication with 
outdated fixation and staining techniques.

10.6.3	 �What Seminal Publications 
Changed Our Thinking?

•	 Immunohistochemistry with antibodies 
against mast cell tryptase was equivalent or 
superior to toluidine staining [7].

•	 Detrusor mast cell counts were not a reliable 
diagnostic criterion for BPS/IC with Hunner’s 
lesion, and often, biopsies did not include suf-
ficient amounts of detrusor muscle for a thor-
ough evaluation [8].

•	 BPS/IC without Hunner’s lesion and OAB 
could not be distinguished by mast cell counts, 
activation or localization [8].

•	 BPS/IC and OAB can be distinguished by sen-
sory hyperinnervation, urothelial defects and 
lymphocytic infiltration [9].

10.6.4	 �Where Do We Go from Here?

•	 Use new molecular markers for the diagnosis 
of BPS/IC (biopsies, urine).

•	 To find out if non-lesional forms of BPS/IC 
are early forms or pre-stages of BPS/IC with 
Hunner’s lesion and to define targeted thera-
pies to prevent disease progression.

•	 To identify the origin of BPS/IC and to apply 
causal therapies.

M. Gamper et al.
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Diagnosis of Interstitial Cystitis: 
A Clinical, Endoscopic 
and Pathologic Approach

Joop P. van de Merwe

11.1	 �What Did We Get Right?

Criteria for the diagnosis of a disease are needed 
if the disease may be confused with other diseases 
due to overlapping features. This was clearly the 
case for interstitial cystitis (IC) 30  years ago. 
Therefore, the National Institute of Diabetes and 
Digestive and Kidney Disease (NIDDK) formu-
lated criteria for diagnosis in 1987 [1]. The NIDDK 
criteria were specifically designed for research. For 
research purposes, most scientists will only accept 
“certain” diagnoses. Consequently, patients had 
to fulfill many requirements for inclusion, while 
many conditions existed that excluded patients 
from a diagnosis. Research criteria, therefore, have 
a high specificity by design and, consequently, a 
low sensitivity. The definition of research criteria 
by the NIDDK can be considered to have been a 
milestone in the facilitation of research of IC. The 
NIDDK criteria have been widely used ever since, 
not only for research but also in clinical settings.

11.2	 �Where Were We off Base?

Despite the fact that the NIDDK criteria were 
never intended for the diagnosis of individual 
patients in clinical practice, they were often used 

as such. Not surprisingly, they were found to 
have a low sensitivity: they were fulfilled by only 
one third of patients thought to have IC by experts 
[2]. The low sensitivity for the diagnosis of IC 
had two serious consequences:

	1.	 Many patients who were considered by 
experts to suffer from IC, did not get this diag-
nosis (clinical problem). In general, “no diag-
nosis” means “no treatment” in clinical 
practice. Even if treatment is given in this situ-
ation, problems may exist with reimburse-
ment by insurance companies.

	2.	 The group of patients with a research diagno-
sis in no way formed a good representation of 
the disease in the population (research prob-
lem). Results obtained in these selected and 
non-representative patient groups were often 
incorrectly extrapolated to all patients with 
the disease.

11.3	 �What Seminal Publications 
Changed Our Thinking?

Three seminal publications changed our think-
ing on interstitial cystitis. It should be realized, 
however, that the results of studies of many 
investigators during the past 30 years paved the 
way for them. These publications were on 
standardization [3], diagnosis [4] and glomeru-
lations [5].
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11.3.1	 �Standardization

At a meeting in Kyoto (Japan) in 2003, aimed at 
producing an acceptable definition of IC, it 
became clear that the way IC patients were evalu-
ated differed enormously between centres [3]. 
Substantial differences in the approach to IC were 
also apparent between Europe and North America. 
As a specific definition of IC seemed unlikely if 
patient evaluation is not performed in a standard-
ized way, 23 European physicians interested in IC 
therefore met in Copenhagen in May 2003 in an 
attempt to reach a consensus on how to perform 
the evaluation of patients with suspected IC. The 
meeting was very fruitful and recommendations 
for medical history, physical examination, labora-
tory tests, symptom evaluation, urodynamics, 
assessment of maximum bladder capacity, cystos-
copy (technique, inspection, classification), and 
morphology (technique and number of biopsies, 
biopsy handling, mast cell counting) were 
accepted by all participants [3].

11.3.2	 �Diagnostic Criteria

At ESSIC meetings in Baden (Austria) in 2005 
and in London (United Kingdom) in 2006, the 
use of separate sets of criteria for clinical diagno-
ses and research was considered impractical and 
unwanted. Moreover, criteria should make diag-
noses possible in the great majority of—if not 
all—patients that were considered by experts to 
have the disease. ESSIC tried to solve these prob-
lems by following the way a diagnosis is usually 
made in clinical practice. This implied the fol-
lowing simplified steps (Fig. 11.1):

	1.	 Definition of patients who should be investi-
gated for interstitial cystitis/bladder pain syn-
drome (BPS).

	2.	 Definition of diseases with overlapping and/or 
similar features to BPS, the so-called confus-
able diseases. This is an important step as 
many of the confusable diseases can and/or 
should be treated and/or be cured.

	3.	 Patients in whom a confusable disease is 
unlikely to be the main cause of the symp-
toms and/or signs are further investigated for 
BPS.

	4.	 An important aspect is that all patients who 
fulfill step 1 are classified on the basis of the 
findings. To make this possible it became 
evident that this required definition of types 
of BPS based on the findings. Disease 
typing within a diagnosis is not new and has 
shown to have major advantages in 
malignancies.

11.3.2.1	 �Selection of Patients
It was agreed that further investigations for BPS 
should be done for patients with chronic 
(>6 months) pelvic pain, pressure, or discomfort 
perceived to be related to the urinary bladder 
accompanied by at least one other urinary 
symptom such as persistent urge to void or 
increased frequency.

PATIENT SELECTION

EXCLUSION OF CONFUSABLE DISEASES

CLASSIFICATION OF BPS

patient with chronic pelvic pain, pressure or discomfort
perceived to be related to the urinary bladder

accompained by at least one other urinary symptom
such as persistent urge to void or frequency

medical history, physical examination, urinanalysis, urine
culrures, PSA in males >40 yrs, uroflowmetry, post-void

residual urine volume by ultrasound scanning,
cystoscopy and biopsy

cystoscopy with hydrodistension1 and biospy if indicated

1 in the same session as the cystoscopy above if possible

symbol 1: cystoscopy findings

X: not done
1: normal
2: glomerulations grade II or
 III
3: Hunner’s lesion (with or
 without glomerulations)

symbol 2: biopsy findings

X: not done
A: normal

C: inflammatory infiltrates,
 granulation tissue, detrusor
 mastocytosis or intra-
 fascicular fibrosis

B: Inconclusive

Fig. 11.1  Schematic representation of the proposed steps 
in the diagnosis of bladder pain syndrome (BPS) includ-
ing patient selection, exclusion of confusable diseases and 
classification of BPS
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11.3.2.2	 �Confusable Disease: 
Diagnosis or Exclusion

Confusable diseases as the cause of the symp-
toms must be excluded. Table 11.1 shows the dis-
eases that were discussed and accepted as 
confusable diseases for BPS with an indication as 
to how they can be recognized or excluded. 
However, a diagnosis of a confusable disease 
does not necessarily exclude a diagnosis of 

BPS.  This is relevant for patients in whom 
treatment of the confusable disease does not 
resolve their urinary symptoms.

11.3.2.3	 �Classification of BPS
Consensus was obtained that hydrodistension at 
cystoscopy was a prerequisite for the documen-
tation of positive but not mandatory signs for 
the diagnosis of BPS, and if indicated also a 

Table 11.1  Confusable diseases for bladder pain syndrome (BPS)

Confusable disease Excluded or diagnosed bya

Carcinoma and carcinoma in situ Cystoscopy and biopsy

Infection with

  Common intestinal bacteria Routine bacterial culture

�  Chlamydia trachomatis, Ureaplasma urealyticum, Special cultures

  Mycoplasma hominis, Mycoplasma genitalium,

  Corynebacterium urealyticum, Candida species

  Mycobacterium tuberculosis Dipstick; if “sterile” pyuria culture for M. tuberculosis

  Herpes simplex and Human Papilloma Virus Physical examination

Radiation Medical history

Chemotherapy, including immunotherapy with 
cyclophosphamide

Medical history

Anti-inflammatory therapy with tiaprofenic acid Medical history

Bladder neck obstruction and neurogenic outlet 
obstruction

Uroflowmetry and ultrasound

Bladder stone Imaging or cystoscopy

Lower ureteric stone Medical history and/or haematuria: upper urinary tract imaging 
such CT or IVP

Urethral diverticulum Medical history and physical examination

Urogenital prolapse Medical history and physical examination

Endometriosis Medical history and physical examination

Vaginal candidiasis Medical history and physical examination

Cervical, uterine and ovarian cancer Physical examination

Incomplete bladder emptying (retention) Post-void residual urine volume measured by ultrasound 
scanning

Overactive bladder Medical history and urodynamics

Prostate cancer Physical examination and PSA

Benign prostatic obstruction Uroflowmetry and pressure-flow studies

Chronic bacterial prostatitis Medical history, physical examination, culture

Chronic non-bacterial prostatitis Medical history, physical examination, culture

Pudendal nerve entrapment Medical history, physical examination, nerve block may prove 
diagnosis

Pelvic floor muscle related pain Medical history, physical examination

CT computed tomography, IVP intravenous pyelogram, PSA prostate-specific antigen
aThe diagnosis of a confusable disease does not necessarily exclude a diagnosis of BPS

11  Diagnosis of Interstitial Cystitis: A Clinical, Endoscopic and Pathologic Approach
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biopsy to document histologic details of BPS 
[4]. Cystoscopic features that were accepted as 
positive signs of BPS were glomerulations 
grade 2–3 or Hunner lesions, or both. Histologic 
findings that were accepted as positive signs of 
BPS were inflammatory infiltrates and/or gran-
ulation tissue and/or detrusor mastocytosis and/
or intrafascicular fibrosis.Table 11.2 shows the 
proposed classification of types of BPS on the 
basis of findings at cystoscopy with hydrodis-
tension and of biopsies. It is likely that BPS 
types in individual patients may change over 
time.

11.3.2.4	 �Hunner Lesion
ESSIC realized that despite its name, Hunner’s 
ulcer is not a chronic ulcer but rather a distinc-
tive inflammatory lesion presenting a charac-
teristic deep rupture through the mucosa and 
submucosa provoked by bladder distension. 
The word ulcer suggests incorrectly that it can 
always be seen at cystoscopy without hydro-
distension. Consequently, ESSIC proposed to 
replace the name Hunner’s ulcer by Hunner 
lesion. The following definition by M. Fall was 
accepted: “The Hunner lesion typically presents 
as a circumscript, reddened mucosal area with 
small vessels radiating towards a central scar, 
with a fibrin deposit or coagulum attached to this 
area. This site ruptures with increasing bladder 
distension, with petechial oozing of blood from 
the lesion and the mucosal margins in a waterfall 
manner. A rather typical, slightly bullous edema 
develops post-distension with varying peripheral 
extension” [4].

11.4	 �Glomerulations

Recently, a systematic literature search showed 
no consistent relationship between glomerula-
tions and the diagnosis of bladder pain syndrome/
interstitial cystitis [5]. It also became evident that 
there were many contradictory results between 
the studies. Evidence was found that the grade of 
glomerulations changed with time. No link was 
found between the severity of symptoms and the 
number of glomerulations. There were studies 
that found glomerulations in healthy asymptom-
atic populations as well as in symptomatic popu-
lations with another primary diagnosis. One 
study showed no glomerulations in an asymp-
tomatic population. The results of the review are 
in line with previous considerations on glomeru-
lations [6].

11.5	 �Where Do We Go from Here?

11.5.1	 �Glomerulations 
and the Diagnosis of BPS

The recent conclusions from the systematic lit-
erature review on glomerulations [5] raises the 
question as to whether the finding of grade 2–3 
glomerulations should be removed from the 
ESSIC criteria for the diagnosis of 
BPS. Common sense suggests that they should 
be removed and the only consequence would be 
that glomerulations would be considered to be a 
normal finding and that all BPS types 2 will 
become BPS types 1.

Table 11.2  Classification of types of bladder pain syndrome on the basis of findings at cystoscopy with hydrodisten-
sion and of biopsies

Cystoscopy with hydrodistension

Not done Normal Glomerulationsa Hunner’s lesionb

Biopsy Not done XX 1X 2X 3X

Normal XA 1A 2A 3A

Inconclusive XB 1B 2B 3B

Positivec XC 1C 2C 3C
aCystoscopy: glomerulations grade 2–3
bWith or without glomerulations
cHistology showing inflammatory infiltrates and/or detrusor mastocytosis and/or granulation tissue and/or intrafascicu-
lar fibrosis
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In general, symptoms and signs for use in 
diagnostic criteria do not need to be specific for 
the disease in question. On the contrary, if a spe-
cific symptom or sign existed for the disease, a 
diagnosis would only require the presence of the 
specific feature and diagnostic criteria would not 
be necessary [7].

From a scientific viewpoint, however, there 
are severe objections to removal of them from the 
criteria at this stage. The reason is that the 
reviewed studies on glomerulations were not 
designed to answer the question as to whether or 
not glomerulations should have a place in diag-
nostic criteria. Consequently, the review does not 
allow conclusions on the value of glomerulations 
in the ESSIC criteria. Moreover, there is no 
world-wide consensus on the significance of glo-
merulations for the diagnosis and prognosis of 
BPS/IC. The ESSIC criteria for the diagnosis of 
BPS are an excellent tool to answer the question 
on the value of glomerulations for the diagnosis 
and prognosis of BPS types in future studies. 
Removal of glomerulations from the criteria 
would make this almost impossible.

11.5.1.1	 �BPS Type 3C
BPS type 3C is identical to what used to be called 
interstitial cystitis with Hunner’s ulcer or 
Hunner’s type. Several investigators suggest to 
remove BPS type 3C from the current ESSIC 
BPS types and consider it as a separate disease 
with the preferred name of interstitial cystitis. 
There are several arguments against such a 
change at this stage. Previously ESSIC reached 
consensus on changing the name of interstitial 
cystitis into bladder pain syndrome (BPS) 
because the name BPS was in line with the other 
chronic pelvic pain syndromes and was in bal-
ance with the clinical presentation of the syn-
drome and the level of knowledge of its 
pathophysiology [4]. Moreover, the name inter-
stitial cystitis had become meaningless because 
of the complete lack of a working definition. 
Knowledge concerning the etiology and patho-
physiology has not significantly changed over the 
last 10  years for any of the BPS types. 
Nevertheless, it is evident that patients with BPS 
type 3C represent a more homogeneous and bet-

ter defined patient group than any of the other 
BPS types. It is likely that such a group probably 
gives a better possibility to detect etiologic and/
or pathogenic mechanisms.The ESSIC criteria 
for the diagnosis of BPS are an excellent tool to 
answer the question as to whether BPS type 3C is 
different disease to other BPS types once new 
findings on the cause of BPS become apparent.

11.5.1.2	 �Course of BPS
Little is known on the natural course of the various 
BPS types. It is not known whether BPS type 3C is 
preceded by any of the other types or vice versa. 
Such studies would be prone to biases by the fact 
that Hunner lesions may go undetected when cys-
toscopy is performed without hydrodistension.

In addition, little is known regarding the 
response to treatment and prognosis for different 
BPS types. Here too, the ESSIC criteria for the 
diagnosis of BPS are an excellent tool to answer 
questions as to whether there is a relationship 
between BPS types and clinical course, response 
to treatment and prognosis.
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Diagnosis of Interstitial Cystitis: 
A Comment on Glomerulations

Gjertrud Egge Wennevik

12.1	 �What Did We Get Right?

Thirty years ago Sant recognized that glomeru-
lations were not pathognomonic for BPS. And 
it was recognized that glomerulations were 
present in many other conditions such as radia-
tion cystitis and carcinoma in situ. This is still 
true today. And studies published in recent 
years showed that glomerulations also appear 
in a range of other conditions, such as upper 
urinary tract stones, BPH/LUTS and prostati-
tis, as well as in asymptomatic populations 
[1–6].

Sant also argues that cystoscopic findings fre-
quently do not correlate with symptoms or 
response to treatment. This stance has not been 
challenged in the last 30 years when considering 
glomerulations. Recent studies have not shown 
any link between severity of symptoms and the 
grade of glomerulations [7–10].

Cystoscopy should still be a prerequisite for 
establishing the diagnosis of BPS, as the diag-
nosis of carcinoma in situ, and other confusable 
diseases as recommended by the ESSIC consen-
sus should be ruled out before making the 
diagnosis.

12.2	 �Where Were We Off Base?

Glomerulations, although present in many patients 
with BPS, is not considered a hallmark of BPS 
syndrome anymore [11]. Countless studies have 
demonstrated the presence of glomerulations in 
patients without symptoms of BPS, and they can-
not be linked to severity of symptoms or bladder 
capacity under anesthesia. Also some studies sug-
gest that up to 35% of a population with BPS did 
not have glomerulations [12, 13]. These studies 
indicate that the occurrence of glomerulations no 
longer have any value in clinical diagnostics of 
BPS [11].

12.3	 �Which Seminal Publications 
Changed Our Thinking?

Waxman et  al. 1998 published the first double 
blinded study where the occurrence of glomerula-
tions was studied in an asymptomatic population 
[1]. This study found the prevalence to be as high 
in the symptomatic group as in the asymptom-
atic. Although this study was published in 1998, 
there has been no repeat blinded study looking 
for glomerulations in asymptomatic popula-
tions, but in later years several studies have been 
published that show glomerulations in patients 
with other urological conditions, such as BPH/
LUTS. Another important study was conducted 
by Wyndaele et  al., who found that 24% of 
patients with severe BPS symptoms had no glo-
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merulations [10]. Also Simon et al., and Richter 
et al. showed that the occurrence of glomerula-
tions in patients with BPS vary greatly [12, 13].

Recently a large number of studies were sum-
marized in an in-depth review by Wennevik et al. 
The authors of this review suggested that glomer-
ulations are not related specifically to BPS, nor 
are they useful clinically in diagnosis, prognosis, 
or selection of therapy.

12.4	 �Where Do We Go from Here?

Glomerulations as we understand them now 
have no clinical significance, and should not be 
used diagnostically or for phenotyping. Further 
research should be conducted to investigate if 
glomerulations have any significance in ways we 
do not fully understand today. Perhaps they are 
involved in pathophysiology in some patients? 
We can conclude however that glomerulations 
should not be used clinically before we have 
more insight.
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Diagnosis of Interstitial Cystitis

Jörgen Quaghebeur

The term ‘interstitial cystitis’ has been replaced 
by BPS introducing a new nomenclature, based 
on diagnostic and classification criteria [1, 2].

The etiology of IC/BPS is poorly understood, 
and its pathogenesis may involve multiple path-
ways leading to a common clinical entity [3].

Frequency, urgency and pain on bladder filling 
are the most common symptoms of BPS.  All 
urodynamic volumes are reduced. Associated con-
ditions include psychological distress, depression, 
history of sexual assault, irritable bowel syndrome 
and fibromyalgia. Cystoscopy remains the test for 
definitive diagnosis, with visualization of hemor-
rhage on cystoreduction. A multidisciplinary treat-
ment approach is essential in the management of 
this condition [4]. An association between anxiety 
disorder (AD) and IC/BPS has been shown. 
Clinicians should evaluate and monitor the pres-
ence of IC/BPS in patients with AD [5]. Sexual 
dysfunction was an important component of IC/
BPS phenotype, and adding a sexual dysfunction 
domain to the UPOINT system improved the asso-
ciation with IC/BPS symptom severity [6].

No structural ANS abnormalities in IC/BPS 
subjects have been shown. Higher baseline heart 
rate (HR) supports the concept of functional 
rather than structural change in the ANS, such as 

abnormality of sympathetic/parasympathetic bal-
ance that will require further evaluation [7]. 
Altered sensory processing in patients with IC/
BPS may result from a deficiency of the central 
nervous system to adequately filter incoming vis-
ceral afferent information [8]. White matter 
abnormalities closely correlated with symptoms 
of IC/BPS, including bladder pain and urinary 
symptoms. These anatomical brain alterations 
suggest that there are neuropathological contri-
butions to chronic urological pelvic pain [9]. 
Changes in somatosensory gray matter may have 
an important role in pain sensitivity as well as 
affective and sensory aspects of interstitial cysti-
tis [10]. Women with IC/BPS have a sensorimo-
tor component to the pathological condition 
involving an alteration in intrinsic oscillations 
and connectivity in a cortico-cerebellar network 
previously associated with bladder function [11].

The classic type of interstitial cystitis with 
Hunner’s lesions, bladder pain syndrome type 3C 
according to current terminology, stands out as a 
well-defined phenotype; it has to be evaluated 
separately in clinical studies and practice, as treat-
ment requirements differ importantly between 
this and other phenotypes [12].

Publications did not indicate specific ques-
tionnaires able to show symptom differences 
between type 3C and non-type 3C BPS. Literature 
presents no questionnaires able to differentiate 
subtypes of BPS (e.g. type 3C and non-type 3C 
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BPS). We suggest using the ESSIC guideline to 
differentiate between subgroups in BPS [13, 14].

A thorough clinical assessment including a 
‘four step protocol’ for investigation of CPPS has 
been proposed, aiming to obtain supplementary 
information to refine the therapeutic management. 
The ‘four step protocol’ involves: (step 1) a careful 
history with questioning for complaints in other 
systems. The evaluation of previous assessments 
and reports (step 2). Step 3 involves an extensive 
clinical assessment (e.g. neurological, hernia’s 
(e.g. inguinal, Spighelian), an assessment the 
external sex organs and the small pelvis via rectal 
and vaginal ways). The extensive clinical assess-
ment of the musculoskeletal system (step 4) 
includes an assessment of the full spine and pelvic 
girdle. Muscular pain, tendons and pain points 
have to be determined. Attention for emotional 
consequences as a result of the chronic suffering is 
important assessing patients with CPPS [14–17].

Analysis of multiple urinary proteins and 
serum cytokines could provide a diagnostic basis 
for IC/BPS, and could be a tool for the differential 
diagnosis of IC/BPS and other sensory bladder 
disorders [18]. Urodynamic tests, cystoscopy and 
hydrodistension, biopsies and pathologic evalu-
ation are in the process of finding a place in the 
diagnostic tree [19]. Correlations between cys-
toscopic findings, maximal bladder capacity and 
bladder histology were found [20]. Over active 
bladder (OAB) and IC/BPS are different symp-
toms complexes that share urgency as a common 
symptom. None of them have a specific symptom 
although pain on bladder filling is the hallmark 
symptom in IC/BPS [21]. There is considerable 
overlap of self-reported symptoms between IC/
BPS and OAB. This overlap raises the possibility 
that the two conditions represent a continuum of 
a bladder hypersensitivity syndrome [22].

Analysis of multiple urinary proteins and 
serum cytokines could provide a diagnostic basis 
for IC/BPS, and could be a tool for the differen-
tial diagnosis of IC/BPS and other sensory blad-
der disorders [18, 23, 24]. Urinary nerve growth 
factor (NGF) but not prostaglandin E2 increases 
in patients with IC/BPS and detrusor overactivity 
[25]. There is an increased level of NGF in the 
IC/BPS patients [26].

One of the most common findings in IC blad-
ders is denudation or thinning of the bladder epi-
thelium, suggesting an altered regulation of 
urothelial homeostasis [27]. Glomerulations 
should be included in the diagnosis or phenotyp-
ing of IC/BPS.  Glomerulations do not correlate 
with symptoms and are found in patients without 
IC/BPS [28]. Sensory hyperinnervation and basal 
urothelial p75NTR staining together with assess-
ment of inflammatory lymphocytes and urothelial 
integrity allow the differentiation of IC/BPS and 
overactive bladder syndrome, even in the absence 
of Hunner lesions. Furthermore, these histopatho-
logical criteria enable the identification of early 
disease stages or oligo−/a-symptomatic cases, 
and may permit timely treatment to prevent dis-
ease progress [29].

Mast cell counting should be done in a stan-
dardized way and the pathology report should 
include several data as proposed before [19]. 
Twenty seven mast cells/mm2 is considered indic-
ative of mastocytosis [30]. Mast cell density does 
not appear to correlate with duration of symptom 
amelioration after complete transurethral resec-
tion of Hunner’s lesions [31]. Subepithelial mast 
cell distribution was characteristic of IC/BPS with 
Hunner lesions. Detrusor mastocytosis had poor 
predictive value for IC/BPS. Mast cell assessment 
did not distinguish IC/BPS without Hunner 
lesions from overactive bladder syndrome [32].

References

	 1.	Nordling J, Wyndaele JJ, van de Merwe JP, 
Bouchelouche P, Cervigni M, Fall M, editors. Bladder 
pain syndrome: a guide for clinicians. New  York: 
Springer; 2013. p. 389.

	 2.	van de Merwe JP, Nordling J, Bouchelouche P, 
Bouchelouche K, Cervigni M, Daha LK, Elneil S, 
Fall M, Hohlbrugger G, Irwin P, Mortensen S, van 
Ophoven A, Osborne JL, Peeker R, Richter B, Riedl C, 
Sairanen J, Tinzl M, Wyndaele JJ. Diagnostic criteria, 
classification, and nomenclature for painful bladder 
syndrome/interstitial cystitis: an ESSIC proposal. Eur 
Urol. 2008;53:60–7.

	 3.	Arora HC, Shoskes DA.  The enigma of men with 
interstitial cystitis/bladder pain syndrome. Transl 
Androl Urol. 2015;4:668–76.

	 4.	Offiah I, McMahon SB, O'Reilly BA. Interstitial cys-
titis/bladder pain syndrome: diagnosis and manage-
ment. Int Urogynecol J. 2013;24:1243–56.

J. Quaghebeur



67

	 5.	Chung KH, Liu SP, Lin HC, Chung SD. Bladder pain 
syndrome/interstitial cystitis is associated with anxi-
ety disorder. Neurourol Urodyn. 2014;33:101–5.

	 6.	Liu B, Su M, Zhan H, Yang F, Li W, Zhou X. Adding 
a sexual dysfunction domain to UPOINT system 
improves association with symptoms in women with 
interstitial cystitis and bladder pain syndrome. Urol. 
2014;84:1308–13.

	 7.	Chelimsky G, McCabe NP, Janata J, Elston R, Zhang 
L, Ialacci S, Chelimsky T.  Autonomic testing of 
women with interstitial cystitis/bladder pain syn-
drome. Clin Auton Res. 2014;24:161–6.

	 8.	Kilpatrick LA, Ornitz E, Ibrahimovic H, Hubbard 
CS, Rodriguez LV, Mayer EA, Naliboff BD. Gating 
of sensory information differs in patients with inter-
stitial cystitis/painful bladder syndrome. J Urol. 
2010;184:958–63.

	 9.	Farmer MA, Huang L, Martucci K, Yang CC, Maravilla 
KR, Harris RE, Clauw DJ, Mackey S, Ellingson 
BM, Mayer EA, Schaeffer AJ, Apkarian AV.  Brain 
white matter abnormalities in female interstitial 
cystitis/bladder pain syndrome: a MAPP Network 
Neuroimaging Study. J Urol. 2015;194:118–26.

	10.	Kairys AE, Schmidt-Wilcke T, Puiu T, Ichesco E, Labus 
JS, Martucci K, Farmer MA, Ness TJ, Deutsch G, Mayer 
EA, Mackey S, Apkarian AV, Maravilla K, Clauw DJ, 
Harris RE.  Increased brain gray matter in the primary 
somatosensory cortex is associated with increased pain 
and mood disturbance in patients with interstitial cystitis/
painful bladder syndrome. J Urol. 2015;193:131–7.

	11.	Kilpatrick LA, Kutch JJ, Tillisch K, Naliboff BD, 
Labus JS, Jiang Z, Farmer MA, Apkarian AV, Mackey 
S, Martucci KT, Clauw DJ, Harris RE, Deutsch G, 
Ness TJ, Yang CC, Maravilla K, Mullins C, Mayer 
EA. Alterations in resting state oscillations and con-
nectivity in sensory and motor networks in women 
with interstitial cystitis/painful bladder syndrome. J 
Urol. 2014;192:947–55.

	12.	Fall M, Logadottir Y, Peeker R.  Interstitial cystitis 
is bladder pain syndrome with Hunner's lesion. Int J 
Urol. 2014;21:79–82.

	13.	Quaghebeur J, Wyndaele JJ.  Bladder pain syn-
drome (BPS): symptom differences between type 
3C BPS and non-type 3C BPS.  Scand J Urol. 
2015;49:319–20.

	14.	Quaghebeur J, Wyndaele JJ. A review of techniques 
used for evaluating lower urinary tract symptoms and 
the level of quality of life in patients with chronic pel-
vic pain syndrome. Itch Pain. 2015;2:e659.

	15.	Fall M.  The complexity of chronic pelvic pain. 
In: Defoe® editor, ESSIC, 2015 Abstract book 
International Society for the Study of interstitial cys-
titis/bladder pain syndrome. Italy; 2015. p. 3–4.

	16.	Quaghebeur J.  Research on diagnostic techniques 
used in CPPS patients. Wilrijk, Faculty of Medicine 
and Health Sciences. Doctor in Medical Sciences, 
Antwerp University; 2015. p. 149.

	17.	Quaghebeur J, Wyndaele JJ. Chronic pelvic pain syn-
drome: role of a thorough clinical assessment. Scand 
J Urol. 2015;49:81–9.

	18.	Kuo HC.  Potential urine and serum biomarkers for 
patients with bladder pain syndrome/interstitial cys-
titis. Int J Urol. 2014;21:34–41.

	19.	Wyndaele JJ. Evaluation of patients with painful blad-
der syndrome/interstitial cystitis. Scientific World J. 
2005;5:942–9.

	20.	Wyndaele JJ, Van Dyck J, Toussaint N. Cystoscopy 
and bladder biopsies in patients with bladder pain 
syndrome carried out following ESSIC guidelines. 
Scand J Urol Nephrol. 2009;43:471–5.

	21.	Castro-Diaz D, Cardozo L, Chapple CR, Espuna M, 
Kelleher C, Kirby M, Milsom I, Sievert KD, Tubaro 
A. Urgency and pain in patients with overactive blad-
der and bladder pain syndrome. What are the differ-
ences? Int J Clin Pract. 2014;68:356–62.

	22.	Lai HH, Vetter J, Jain S, RWt G, Andriole GL. The 
overlap and distinction of self-reported symptoms 
between interstitial cystitis/bladder pain syndrome 
and overactive bladder: a questionnaire based analy-
sis. J Urol. 2014;192:1679–85.

	23.	Hanno P. Editorial comment from Dr Hanno to poten-
tial urine and serum biomarkers for patients with 
bladder pain syndrome/interstitial cystitis. Int J Urol. 
2014;21:41.

	24.	Yoshimura N. Editorial comment from Dr Yoshimura 
to potential urine and serum biomarkers for patients 
with bladder pain syndrome/interstitial cystitis. Int J 
Urol. 2014;21:42.

	25.	Liu HT, Tyagi P, Chancellor MB, Kuo HC. Urinary 
nerve growth factor but not prostaglandin E2 
increases in patients with interstitial cystitis/bladder 
pain syndrome and detrusor overactivity. BJU Int. 
2010;106:1681–5.

	26.	Chen W, Ye DY, Han DJ, GQ F, Zeng X, Lin W, 
Liang Y. Elevated level of nerve growth factor in the 
bladder pain syndrome/interstitial cystitis: a meta-
analysis. Spring. 2016;5:1072.

	27.	Ke QS, Kuo HC. Pathophysiology of interstitial cysti-
tis/bladder pain syndrome. Tzu Chi Medical Journal. 
2015;27:139–44.

	28.	Wennevik GE, Meijlink JM, Hanno P, Nordling J. The 
role of glomerulations in bladder pain syndrome: a 
review. J Urol. 2016;195:19–25.

	29.	Regauer S, Gamper M, Fehr MK, Viereck V. Sensory 
hyperinnervation distinguishes bladder pain syn-
drome/interstitial cystitis from overactive bladder 
syndrome. J Urol. 2016;197:159–66.

	30.	Larsen MS, Mortensen S, Nordling J, Horn T. 
Quantifying mast cells in bladder pain syndrome by 
immunohistochemical analysis. BJU Int. 2008;102: 
204–7. discussion 7

	31.	Rössberger J, Fall M, Gustafsson CK, Peeker R. Does 
mast cell density predict the outcome after transure-
thral resection of Hunner's lesions in patients with 
type 3C bladder pain syndrome/interstitial cystitis? 
Scand J Urol Nephrol. 2010;44:433–7.

	32.	Gamper M, Regauer S, Welter J, Eberhard J, 
Viereck V. Are mast cells still good biomarkers for 
bladder pain syndrome/interstitial cystitis? J Urol. 
2015;193:1994–2000.

13  Diagnosis of Interstitial Cystitis



69© Springer International Publishing AG 2018 
P.M. Hanno et al. (eds.), Bladder Pain Syndrome – An Evolution,  
https://doi.org/10.1007/978-3-319-61449-6_14

Commentary on Sant Chapter: 
30 Years on!

Grannum R. Sant

14.1	 �30-Year Historical Overview 
of Interstitial Cystitis (IC)

2017 is the 30th anniversary of the First NIH-
NIDDK Conference on Interstitial Cystitis that 
was held in at the NIH in Bethesda, Maryland, 
USA in August 1987. It is thus an appropriate 
and opportune time to review progress made over 
the last three decades in the understanding of this 
still enigmatic disease and to highlight progress 
in understanding the disease pathophysiology, 
epidemiology, diagnosis and treatment.

Prior to the August 1987 NIH Workshop on 
IC, there was scant attention paid in medical and 
urological circles to IC with the generally held 
view that IC was a “psychosomatic disease”. This 
nihilistic diagnostic and therapeutic consensus 
only began to change with the formation of the 
Interstitial Cystitis Association (ICA) by Vicki 
Ratner MD in 1984. The first urology journal 
Supplement exclusively devoted to IC was pub-
lished in April 1987 [1] 4 months before the land-
mark NIH Workshop that defined IC for “research 
studies” [2].

The number of publications on IC has 
increased exponentially since the watershed year 
of 1987—first Journal Supplement and NIH 

Workshop. PubMed publications in the 5-year 
period 1982–1987 were 181 increasing to 314 
between 1988–1993 and 1129 in the most recent 
5-year period.

Since 1987 millions of dollars have been com-
mitted by the NIH-NIDDK to fund studies of IC 
and many pharmaceutical and biotechnology 
companies have endeavoured to develop innova-
tive treatments for patients suffering from 
IC. Disappointingly, in spite of the government, 
industry and foundation funding and the explo-
sion of publications no new IC treatment has 
achieved FDA regulatory approval in the United 
States (US) since Elmiron (pentosan polysulfate 
sodium) in 1996–21 years ago (see Table 14.1). 
The only other treatment for IC approved in the 
USA is intravesical dimethyl sulfoxide (DMSO) 
approved in 1978—the year that the non-ulcer 
form of IC was described by Messing and Stamey 
from Stanford University.
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Emeritus Professor and former Chairman of the 
Department of Urology, Tufts University School 
of Medicine, Boston, MA 02111, USA
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Table 14.1  Abbreviated IC timelines summary

�•  1978 Non-ulcer IC described

�• � 1984 Formation of Interstitial Cystitis Association 
(ICA) patient advocacy group

�• � 1987 First urology Journal Supplement devote to IC

�• � 1990 First Conference Proceedings book on IC 
(Springer–Verlag)

�•  1997 First IC textbook (Lippincott)

�•  FDA drug approvals

� –  Intravesical DMSO 1978

� –  Oral Pentosanpolysulfate (Elmiron) 1996
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14.2	 �What We Got Right?

Despite the current demonstrable unmet medical 
patient need for new therapies there are many 
issues that the field got right. IC is no longer 
regarded as an orphan disease as it was in 1987 
and multiple studies have shown that it is not 
uncommon in men—frequently misdiagnosed as 
prostatodynia and/or non-bacterial prostatitis.

The global awareness of the disease has 
improved significantly with ongoing research and 
patient education activities extending from the US 
to Europe, South America, Asia- Pacific, India 
and South Africa. There have been special journal 
issues on IC published with the most recent the 
October and December issues of Translational 
Andrology and Urology (TAU) in 2015.

14.3	 �What We Got Wrong?

In 1987 the majority opinion among urologists 
was that diagnosis required a cystoscopy under 
anesthesia (“glomerulations”, Hunner’s ulcers) 
and biopsy showing pathologic inflammation 
(“cystitis”) of the bladder wall. Currently IC is a 
diagnosis of exclusion of known bladder diseases 
(bacterial infection, cancer, carcinoma-in-situ) 
and based on a symptom complex similar to that 
of the overactive bladder syndrome (OAB). 
Recently the distinction between ulcer (Hunner) 
and non-ulcer forms of the disease have gained 
some cachet as it may well be that both forms 
have distinct pathophysiology and treatments?

The diagnostic criteria for research studies of 
IC defined at the 1987 NIH Workshop [2] has 
been confined to the dustbin of history and has 
been replaced by a symptom-based definition and 
exclusion of known bladder disease.

Another paradigm shift from 30  years ago 
has to do with pathophysiology and disease pro-
gression—namely, is IC a primary bladder dis-
ease or a pelvic floor disease? Originally it was 
thought that IC starts in the bladder (altered blad-
der wall permeability) leading to bladder wall 
inflammation (“interstitial cystitis”) and subse-
quent up-regulation of the sensory nerves in the  

sub-urothelium, pelvic floor, pelvic organs 
(bowel, female genital organs) and lower spinal 
cord. Current thoughts on pathobiology focus on 
IC as a component of a pelvic pain syndrome and 
hence the additional definitions of Bladder Pain 
Syndrome (BPS), Painful Bladder Syndrome 
(PBS) and Hypersensitive Bladder (HSB) [3].

14.4	 �What’s in a Name—
Nomenclature “Redux”?

IC has been defined and redefined by multiple 
regional organizations (US, Europe, Asia Pacific) 
and no consensus terminology has emerged. The 
confusing stew of definitions—Interstitial Cystitis 
(IC), Painful Bladder Syndrome (PBS), Bladder 
Pain Syndrome (BPS) and Hypersensitive Bladder 
(HSB) has resulted in a lack of uniformity of dis-
ease definition and a degree of confusion for clini-
cians, researchers, patients and reimbursement 
authorities.

This definitional “over-reach” is regrettable 
and confusing for patients, reimbursement enti-
ties, epidemiologists and healthcare systems (see 
Table 14.2).

Not all IC patients have bladder or pelvic pain 
although they complain of urgency and supra-
pubic discomfort. In my clinical experience about 
one third of IC patients do not have pain. This 
begs the question as to the use of pain (in Bladder 
Pain Syndrome) and painful (as in Painful 
Bladder Syndrome) in the various names/defini-
tions of interstitial cystitis. Is it time for all global 
organizations and societies to come together and 
agree upon a simple and unified definition of IC? 

Table 14.2  A personal wish list for the next 5–10 years

�•  Definitional parsimony with a single disease name

�• � Increased human studies (symptoms, tissue etc.)

�• � Application of new genomic/precision medicine 
tools

�•  Better understanding of disease pathophysiology

�•  Is IC a primary bladder or pelvic disease?

�•  Is ulcer IC different from non-ulcer IC?

�• � Regulatory approval of new oral/intravesical 
therapies
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The relationship of IC to OAB needs clarifica-
tion. Is IC a pain subset of OAB or can IC be 
categorized into two subsets—with and without 
pelvic pain? Hopefully the NIH-NIDDK MAPP 
research network can clarify and categorize IC 
subsets.

A review of the 30-year history of the 
Interstitial Cystitis Association (ICA) patient 
advocacy group highlights lessons learnt regard-
ing the value of advocacy groups to patients, cli-
nicians, researchers and funding agencies. The 
confusing proliferation of disease definitions for 
IC is cogently articulated and effectively chal-
lenged by the founder of the International Painful 
Bladder Foundation (IPBF) [3]. Hopefully her 
recent plea for a “patient-centered” standardiza-
tion does not fall on deaf ears!

Awareness of the disease has increased as a 
result of the sterling work and contribution of 
various patient advocacy groups in public educa-
tion and political lobbying and the increased 
funding of IC research worldwide. Sadly the 
large amount of basic science and other research, 
mainly funded by the National Institutes of 
Health (NIH-NIDDK) has not translated into any 
new FDA drug approval since 1996 when sodium 
pentosanpolysulfate was approved based on its 
Phase 3 registration study [4].

My personal IC wish list for the next 5–10 
years is tablulated in Table 14.2.

14.5	 �Important Publications 
in Last 30 Years—Personal 
Selection

Since the NIH-NIDDK Workshop on IC in the 
summer of 1987 there has been an explosion of 
interest and scientific/medical publications on the 
disease Interstitial Cystitis (IC).

Following is a brief summary of important 
publications in the last 30 years. Since the publi-
cation of the first textbook on IC in 1997 [5], 
there has been no further editions, updates or 
other textbooks. This is a void that needs filling.

The validation of the O’Leary-Sant question-
naire [6] resulted in near universal acceptance of 

this patient reported outcomes measure as a 
quantifiable endpoint in clinical studies of IC.

Interstitial cystitis in men has been repeatedly 
described and most men with non-bacterial pros-
tatitis/prostatodynia are now felt to be suffering 
from IC [7].

The 2012 randomized trial of myofascial 
physical therapy [8] cemented the place of this 
treatment modality in the therapeutic armamen-
tarium and supported the thinking that IC/BPS 
was a pelvic rather than a primary bladder 
disease.

The American Urological Association guide-
lines publication on diagnosis and treatment of 
IC/BPS was widely acclaimed both upon its ini-
tial publication and recent update in 2015 [9].

A multi-disciplinary approach to diagnosis 
and treatment of IC is now standard in many IC 
clinics and referral centers worldwide. The 
Beaumont Hospital group in Michigan, USA has 
been one of the original proponents of this holis-
tic approach [10].

14.6	 �Summary and Conclusions

The last 30  years of research and increased 
awareness of the disease has resulted in only one 
drug approval in the USA in 1996. This is disap-
pointing especially from the patient and patient 
advocacy perspectives. Researchers, funders, cli-
nicians and patients need to come together to 
reset the research agenda and speed up the 
research ecosystem for moving from basic sci-
ence to translational research and transfer into 
the clinic. The long-suffering IC patient deserves 
no less in 2017.
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Neuro-Urologic Evaluation 
in Interstitial Cystitis

Jean Jacques Wyndaele

There has been quiet an evolution about 
knowledge of BPS since Ed McGuire wrote this 
chapter.

The terminology has changed, the value of 
different tests has become clearer. The interna-
tional understanding of BPS as “symptom syn-
drome” and not “disease” has opened new 
perspectives, and created new challenges.

As BPS is a syndrome with symptoms found in 
many different conditions, a stepwise diagnosis is 
needed, which starts with the clinical possibility 
that the patient suffers from BPS, the performance 
of consequent tests to exclude confusable dis-
eases, putting all data together in order to define 
which type of BPS pathology is present and lead-
ing to the best decision for what should be the pri-
mary treatment, and eventually further steps.

It is a fact that pain is the major symptom. 
Sensation is subjective, and pain sensation per 
definition will show very different levels and 
localisations depending on the individual. Is it 
nociceptive pain or rather neuropathy? Its subjec-
tivity does not mean that symptom reporting is 
unreliable or not valid. It is the main thing avail-
able to indicate that there is a pain causing condi-
tion in the pelvic region. Problematic may be that 
tests can grade and better define the pain but not 
prove that pain actually exists.

15.1	 �What Did We Get Right?

Neuro-urological diagnostic techniques have so 
far fairly little to offer in the investigation of BPS 
patients, beside for excluding other conditions.

That differential diagnosis with Overactive 
Bladder can be important in patients complaining 
of urgency and frequency, and discomfort is 
correct.

It has been shown that hyperactivity of the 
striated pelvic muscles/urethral sphincter is pres-
ent in many BPS patients. It remains uncertain if 
this is cause, consequence or both.

That BPS patients mostly show discomfort 
when the bladder is filled to smaller than con-
sidered normal volumes is correct. But not in 
all patients such a relation can be seen. Though 
several pathophysiological mechanisms have 
been hypothesized the exact cause of this 
increased sensation remains uncertain.

It is likely that different types of sensory 
innervation play and that sensory information 
which leads to bladder contraction is different 
from the pain related mechanisms.

The limited role of urodynamic tests is 
accepted by many, though considered important 
in the differential diagnosis with OAB.

Patients with BPS but with normal bladder 
capacity under anaesthesia are not rare. There is no 
evidence that the cases with general macroscopic 
pathology of the bladder wall or with Hunner 
lesion relate to different neurologic dysfunctions. 
It needs to be better studied if patients with 
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different diagnostic findings need to be treated dif-
ferently. That treatment does anything more than 
influence the symptomatic expression of the dis-
ease rather than cure the condition is likely. If 
spontaneous cure may happen is uncertain.

15.2	 �Where Were We off Base?

The neuro-urologic evaluation as described high-
lights some important reflexions, but focus, based 
on the knowledge at that time, was somewhat 
missing. Since publication quite a lot of new 
knowledge has been acquired.

The terminology “sensory urgency “and 
“motor urgency “has been abandoned. The latest 
terminology reports [1, 2] describe genitourinary 
pain syndromes as constellations, or varying 
combinations of symptoms, which cannot be 
used for precise diagnosis.

All bladder pain syndromes are chronic in 
their nature. Pain is the major complaint but con-
comitant complaints are of LUT, bowel, sexual or 
gynecological nature. The suprapubic pain may 
be related to bladder filling, accompanied by 
other symptoms such as increased daytime and 
night-time frequency, in the absence of proven 
urinary infection or other obvious pathology.

The knowledge on the innervation related to 
BPS in primary order, second order, third order 
neurons and in the brain has been extensively 
described [3]. The different stages in develop-
ment of the pain: local >peripheral > central > 
cerebral, known for a long time in other pain con-
ditions [4] are present also in BPS. The impor-
tance of making an early diagnosis follows from 
this, as well as the need to study the influence of 
duration of the disease on different treatment suc-
cess. Combination treatments for peripheral and 
central can be worthwhile [5].

An oversimplified view on the different neu-
rogenic structures involved in BPS pain is not 
valid anymore. Several things can be men-
tioned: myelinated mechanoreceptive fibers in 
the bladder wall also possess chemoreceptive 
properties [6]; mechanoinsensitive C fibers 
may become mechanosensitive during inflam-
mation, probably providing a substrate for 

hypersensitivity (pain, urgency) at lower blad-
der content [7]. The innervation related to sig-
naling pain from the pelvic region runs not only 
in the pelvic plexus, but also in the hypogastric 
nerves [8]. It need to be explored if such animal 
findings are also happening in humans with 
BPS. The effects of intravesical vanilloids, and 
of oxybutinin give credit to this hypothesis [9, 
10]. It needs to be developed further how the 
increased knowledge in basic findings can help 
improving the phenotyping and choice of treat-
ment modalities.

Best ways to diagnose have been looked at in 
International Guidelines (as AUA, mentioned 
here). “Recommended are a basic assessment 
including a careful history, physical examination, 
and laboratory examination in order to rule in 
symptoms that characterize IC/BPS and rule out 
other confusable disorders. Baseline voiding 
symptoms and pain levels should be obtained in 
order to measure subsequent treatment effects. 
Cystoscopy and/or urodynamics should be con-
sidered as an aid to diagnosis only for complex 
presentations”.

ESSIC has developed clear guidelines [11] 
which have been validated by several groups 
[12, 13].

Beside the reporting of symptoms by the 
patients, Questionnaires are frequently used to 
make data more uniform and make evaluation of 
the impact of symptoms on quality of life more 
clear. By filling out most used questionnaires 
(Mc Gill PQ, MPQ-DLV, PDI, NIH-CPS, ICSI 
and PUF a wide variety of symptoms and a nega-
tive impact of quality of life were found [14]. 
Both genders had the same lower urinary tract 
symptoms. Women were less sexually active and 
had a significantly higher negative impact on the 
level of quality of life. But when comparing the 
most used questionnaires, very different results 
can be found. This indicates that data from one 
questionnaire cannot be used for overall conclu-
sions concerning pain intensity and QoL.  For 
bladder symptoms, the results seem to correspond 
better [15]. A literature review did not indicate 
specific questionnaires able to show symptom 
differences between cases with or without Hunner 
lesion [16].

J.J. Wyndaele



75

The role of a thorough clinical assessment is 
high. The “four step plan “stresses the impor-
tance to pay also special attention to the musculo-
skeletal system. It is not difficult to perform and 
provides valuable information on possible mus-
cular problems and neuropathy [17].

The role of physical examination is mostly to 
exclude confusable diseases. Sensation of touch 
in the perineal area is normal unless a very 
extended sensitization has occurred. Lumbosacral 
reflexes are normal.

15.3	 �What Seminal Publications 
Changed Our Thinking?

•	 Wyndaele JJ, Malaguti S. Neurophysiology of 
pelvic pain mechanisms. In: Nordling J, 
Wyndaele JJ, van de Merwe JP, Bouchelouche 
P, Cervigni M, Fall M, editors. Bladder pain 
syndrome. Chapter 6. New  York: Springer; 
2013. p. 87–102.

•	 Quaghebeur J, Wyndaele JJ.  Prevalence of 
lower urinary tract symptoms and level of 
quality of life in men and women with chronic 
pelvic pain. Scand J Urol. 2015;49:242–249.

•	 Quaghebeur J, Wyndaele JJ.  Comparison of 
questionnaires used for the evaluation of 
patients with chronic pelvic pain. Neurourol 
Urodyn. 2013; 32:1074–1079.

•	 Quaghebeur J, Wyndaele JJ. Bladder pain syn-
drome (BPS): Symptom differences between 
type 3C BPS and non-type 3C BPS. Letter to 
the editor. Scand J Urol. 2014; 49(4): 319–320.

•	 Quaghebeur J, Wyndaele JJ.  Chronic pelvic 
pain syndrome: role of a throrough clinical 
assessment.

15.4	 �Where Do We Go from Here?

There is need to improve the diagnostic testing in 
order to permit better phenotyping and as such 
better guidance to the best available treatment in 
the single patient.

To develop one generally accepted question-
naire would facilitate the interpretation and com-
parison of data in this condition.

If overactivity of the pelvic floor/urethral 
sphincter is cause or consequence or both needs 
to be studied further.

Whether peripheral neuropathy is more com-
mon than currently thought needs to be studied in 
more detail, as well as the consequences for treat-
ment. Differentiating from e.g. pudendal nerve 
neuropathy is mandatory.

One cannot stress enough the importance of 
accurate diagnostic exclusion of other patholo-
gies before definitely accepting the diagnosis of 
BPS.  The danger to use only noninvasive tests 
have been clearly shown [18] but seems still to be 
overlooked. Reinvestigation must be considered 
when little result comes from treatment [19].
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Current Role of Neurourologic 
Evaluation in Interstitial  
Cystitis/Bladder Pain Syndrome

Hann-Chorng Kuo

In the chapter of neurourologic evaluation in 
interstitial cystitis (IC) [1], McGuire pointed 
out that urodynamic study cannot provide 
strong information as the first step in diagnosis 
of IC. The role of urodynamic study in the diag-
nosis of IC is still controversial over 30 years 
later. In order to identify the small voided vol-
ume and frequent urination in BPS patients, a 
voiding diary has been suggested by Payne to 
replace urodynamic study [2]. The reason for 
this is that cystometric bladder capacity may be 
misleading due to psychological embarrass-
ment and the invasive nature of the procedure. 
The voiding diary can reflect the true frequency 
episodes and functional bladder capacity and 
painful conditions. However, patients might not 
able to differentiate urgency sensation due to 
bladder discomfort between BPS and overac-
tive bladder (OAB). The cardinal symptom of 
BPS is caused by small functional bladder 
capacity; therefore, one might speculate that 
urodynamic study might provide additional 
information to confirm the diagnosis and make 
treatment strategy decisions [3].

16.1	 �Terminology: IC, Bladder 
Pain Syndrome, or 
Hypersensitive Bladder?

McGuire had stated in his chapter that “sensory 
urgency is the common urodynamic finding in 
this discomfort bladder disease.” Indeed, IC is 
characterized by bladder pain, frequency and 
nocturia. NIDDK broadened the diagnostic crite-
ria of IC and included persistent urge to void or 
frequency [4]. Although urgency has been a com-
plaint of most patients, the content of urgency 
complained of by BPS patients is quite different 
from that which occurs in patients with OAB [5]. 
In order to solve the confused terminology of IC, 
the hypersensitive bladder syndrome (with or 
without pain) has been proposed by Homma Y. 
[6]. The fundamental diagnostic criteria for IC 
are bladder pain, reduced bladder capacity, and 
exclusion of other detectable diseases [4]. 
Although urodynamic study seems able to iden-
tify IC patients with increased bladder sensation 
and reduced bladder capacity, these urodynamic 
findings are not pathognomonic signs for IC. In 
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order to increase the diagnostic accuracy, adding 
potassium sensitivity test (PST) might be helpful 
[7]. Even though, overlap of IC and OAB diagno-
sis remains in glomerulations and PST [8].

16.2	 �What Is the Real 
Pathophysiology of IC?

It is possible that mild degrees of urothelial 
dysfunction can also be found in other urinary 
tract diseases such as urolithiasis, bladder outlet 
obstruction, and overactive bladder syndrome 
[9]. These diseases cause urothelial dysfunc-
tion and, therefore, patients also have bladder 
irritative symptoms. If we classify IC accord-
ing to symptoms and duration, these patients 
might also be categorized into having IC unless 
they were excluded by identifying character-
istic pathologies. In addition, patients with IC 
have been found to have higher risks of irritable 
bowel syndrome, fibromyalgia, general fatigue 
and functional somatic syndrome, suggesting IC 
is involved in systemic inflammatory disorders 
[10–12]. Fluctuation of IC symptoms in non-
ulcer IC might result from altered inert immunity 
from time to time. On the contrary, ulcer type IC 
might be organ confined disease that is resulted 
from localized bladder inflammation due to pre-
vious insult or trauma. The different IC pheno-
type and etiologies of disease make these two IC 
subtypes have different treatment strategy and 
outcome [13].

McGuire mentioned that some patients 
with IC might progress to a poorly compliant 
bladder in association with painful sensation. 
Urodynamic study provides evidence for an 
uncontrollable diseased bladder indicating that 
partial or total cystectomy with augmentation 
cystoplasty or urinary diversion are necessary. 
He also mentioned the urethral sphincter hyper-
activity in IC. Because urethral striated sphinc-
ter activity is associated with inhibition of 
detrusor contractility, patients with IC usually 
complain of difficult urinating or interruption of 
urination. In AUA, EAU, Asian and ICI guide-

lines on IC, urodynamic study is considered as 
an optional procedure primarily to exclude other 
LUTD that might account for the similar IC 
symptoms [14–17]. However, patients with IC 
have been found to have increased bladder sen-
sation, reduced bladder capacity, and increased 
outlet resistance. Some studies have reported a 
high percentage of IC patients have bladder out-
let obstruction [18]. Increase of bladder affer-
ent activities due to chronic inflammation might 
enhance urethral sphincter tonicity resulting in 
poor relaxation of pelvic floor muscle during 
voiding [19]. Whether the presence of bladder 
outlet obstruction is the cause or effect in the IC 
patient needs further evaluation. Based on the 
NIDDK criteria, those patients proven to have 
bladder outlet obstruction should be excluded 
from the diagnosis of IC [4]. Clinical research 
showed significant association between urody-
namic variables and the degree of glomerula-
tions after cystoscopic hydrodistention and the 
severity of clinical symptoms measured by IC 
symptom index and IC problem index [20].

16.3	 �Inflammation and Urothelial 
Dysfunction in IC/BPS

In the original 1990 chapter, McGuire stated “we 
have not unreasonably assumed that inflamma-
tion may be the etiology of the uncomfortable 
symptoms in patients with interstitial cystitis. 
However, there is no real proof for that concept, 
and the actual cause of the uncomfortable blad-
der symptoms in IC remains unknown”. Up to 
now, IC remains a mysterious bladder disease. IC 
has been considered as an organ confined (blad-
der) inflammatory disease, but nowadays it is 
regarded as a heterogeneous syndrome. Patients 
might have different etiologies which result in 
similar clinical symptoms. Urothelial dysfunc-
tion, chronic bladder inflammation, and systemic 
functional disorders have been found closely 
related to the pathogenesis of IC and bladder pain 
syndrome (BPS). A distinct phenotype of IC 
patients with multiple sensitivities is identified 
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[21]. Recent research on urine and serum bio-
markers, and bladder tissue histopathology have 
also provided evidence for the clinical character-
istics of IC, such as urothelial barrier defects, 
activation of sensory fibers and epitheliolympho-
cytic infiltration, all of which might contribute to 
the development of IC [22–25]. However, we still 
cannot classify IC into different subtypes for 
appropriate treatment.

Recent research on bladder mucosa have dem-
onstrated that it has not only a barrier function, 
but also transmits sensory signals [26]. Abnormal 
urothelial function results in bladder hypersensi-
tivity due to activation of sensory fibers. 
Abnormal proliferation of urothelial cells leads 
to immature intermediate cell location in the api-
cal position, which lack barrier function. 
Inadequate e-cadherin and zonula occludens-1 
cause tight junction defects and easy influx of 
urinary solutes such as potassium [27]. These 
pathogeneses are believed to result from chronic 
inflammation in the suburothelium. Increased 
plasma-lymphocytic cell infiltration has been 
demonstrated in IC patients with Hunner lesion, 
in which intense bladder pain and severe fre-
quency urgency are the main symptoms [28].

PST has been recommended to detect the uro-
thelial leakage in patients with IC [7]. However, 
urothelial leak is not only found in IC bladders 
but also in the bladders with urothelial cancer, 
irradiation cystitis, bladder outlet obstruction, 
overactive bladder or other LUTD [9]. Urothelial 
leakage is a pathology caused by acute or chronic 
inflammation in the bladder wall, therefore, any 
bladder insult that results in urothelial barrier 
defect may have a positive PST. More severe uro-
thelial dysfunction is more susceptible to the 
stimulation of potassium, thus resulting in vol-
ume reduction in IC patients [20]. A previous 
study further found that in patients with storage 
symptoms refractory to medical treatment, small 
cystometric bladder capacity and a positive PST 
causing pain and elevated visual analog score, IC 
is highly likely [29]. The sensitivity of a positive 
PST in IC patients is higher than the glomerula-
tions after hydrodistention [30].

16.4	 �Where Is the Role 
of Urodynamic Test  
for IC/BPS?

A urodynamic study might not be an essential 
test for the diagnosis of IC, however, it remains 
important for (1) the exclusion of bladder outlet 
obstruction and detrusor overactivity; (2) 
confirmation of the clinical symptoms of IC; (3) 
obtaining objective findings of bladder hyper-
sensitivity; (4) determination of bladder compli-
ance; (5) assessing the severity of bladder 
pathology; and (6) providing objective informa-
tion when assessing the treatment outcome. 
Although the value of urodynamic test in the 
diagnosis of IC/BPS remains inconclusive, the 
parameters of urodynamic test are associated 
with IC symptoms, severity of glomerulations 
and maximal bladder capacity. Urodynamic 
study reflects the bladder sensory and motor 
conditions and can exclude other lower urinary 
tract diseases that have similar IC symptoms. 
Although not pathognomonic for IC, this objec-
tive investigation still provides valuable infor-
mation in clinical management of IC.
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Neurourological Evaluation in BPS

Arndt van Ophoven

Together with Helmuth Madersbacher and others 
Ed McGuire is one of the most prominent promo-
tors of urodynamic studies in Urology and has 
thus become a doyen of modern Neuro-Urology. 
In summary, the entire Chap. 11 by McGuire 
deals with the potential and limitations of urody-
namics as a diagnostic tool to identify BPS/IC or 
to at least distinguish it from confusable disor-
ders. The introductory statement by McGuire is 
still valid 30  years later, i.e. that urodynamics 
cannot provide the definite diagnosis of BPS/IC.

Whatever you prefer to call it, whatever 
sophisticated connotation or attribution you will 
add to your preferred definition or classification 
of this condition, first and foremost BPS/IC is 
a pain syndrome, a health constraint basically 
due to pain. Thus, the statement that “neurou-
rological techniques have little to offer as a first 
step in the investigation of patients with this 
kind of symptomology” appears to be still cor-
rect and true. Moreover, patients are typically 
unhappy to undergo urodynamic testing, not 
infrequently complaining about discomfort and 
pain, sometimes resulting in anxiety [3, 6]. This 
is particularly true for patients with complaints 
of chronic pelvic pain syndromes.

McGuire’s historical wording, e.g. sensory 
and motor urgency has been superceded (at 
least for now) and has been substituted by alter-
native taxonomy and classifications regarding 
urodynamic recordings and findings. However, 
the fact that urodynamics have remained a 
challenging tool to decipher BPS/IC has not 
changed. Urodynamics are still under debate for 
the work up of BPS/IC patients and are, in con-
trast to some guidelines and recommendations, 
not unanimously performed in daily practice for 
this purpose [2, 4].

The thoughtful discussion by Payne and 
Blaivas on pros and cons of urodynamics for the 
evaluation of patients presenting with BPS/IC 
cannot substantially be nourished or further elab-
orated [1, 5]. To my personal point of view each 
physician is currently left to his/her own decision 
as to at what point the patient should undergo 
urodynamic testing, basically to expand the input 
of diagnostic information while striving for opti-
mized management of BPS/IC patients.
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Bladder Hydrodistension in 2017

Claus Riedl

The role of bladder hydrodistension as an impor-
tant diagnostic and therapeutic tool in bladder 
pain syndrome/interstitial cystitis (BPS/IC), as 
popularized by Messing and Stamey in 1978, has 
been significantly questioned within the last 
years. For many decades the “disease-specific” 
glomerulations, petechial mucosal bleedings, 
have been regarded to be pathognomonic for 
BPS/IC and, thus, included in the National 
Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) criteria to better define 
patients suffering from this disease [1]. As a pro-
posed scale for disease severity, glomerulations 
have even been graded with regard to their exten-
sion and intensity [2].

A recent review of publications on glomerula-
tions in BPS/IC showed no consistent relation-
ship between glomerulations and the diagnosis of 
BPS/IC. Several studies were not able to demon-
strate a link between symptom severity and the 
number of glomerulations. Some investigators 
also observed that the grade of glomerulations 
may change with time. Glomerulations were 
observed in healthy asymptomatic populations as 
well as in symptomatic populations with another 
primary diagnosis. In summary, the authors found 
no convincing evidence that glomerulations 

should be included in the diagnosis or phenotyp-
ing of BPS/IC [3].

The fact that hydrodistension gives temporary 
symptom relief to a considerable number of BPS/
IC patients was first reported by Bumpus in 1930 
[4] and made it one of the few available thera-
peutic regimens for many years. Even in 2017, 
the mechanism for this symptom remission is 
not understood. Partial sensory denervation of 
suburothelial nerve plexus by hydrodistension 
pressure is one of the presumed mechanisms 
for symptom remission, and axonal degenera-
tion has been observed in animal studies after 
bladder overdistension [5]. Chai found a signifi-
cant increase of urinary heparin-binding epider-
mal growth factor (HB-EGF) and a significant 
decrease of urinary anti-proliferative factor (APF) 
after in vivo bladder stretch [6]. Bägli described 
an increased expression of RHAMM (receptor 
for hyaluronic acid mediated motility) after blad-
der stretch, which may be an early step for tissue 
repair in response to injured bladder tissue [7]. 
Within the last 15 years, no more studies on the 
physiologic effects of bladder hydrodistension 
have been published, and only two publications 
from this period refer to the clinical outcome of 
this procedure:

Glemain reported on the results of 32 BPS/IC 
patients that were treated prospectively by con-
tinuous balloon dilatation of the bladder for 3 h 
under epidural anesthesia. The intravesical pres-
sure used was equal to the patients mean arterial 
pressure. Pain resolution was maintained for 
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6 months in 60% of patients, and for 1 year in 
43.3%. Results were better for patients with a 
cystometric bladder capacity ≥150  cc before 
treatment [8].

Hoke treated 106 BPS/IC patients with blad-
der hydrodistension, of whom 48 simultaneously 
received a transvaginal trigonal block with 
0.25% bupivacaine/1% lidocaine under cysto-
scopic guidance. Patients with and without trigo-
nal block perceived a significant improvement in 
pain scores, with no difference between both 
groups. Distension times of 2 and >5 min did not 
give statistically different results [9].

A recent publication followed patients after a 
combination of hydrodistension and fulguration 
of Hunner’s ulcers. The mean time to therapeutic 
failure (defined as restart with any disease-
specific therapy) was 28.5 months in Hunner type 
and 25.2  months in non-Hunner type disease, 
with no significant difference for both types of 
disease [10]. However, it is not clear which pro-
cedure was responsible for this long-term symp-
tom improvement and if the combination was 
necessary to achieve these good results.

Sequential therapy with hydrodistension and 
intravesical instillation of hyaluronic acid under 
general anesthesia was performed by several 
authors: Ahmad found a 74% response rate in 17 
patients [11], and Shao reported on a 77.8% 
response rate at 6 and a 50% response rate at 
9 months (compared to 33.3% and 20% with hep-
arin instillations) [12]. Good immediate response 
with this regimen was also reported by Yang [13].

No publications exist on the long-term course 
of patients with repeated bladder hydrodisten-
sions after symptom recurrence. Hydrodistension 
never cures BPS/IC.  Whether repeat fulgura-
tions/resections or bladder distensions add to the 
disease caused bladder wall fibrosis is not known. 
It is therefore uncertain if aggressive therapy like 
fulguration/resection or hydrodistension carries 
a potential negative effect. Theoretically, repeat 
fulgurations/resections over many years might 
result in chronic injury to the bladder wall and 
lead to bladder fibrosis and shrinkage. Whether 
such changes reflect merely the natural course of 
the disease or are augmented by these attempts 
at therapy is unknown. The fibrotic small capac-
ity bladder is the classical indication for blad-

der augmentation or urinary diversion. Thus, the 
price to be paid for temporary symptom improve-
ment could be major surgery at a later phase of 
life. This is important information for patients 
who are offered hydrodistension for symptomatic 
relief, since alternative therapeutic regimens do 
not bear this theoretical consequence.

With this information, the value of bladder 
hydrodistension in BPS/IC management will 
most probably be minimized in the future. In 
principle, the procedure has been performed with 
roughly the same standards throughout the last 
decades. The ESSIC definition from 2008 estab-
lished a maximum intravesical pressure of 80 cm 
H2O for 5 min, and glomerulations observed after 
hydrodistension were rated grade I to III with 
regard to their extension [2].

Instead of general or spinal anesthesia, local 
anesthesia with electromotive administration 
(EMDA) of intravesical lidocaine may be used 
for painless hydrodistension of the bladder 
[14]. Rosamilia reported on 21 women who 
underwent hydrodistension after EMDA with 
lidocaine and dexamethasone [15]. A good 
response was observed in 85% of patients 
2 weeks after treatment, with 63% still respond-
ing at 2 months. 25% of patients were still free 
of symptoms at 6  months. The same regimen 
was used by Riedl in 13 patients, and 62% 
showed complete symptom resolution after an 
average 4.5 months [16].

Bladder hydrodistension is not a riskless pro-
cedure. In the original textbook chapter by Nehra 
and Vardi, the incidence of bladder ruptures was 
8%. Vesical necrosis following hydrodistension 
has also been reported [17–19]. These events are 
severe complications that require major surgery 
for repair and need to be communicated to 
patients before the intervention.

18.1	 �Intraoperative Urodynamics 
During Hydrodistension

The authors of the orginal textbook chapter, 
Nehra and Vardi, published the only report on 
urodynamics in BPS/IC patients under general 
anesthesia. They hypothesized that they could 
obtain more information about bladder 
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compliance with this procedure, that has not 
become a standard in BPS/IC evaluation. 
However, it may harbor interesting information 
regarding pathophysiology of disease.

In a series of 20 patients they observed bladder 
hypersensitivity with a mean maximum awake 
capacity (immediately before general anesthesia) 
of 275 mL (45–350), defined as onset of pain, and 
a normal compliance up to this threshold, while 
under anesthesia non-compliance of the detrusor 
was recorded in most cases when this maximum 
capacity was exceeded.

It is not clear if this information was or is valu-
able. The range of maximum awake capacity is 
quite high in this series, and the average of 275 mL 
does not suggest severe reduction of bladder 
capacity in most cases.

In cases of non-compliance of the bladder 
under anesthesia elasticity of the bladder wall is 
most probably reduced by partial fibrosis. 
Spasticity of the detrusor does not seem to be an 
explanation, since muscle fibers should be 
relaxed in general anesthesia. It has been reported 
that autonomic responses, i.e.significant increases 
of systolic/diastolic blood pressure and heart rate, 
are typically found in patients with visible blad-
der lesions after hydrodistension, and these were 
concordant with symptom severity [20, 21].

From personal experience, two observations 
can be reported:

	1.	 Even under general anesthesia, patients with 
severe BPS/IC start to react when bladder dis-
tension reaches a distinct volume. This may 
be reflected by the autonomic responses mea-
sured by Stav and Kim and the bladder non-
compliance observed by Nehra and Vardi.

	2.	 Patients with high-volume bladder capacity 
and minimal/no glomerulations at hydrodis-
tension are no good candidates for cystectomy 
and may not be pain-free after major surgery. 
In these cases, origin of pain seems to be dif-
ferent than the urinary bladder.

In summary, hydrodistension under anesthesia 
may give temporary symptom relief in BS/IC. 
Combination with EMDA, hyaluronic acid or 
fulguration seems to improve response rates. The 
procedure is minimally invasive and may be 

repeated at symptom recurrence; no data about 
effectiveness of repeat treatments exist. However, 
as with repeated fulgurations or resections, 
repeated hydrodistension may induce bladder 
fibrosis and shrinkage and finally lead to cystec-
tomy due to minimal bladder capacity.

18.2	 �What Did We Get Right?

Bladder hydrodistension has been better posi-
tioned in BPS/IC: it does not essentially con-
tribute to diagnosis of BPS/IC and has been 
included in the treatment guidelines (AUA) 
only as third-line therapy after non-invasive and 
possibly more effective behavioral and medical 
regimens.

18.3	 �Where Were We Off Base?

Despite our present position, bladder hydrodis-
tension may have assisted in better understand-
ing of BPS/IC by stratification of patients. 
However, it did not prove well as a diagnostic 
or therapeutic strategy and was replaced by 
more sophisticated algorithms regarding dis-
ease definition and more disease-specific thera-
peutic regimens.

18.4	 �What Seminal Publications 
Changed Our Thinking?

The publications from the ESSIC group and the 
AUA guidelines, created after extensive discus-
sion among experts and including their huge 
experience on BPS/IC.

18.5	 �Where Do We Go from Here?

While the present criteria seem to almost per-
fectly define BPS/IC patients and the UPOINT 
system valuably assists as a diagnostic algorithm 
with regard to the origin of disease, it is still nec-
essary to find better therapies. Bladder hydrodis-
tension will most probably not be part of it. The 
big task is early detection of disease, which is 
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still lacking in many parts of the world, even if it 
is not clear if this helps to prevent disease pro-
gression to more severe conditions.
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Pharmacologic Goals in Interstitial 
Cystitis/Bladder Pain Syndrome

Antonella Giannantoni, Marilena Gubbiotti, 
Naoki Yoshimura, and Karl-Erik Andersson

During the last 30 years, a number of treatments 
and management algorithms have been devel-
oped and applied in the treatment of patients with 
Interstitial Cystitis/Bladder Painful Syndrome 
(IC/BPS), and many behavioral, dietary, inter-
ventional, pharmacologic and surgical therapies 
have been developed in the attempt to control the 
disease and to offer substantial benefits to the 
affected patients. Nevertheless, the complexity of 
the disease in terms of aetiology and pathogene-
sis still has made it difficult to induce significant 
and long-lasting benefits for any kind of these 
treatments. In addition, few well designed, ran-
domised controlled trials have been conducted 
until now on different treatment modalities, and 
this still precludes the development of evidence-
based management strategies. Indeed, the major-
ity of pharmacological agents used to treat 
patients with IC/BPS are still off label. In this 

respect, the Interstitial Cystitis Data Base study 
noted >180 treatment modalities for IC/BPS, 
with poor results in the majority of cases [1]. To 
date, there is general agreement on the use of 
some agents, orally or intravesically adminis-
tered, as indicated by the EAU guidelines on 
chronic pelvic pain [2] and the AUA Guidelines 
for the Diagnosis and Treatment of Interstitial 
Cystitis/ Bladder Pain Syndrome [3].

The actual, general picture about the pharma-
cological treatment of IC/BPS is different com-
pared to that of 30 years ago, when the first edition 
of the present book was created. Unfortunately 
the picture has changed only in terms of the high 
number of pharmacological agents used along 
time, but not in terms of evidence-based treat-
ment strategies [4–6]. However, efforts have 
been made to create symptom-based definitions 
including ESSIC [2, 7] and AUA [3] guidelines 
of IC/BPS, which were intended to include the 
entire spectrum of disorders resulting in blad-
der pain. These guidelines have been used to 
search for effective systemic or local pharmaco-
therapies for this difficult disease; however, most 
therapies still lack a high level of evidence with 
few recommended treatment options. This is in 
part due to inadequate patient selection, resulting 
in heterogeneity of the treated group [8]. Thus, 
phenotyping of the disease condition based on 
symptom classification such as the UPOINT sys-
tem [9] and/or cystoscopic findings of bladder-
specific pathophysiology such as Hunner lesion, 
which fulfils the requirements for classic IC 
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[10], is important for the selection of appropriate 
treatments in individual patients. Almost 50% 
of patients referred to a tertiary IC/BPS clinic, 
regardless of the complexity or severity of condi-
tion, experienced clinically significant improve-
ment using an individualized phenotype-directed 
therapeutic approach [9].

19.1	 �What Did We Get Right?

Several of the therapeutic option available in 
1988 are still used and even if their weaknesses 
were adequately pointed out at that time, the doc-
umentation of effect (or lack of it) is still incom-
plete. Below we will update the currently 
available pharmacotherapies and look into future 
potential options based on clinical evidence from 
IC/BPS clinical trials, with which we could also 
shed some light on different pathophysiological 
aspects of the disease.

19.2	 �Current Therapies

19.2.1	 �Glycosaminoglycan  
(GAG)-Like Agents

Disruption of the mucin GAG layer of the blad-
der urothelium has been implicated in the patho-
genesis of IC/BPS. The main components of the 
GAG layer include chondroitin sulfate, hyal-
uronic acid (HA), heparin sulfate, dermatan sul-
fate, and keratin sulfate [11]. Therapeutic GAG 
or GAG-like agents, such as HA, chondroitin sul-
fate, heparin, and pentosanpolysulfate have been 
previously used with variable and somewhat dis-
apponting results [12–14].

Pentosan polysulfate sodium (PPS), a synthetic 
sulphated polysaccharide, is the most frequently 
GAG-like agent used to replace defective GAGs. 
Since the preliminary study of Parsons and co-
workers in 1983 [15], this agent has been used 
orally or intravesically administered, in a number 
of studies. PPS is the only oral medication for 
IC/BPS approved by the US Food and Drug 
Administration. The study with the longest follow-

up with oral PPS remains that of Hanno and co-
workers [16]. In this study, oral PPS 100 mg three 
times daily induced about a 50% positive response 
in pain and urgency in IC/BPS patients. PPS has 
been used alone or in combination with different 
pharmacological agents [17–20]. In randomized 
controlled studies, with different doses of oral PPS 
for different times, the drug has been compared 
with placebo, heparin, hydroxyzine, cyclosporine 
A, intravesical liposomes, intravesical PPS, blad-
der hydrodistension [14, 21–25].

One double-blind, placebo-controlled trial 
reported subjective improvement in pain, 
urgency and frequency in patients taking PPS 
compared to the control group [23]. Longer 
durations of treatment associated with greater 
response rates with 50% of patients reporting an 
improvement after 26 week course. Overall, few 
of these studies were of high quality, as reported 
in recent systematic reviews with meta-analy-
sis, with 1b level of evidence and grade of rec-
ommendations C [4–6]. According to AUA 
guidelines, PPS may be administered as second 
line oral medication [3].

Chondroitin sulfate and Hyaluronic acid. 
Many uncontrolled single-center studies includ-
ing a small number of patients have been per-
formed with the use of these agents in the 
treatment of IC/BPS, suggesting that both 
intravesical chondroitin sulfate and hyaluronic 
acid can improve symptoms in IC/PBS patients 
[26–29]. Indeed, in IC/BPS the concentration of 
these substances in the urothelium is reduced and 
urothelial permeability toward potassium com-
pounds is increased, causing bladder pain. The 
potential benefit of chondroitin sulfate was 
detected by Nickel and co-workers in a random-
ized controlled study [30]. Although the study 
was not powered to show a significant difference 
between active therapy and vehicle control, many 
patients reported a clinically significant benefit 
with intravesical chondroitin sulfate treatment as 
compared with placebo. Intravesical chondroitin 
sulphate has been observed to induce side effects 
as dysuria, nausea, gastrointestinal upset, macular 
rash and urethritis in 77% of patients [26–30]. 
Also chondroitin sulfate and hyaluronic acid have 
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been used alone or in combination with other 
pharmacological agents (i.e. heparin, lidocaine) 
and with bladder hydrodistension [4–6]. A posi-
tive and durable impact of HA therapy on IC/PBS 
symptoms was observed by Riedl and co-workers, 
with 85% patients reporting symptom improve-
ment (> or =2 VAS units) [31]. HA with bladder 
hydrodistension, together with the addition of KCl 
and NaCl induced a 62.5% and 71.48% improve-
ments on pain in the study of Daha and co-workers 
[32]. In the study of Shao et al. [33], HA alone or 
in combination with hydrodistention, lidocaine 
and heparin did not induce any improvement in 
pain, bladder capacity or urinary frequency.

Overall, the use of these GAG-like agents 
require additional clinical randomised controlled 
studies in order to better define which is their 
effect in the treatment of IC/BPS patients.

19.2.2	 �Antihistamines

The role of antihistamines in controlling symp-
toms of IC/BPS is still controversial. The hista-
mine receptor antagonist hydroxyzine blocks the 
H1-receptor subtypes and inhibits the activation 
of mast cells. Previous studies reported an 
improvement in >90% of IC/BPS patients treated 
with this medication [4–6]. However, a more 
recent prospective, randomised controlled trial 
did not demonstrate any statistically significant 
improvement with hydroxyzine compared to a 
placebo [22].

The H2- receptor antagonist cimetidine has 
been observed to be effective in controlling IC/
BPS symptoms in 71% of treated patients, with a 
dosage of 200  mg three times daily. A subse-
quent, 3- month follow up randomised controlled 
trial confirmed these previous results [34].

19.2.3	 �Antidepressants

To date there is enough evidence that amitriptyline 
increasing doses (from 25 to 100  mg) adminis-
tered for some months is able to control pain and 
urgency in IC/BPS patients, as demonstrated by 

the study of van Opoven et al. [35]. In another high 
quality study, amitriptyline with different dosages 
and times of administration (increasing doses once 
daily from 10 to 75 mg for 12 weeks) with the addi-
tion of behavioural modification, showed a great 
effect size in ICSI and urinary frequency [36]. 
Importantly, amitriptyline is associated with high 
rates of significant side-effects, as dry mouth, diz-
ziness and gastrointestinal problems, which limit 
the long term use of the substance. Nevertheless, 
both AUA and EAU recommended amitriptyline 
as a treatment option for IC/PBS patients [2, 3]. 
Other anti-depressant drugs potentially useful for 
the treatment of IC/BPS patients could be doxepin, 
desipramine and duloxetine [37], but the available 
data on their efficacy are still very limited.

19.2.4	 �Immunosuppressants 
and Corticosteroids

Cyclosporine A (CYA). CyA is a potent immu-
nosuppressive agent used to decrease the risk of 
rejection after organ transplantation and to treat 
autoimmune conditions such as psoriasis, atopic 
dermatitis and rheumatoid arthritis [38]. It has 
been hypothesized that CyA binds to cyclo-
philins in T cells to antagonize the calcineurin 
mediated dephosphorylation of inactive 
nuclear factor of activated T cells, which is 
required for T cell activation [38]. One study 
compared CyA 1.5  mg/kg twice daily versus 
low dose PPS for 6 months in patients affected 
by IC/BPS [24]. A significantly higher response 
rate was detected with CyA (75% vs. 19%, 
P < 0.05), particularly on three outcomes (pain, 
frequency and IC Symptom Index). Mild 
adverse events were common in the CyA arm, 
and were reported by a total of 30 patients 
(among 32) compared to 18 (among 32) patients 
in the PPS arm. Significant adverse events 
(increased blood pressure and serum creatinine) 
were reported in the CyA arm. At 6  months 
patients were asked if they wanted to proceed 
with the current treatment. A total of 19 patients 
chose to continue on CyA treatment and 4 
patients continued on PPS treatment.
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Other potential immunosuppressive agents for 
IC/PBS could be methotrexate and suplatast tosi-
late [39, 40] but data on their therapeutic poten-
tial are to date really limited. With regards to the 
use of corticosteroids in patients with IC/BPS, 
AUA guidelines recommend that oral long-term 
glucocorticoid therapy should not be offered as 
treatment in patients with IC/BPS [3].

19.3	 �Emerging Targets

19.3.1	 �Anti-Nerve Growth Factor 
Treatment

It has been shown that nerve growth factor 
(NGF) is involved in inflammation, and allergic 
reaction, and altered neurological conditions in 
IC/BPS [41]. An immunohistological study 
reports that expression of NGF is increased in 
the bladder of IC/BPS patients [42]. 
Neurotrophic factors including NGF are also 
found in urine obtained from IC/BPS patients 
[43] and a recent meta-analysis study reported 
that urinary NGF could be a useful biomarker 
for the differential diagnosis of IC/BPS and 
overactive bladder as well as a predictive bio-
marker to help guide treatments [44]. Evans 
et al. [45] reported the clinical outcome of tan-
ezumab, a monoclonal NGF neutralizing anti-
body for IC/BPS in phase II study. Tanezumab 
was administered intravenously in 68 patients 
with IC/BPS, and effective for self-reported 
pain and urinary urgency for 6 weeks compared 
to the placebo group, while voiding frequency 
and voided volume are not affected. However, 
serious adverse events were reported by another 
clinical trial of tanezumab for osteoarthritis, in 
which bone necrosis developed and total joint 
replacements were needed, and several clinical 
trials have since been terminated (www.clinical-
trials.gov). However, another human monoclo-
nal antibody directed against NGF, fulranumab, 
did not show efficacy, but the authors did not 
exclude the possibility that the drug would pro-
vide clinical benefit in a larger study and/or spe-
cific populations [46]. Thus, these results 
provide the proof-of-concept evidence showing 

that NGF is an important pathophysiological 
factor inducing pain-related symptom in IC/
BPS and that intervention of the NGF mecha-
nism is effective for the treatment of IC/BPS; 
however, another local approach such as 
liposome-based intravesical therapy targeting 
NGF [47] should be developed to avoid sys-
temic adverse events in future.

19.3.2	 �Intravesical Lidocaine 
Treatment

Local anesthetics such as lidocaine, which sup-
press neuronal excitation, have demonstrated 
properties that block the neuroinflammatory cycle 
associated with IC/BPS [48]. Intravesical lido-
caine has been shown to be an effective treatment 
for IC/BPS. A clinical trial reported that alkalin-
ized lidocaine and sodium bicarbonate relieve 
IC/BPS symptoms, as reported in the significant 
decrease of the GRA score, compared to the pla-
cebo (30% and 9.6%, respectively) [49]. The suc-
cess rate is relatively higher than other intravesical 
drugs, but the post-therapeutic observation period 
is short; therefore, the treatment is also defined as 
an option in the AUA guideline [3].

The lidocaine-releasing intravesical system 
(LiRIS®) is a solid mini pellet, which encases 
lidocaine in a water-permeable flexible tube and 
releases lidocaine continuously [50]. In this 
open-label clinical trial without a placebo arm in 
16 IC/BPS women with bladder pathologies such 
as Hunner lesions or glomerulations identified 
cystoscopically, clinically meaningful reductions 
in pain, urgency, voiding frequency, and disease 
questionnaires were seen after 14 days of LiRIS 
treatment. Cystoscopic examinations showed 
improvement on day 14 (day of removal) com-
pared with day 1, including resolution of Hunner 
lesions in five of six subjects with baseline 
lesions. Extended follow-up suggests that the 
reduction in pain was maintained for several 
months after the device was removed [50].

These results of intravesical lidocaine treat-
ment in IC/BPS patients suggest that; (1) lido-
caine can reduce not only symptoms, but also 
neurogenic inflammation in the bladder by 
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blocking nerve activity, (2) the bladder is a trig-
gering organ of pain symptoms in the significant 
number of IC/BPS patients, especially when the 
bladder pathology is identified and (3) intravesi-
cal lidocaine administration would be useful as a 
diagnostic test to identify the patient population 
that is suitable for bladder-targeting therapies.

19.3.3	 �P2X3 Receptor Antagonist

Bladder distention releases ATP from the urothe-
lium, and ATP activates P2X3 receptors in blad-
der afferents to modulate bladder activity 
evidenced by experimental studies of P2X3 
knockout mice [51]. There is also evidence show-
ing that the stimulatory ATP mechanism is upreg-
ulated in the bladder from IC/BPS patients 
because ATP release from urothelial cells in addi-
tion to urothelial expression of P2X3 ATP recep-
tors are increased in IC/BPS patients [52–55]. A 
recent placebo-controlled clinical trial in 36 
women treated with AF-219 and 38 women 
treated with placebo showed that patients treated 
with AF-219 for 4 weeks [56] had improvement 
in the key symptoms of IC/BPS such as pain 
scores, urinary urgency and in Global Response 
Assessment (GRA), compared to placebo-treated 
patients. There were 5 patients (4 in the AF-219 
arm and 1  in the placebo arm) with Hunner 
lesions on cystoscopy. Thus, targeting the ATP 
and P2X receptor mechanism in the bladder 
would be a promising strategy for the treatment 
of IC/BPS with or without Hunner lesions.

19.3.4	 �AQX-1125, A Modulator 
of Immune/Inflammatory 
Processes

A new pharmaceutical class of compounds, repre-
sented by AQX-1125, has been recently intro-
duced. AQX-1125 activates SH2-containing 
inositol-5′-phosphatase (SHIP1), modulating the 
PI3K pathway [57], which is involved in pro-
cesses like cell growth, activation and immune/
inflammatory conditions. Activation of SHIP1 
has an anti-inflammatory effect by negatively reg-

ulating the PI3K pathway to reduce the immuno-
logical reaction [57]. AQX-1125 has been studied 
in a short-term, phase II, randomized, placebo 
controlled study, which included patients with 
moderate to severe IC/BPS, some with Hunner 
lesions (Aquinox Trial) [58]. Thirty-seven IC/BPS 
women were treated with the compound and 32 
with placebo. Women treated with AQX-1125 
showed a significant reduction in bladder pain and 
improvement of symptoms at 6 weeks compared 
to placebo-treated women [58].

It has been demonstrated that Hunner lesions 
show over-expression of genes related to immune 
and inflammatory responses, including helper 
T  cell-related chemokines, whereas similar 
expression changes are not found in IC/BPS 
without Hunner lesion [59]. Thus, the anti-
inflammatory treatment targeting the PI3K path-
way could potentially be a useful strategy for the 
treatment of IC/BPS patients, especially when 
bladder inflammatory changes such as Hunner 
lesions are identified in the bladder.

19.3.4.1	 �Where Were We Off Base?
In the 1988 chapter, “the most urgent pharmaco-
therapeutic goal should be to make the patients 
symptom-free”. Even if the ambitious goal is still 
valid, the current focus is on management of pain 
and its consequences. Various etiologies of IC/
BPS have been postulated, which include urothe-
lial dysfunction with increased permeability, 
alterations in growth factor expression, neuro-
genic inflammation with mast cell activation and 
increased NO levels, autoimmune reaction, infec-
tion, increased afferent activity and changes in 
CNS responses. In animal studies, blocking vari-
ous proposed causes seems to be effective for the 
treatments of IC/BPS; however, the results in ani-
mal studies have not come to fruition in clinical 
trials. One of the reasons for the discrepancy 
could be the subtype of IC/BPS. The European 
Society for the Study of Interstitial Cystitis 
(ESSIC) proposed that Hunner’s lesion, which is 
often called “ulcer”, is not a typical chronic ulcer, 
but rather a distinctive inflammatory lesion pre-
senting a characteristic deep rupture through the 
mucosa. Thus, IC/BPS with Hunner lesion might 
be a different entity from that without Hunner 
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lesion [10], as similarly discussed 30 years ago 
by the same author [60]. An important question is 
whether the pain in the two conditions has differ-
ent characteristics that would have therapeutic 
consequences. This does not seem to be the case. 
In a mail survey study of IC/BPS pain, including 
749 women, Killinger et  al. [61] focused on 
whether pain characteristics in women grouped 
by IC/BPS subtype would differ: They could not 
find any significant differences in pain character-
istics between subtypes.

19.3.4.2	 �What Seminal Publications 
Changed Our Thinking?

As discussed by previous and recent publications 
by Fall et al. [10, 62], for the individualized ther-
apy of IC/BPS, the Hunner type IC should sepa-
rately be treated as a different phenotype from 
non-Hunner IC/BPS. The pathophysiology-based 
treatments of IC/BPS could be developed as 
shown by recent proof-of-cencept clinical trials 
of anti-NGF treatment [45, 46], ATP receptor 
antagonist [56] and SHIP1 inhibitor [58].

19.3.4.3	 �Where Do We Go from Here?
The heterogeneity of patient populations in IC/
BPS may be one of the reasons why many drugs 
fail to demonstrate overall efficacy. Thus, the key 
for the future success in development of effective 
pharmacotherapies of IC/BPS would be the appro-
priate selection of target population(s) among IC/
BPS patients based on phenotyping of the disease. 
When the bladder-centric therapies are selected, 
the cystoscopic evaluation of the existence of 
Hunner lesion in participants of clinical trials 
increases the chance of successful outcomes. We 
consider that it is important to draw a distinction 
between these two conditions because the preva-
lence of Hunner lesion among IC/BPS patients is 
higher than previously expected, and reaches up to 
50% of IC/BPS patients [10, 62, 63]. In addition, 
glomerulations, which are defined as multiple 
petechia-like hemorrhages on bladder distension, 
have been used as a diagnostic criterion for IC/
BPS; however, the specificity of glomerulations is 
in question as they are seen not only in IC/BPS but 
also in other conditions [64]. Therefore, the addi-
tional approaches such as cystoscopic evaluation 

with a narrow band imaging system would be nec-
essary to increase the rate and accuracy of detec-
tion of bladder pathological changes in IC/BPS 
[65]. In addition, Nickel et  al. [9] proposed the 
individualized therapeutic strategies based on the 
phenotype of IC/BPS symptoms, which is classified 
by the UPOINT categorization (urinary, psychoso-
cial, organ-specific, infection, neurologic or non-
bladder, and tenderness of pelvic floor. Taken 
together, we presume that standardized classifica-
tion of IC/BPS is important for the evaluation of 
efficacy of new drug treatments.
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Intravesical Therapy of Interstitial 
Cystitis

Philip Hanno

20.1	 �What Did We Get Right?

Flashback to 1989. Bladder Pain Syndrome/
Interstitial Cystitis was treated with a variety of 
off-label therapies, but the standard treatment 
against which all therapies were measured was 
intravesical lavage. Dimethyl sulfoxide (DMSO) 
had been approved a decade earlier (1978) for 
treatment of interstitial cystitis and remains to 
this day the only approved intravesical medica-
tion for the disorder by the Food and Drug 
Administration (FDA). Its use for this condition 
can be credited to Bruce Stewart of the Cleveland 
Clinic who persisted with an intravesical trial 
after failing in a transdermal clinical study of 
refractory patients in the mid-1960’s. It would be 
1996 before sodium pentosan polysulfate became 
only the second approved medication and sole 
oral approved therapy for the syndrome.

DMSO, a colorless and odorless organic sol-
vent, would have difficulty attracting a pharma-
ceutical company to invest in therapeutic trials 
were it to have come to market today. The garlic 
odor which is the hallmark of use (possibly result-
ing from a nonolfactory activation of TRPAA1 
receptors [1] makes doing a blinded, placebo con-
trolled trial almost an impossibility, and approval 
from regulatory authorities unlikely.

The chapter Dr. Wein and I co-authored in 
1989 also discusses two intravesical therapies 
that are rarely if ever used three decades later.

Silver nitrate was first used in the mid nine-
teenth century for the symptoms of bladder pain 
syndrome. It was championed at the Mayo Clinic 
and the evidence of efficacy is noted in the origi-
nal chapter. It has been used, often unsuccessfully, 
for the treatment of hemorrhagic cystitis [2]. Pain 
on instillation which may require sedation, the 
risk of bladder fibrosis retroperitoneal and renal 
damage if bladder perforation or reflux are pres-
ent at the time of administration [3], and the risk 
of argyrosis [4] have limited if not completely 
removed it from the BPS armamentarium.

Clorpactin WCS 90 was successfully used in 
1855 for the symptoms of BPS. It gained adherents 
after a number of positive publications in the twen-
tieth century culminating in its dominant position 
in a classic and seminal publication on interstitial 
cystitis by Ed Messing and Tom Stamey out of 
Stanford in 1978. It was in this journal article that 
glomerulations were established as a keystone in 
diagnosis in patients with symptoms of bladder 
pain and voiding dysfunction. A follow up paper 
from the Stanford group indicating the possibility 
of ureteral fibrosis in patients with reflux served as 
a cautionary warning that a cystogram should be 
performed prior to instillation to rule out this pos-
sibility. The last publication I could find on clor-
pactin, and the only one after 1970, was by Kreder 
et  al. in 2001 indicating that the mechanism of 
action might be through release of calcitonin 
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gene-related peptide [5]. It’s not clear why this rel-
atively effective intravesical therapy has so fallen 
out of favor. I think that patients are not predis-
posed to essentially putting a bleach solution into 
their bladders. Sodium oxychlorosene, the generic 
form of the brand, is essentially a relative of Dakin’s 
solution, an antiseptic solution developed during 
World War I to treat infected wounds by combining 
water, baking soda and bleach. Urologists tend to 
shy away from unapproved therapies that require 
anesthesia to administer and can cause damage if 
extravasation or reflux is present. Information on 
Clorpactin WCS-90 is available from the manufac-
turer at www.u-g.com/info.download.php?id=33.

20.2	 �What Did We Get Wrong?

While therapeutically targeting the bladder was 
certainly reasonable, and remains so today, we did 
not realize that the disease in many patients has a 
more decentralized focus and in many patients is a 
part of a broader chronic pain syndrome that may 
not respond to treatments focused primarily on the 
bladder. We did not do randomized placebo-con-
trolled trials to prove efficacy, largely because such 
trials could not easily be blinded, and thus today 
are still trying to estimate efficacy of many of these 
older intravesical solutions without the data neces-
sary to make a valid judgement. Though intravesi-
cal and subcutaneous heparin had been considered 
(see below), intravesical instillation of glycosami-
noglycans as a standard treatment option was years 
away. We had not considered direct intradetrusor 
application of therapies three decades ago.

20.3	 �What Seminal Publications 
Changed Our Thinking?

Perez-Marrero R, Emerson LE, Maharajh DO, 
et al.. Prolongation of response to DMSO by 
heparin maintenance. Urology. 1993;41 
(suppl):64–6.

Mayer R, Propert KJ, Peters KM, Payne CK, 
Zhang Y, Burks D, et  al. A randomized 
controlled trial of intravesical bacillus calmette-
guerin for treatment refractory interstitial cysti-
tis. J Urol. 2005;173(4):1186–91.

Payne CK, Mosbaugh PG, Forrest JB, Evans RJ, 
Whitmore KE, Antoci JP, et  al. Intravesical 
resiniferatoxin for the treatment of interstitial 
cystitis: a randomized, double-blind, placebo 
controlled trial. J Urol. 2005;173(5):1590–4.

Nickel JC, Moldwin R, Lee S, Davis EL, Henry 
RA, Wyllie MG. Intravesical alkalinized lido-
caine (PSD597) offers sustained relief from 
symptoms of interstitial cystitis and painful 
bladder syndrome. BJU Int. 2009;103(7): 
910–8.

Madersbacher H, van Ophoven A, van 
Kerrebroeck PE.  GAG layer replenishment 
therapy for chronic forms of cystitis with 
intravesical glycosaminoglycans—a review. 
Neurourol Urodyn. 2013;32(1):9–18.

Throughout the world, interest in developing 
new intravesical therapies for BPS has mushroomed 
over the last few decades since the publication of 
Interstitial Cystitis. The potential for a high ratio of 
efficacy to side effects has interested pharmaceuti-
cal companies and clinical researchers. One would 
expect these direct bladder therapies to be most 
effective in patients with primarily bladder pain 
rather than in those with a generalized pain disorder 
manifest by the presence of multiple pain syn-
dromes. Exogenous glycosaminoglycans have been 
the prominent treatment modality, though none 
have garnered an FDA indication for BPS.

Exogenous glycosaminoglycans have been 
shown to be effective in providing an epithelial 
permeability barrier in bladders in which the epi-
thelium has been injured with protamine [6]. 
Heparin, which can mimic the activity of the 
bladder’s own mucopolysaccharide lining [7], 
has anti-inflammatory effects as well as actions 
which inhibit fibroblast proliferation, angiogene-
sis, and smooth muscle cell proliferation. Because 
of its numerous effects, the possibility that hepa-
rin could be used for therapeutic reasons other 
than the control of coagulation has been the 
subject of much inquiry and speculation [8]. 
Weaver first reported intravesical heparin for IC 
treatment [9]. Given intravesically, there is virtu-
ally no systemic absorption, even in an inflamed 
bladder [10]. While uncontrolled studies sug-
gested some beneficial effect for subcutaneous 
administration [11, 12], the obvious risks of 
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anticoagulation and osteoporosis have prevented 
this form of administration from undergoing fur-
ther trials and general usage. Ten thousand units 
can be administered intravesically in sterile water 
either alone or with DMSO at varying intervals 
with good results reported [13, 14]. Kuo reported 
50% or more improvement in the International 
Prostate Symptom Score in 29 of 40 women with 
IC treated with 25,000 units intravesically twice 
weekly for 3 months [15].

Parsons has used daily intravesical doses of 
40,000  units of heparin in 20  cc sterile water 
administered by the patient daily and held for 
30–60 min. “Reasonable improvement of symp-
toms” can be expected between 6  months and 
2 years after starting therapy [16]. Adding alka-
linized lidocaine to the heparin instillation pro-
vides better pain relief [17]. The addition of 8 mL 
of 2% lidocaine and 4 mL of 8.4% sodium bicar-
bonate may improve results [18]. In fact, a com-
bination of 200 mg lidocaine with 8.4% sodium 
bicarbonate (10 mL total solution) without hepa-
rin showed a 30% response rate 3 days after com-
pletion of daily intravesical administration for 
5 days and was statistically superior to a placebo 
cocktail [19]. A Japanese study reported high 
success rates with weekly intravesical instillation 
of 20,000 units heparin with 5 mL of 4% lido-
caine and 25 mL of 7% sodium bicarbonate for 
12 weeks [20]. Intravesical alkalinized lidocaine 
and heparin has been proposed as a treatment for 
symptom flare [21].

Other glycosaminoglycans administered intra-
vesically include pentosanpolysulfate, hyaluronic 
acid, chondroitin sulfate, and combinations of 
hyaluronic acid and chondroitin sulfate [22–26]. 
While non-placebo controlled trials suggest effi-
cacy, no definitive large scale randomized pla-
cebo controlled trials have been reported to show 
benefit, and none have been approved for a BPS 
indication in the United States. A comprehensive 
analysis of glycosaminoglycan layer replenish-
ment therapy with intravesical glycosaminogly-
cans concluded that despite the fact that GAG 
intravesical therapy has been in use for over two 
decades, most of the studies are uncontrolled, 
poorly done, and with a small number of patients. 
Large-scale randomized controlled trials are 
urgently needed to underline the benefit of this 

type of therapy. Distinct patient groups (well 
phenotyped) need to be confirmed by definitive 
diagnostic findings [27]. Another review sadly 
concludes that “randomized controlled trials 
have suggested the GAG analogues are at best as 
good as placebo” [28].

The use of intravesical bacillus Calmette-
Guerin (BCG) for interstitial cystitis was first 
reported by Zeidman and colleagues [29]. A sub-
sequent randomized, prospective, double-blind, 
placebo controlled trial of 30 patients treated 
weekly for 6 weeks and followed for a mean of 
8 months noted a 60% response rate compared to 
a 27% placebo response [30]. Surprisingly, BCG 
was tolerated as well as placebo. Even more sur-
prisingly, eight of nine BCG responders contin-
ued to have an excellent response in all parameters 
measured at 27  months of follow-up [31]. It is 
unclear how BCG achieved this result, but immu-
nologic and/or anti-inflammatory mechanisms 
have been postulated [32]. A double-blind cross-
over Swedish study comparing DMSO to BCG 
failed to substantiate BCG efficacy [33].

A large multicenter randomized controlled 
trial by NIDDK comparing BCG to placebo 
found a 12% response rate for placebo compared 
to a 21% response for BCG. Placebo responders 
in the trial had the same durability of response 
(up to 68 weeks) as the BCG responders [34]. In 
a follow-up open label phase of the trial, the 
response rate was 18% in both the group origi-
nally randomized to BCG and the group initially 
randomized to placebo, indicating a second 
course of therapy does not improve response rate 
[35]. The small response rate in the RCT failed to 
reach statistical significance at the p = 0.05 level, 
and this large study of 265 patients suggests that 
BCG has no place in the treatment of moder-
ate to severe BPS/IC [36].

Resiniferatoxin (RTX), an ultra-potent ana-
logue of capsaicin appears to have similar effects 
with less of the acute pain and irritation associ-
ated with capsaicin application. Both compounds 
have been tested intravesically for the relief of 
bladder instability and hyperreflexia [37]. 
Clinical trials for the use of these compounds in 
bladder pain, urgency/frequency could show this 
to be a new and viable treatment modality in the 
future, but current data on efficacy in BPS are 
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lacking [38–40]. A phase 2 safety and proof of 
concept multicenter, placebo-controlled trial 
conducted by ICOS Corporation of Bothell, WA 
found no significant efficacy of a single intravesi-
cal administration RTX compared with placebo, 
although no safety issues were identified [41]. 
RTX and hydrodistention was effective in reliev-
ing the pain of BPS when compared to hydrodis-
tention alone, but was not effective in improving 
lower urinary tract symptoms [42]. Studies using 
other concentrations and multiple administra-
tions may be worthwhile [43].

Liposomes, vesicals composed of concentric 
phospholipid bilayers separated by aqueous com-
partments, adsorb onto cell surfaces and fuse 
with cells. They can be used for drug delivery and 
gene therapy. They are currently in testing as an 
intravesical therapy for BPS [44, 45].

20.4	 �Where Do We Go from Here?

Intravesical therapy could be both diagnostic and 
therapeutic, helping us to decide in which 
patients the symptoms are mainly related to the 
bladder and in whom that is too narrow a thera-
peutic target. Patients with predominantly 
chronic central sensitization and those with pri-
mary pelvic floor dysfunction should not respond 
well to bladder-centric therapy. We desperately 
need to subject all therapies, and glycosamino-
glycans in particular, to placebo-controlled trials 
to know whether they are truly effective. Better 
phenotyping will enable us to identify groups 
who are most likely to respond to such treat-
ments. Development of drug delivery devices 
that can be placed in the bladder to slowly 
administer intravesical therapies and then dis-
solve and be voided out would be ideal for 
administering treatments for this disease and 
other primary bladder disorders.
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Botulinum Toxin in Treatment 
of Bladder Pain Syndrome/
Interstitial Cystitis

Paulo Dinis

21.1	 �What Did We Get Right?

Botulinum toxin (BonTA) exerts its main therapeu-
tic by inhibiting neuro-mediator exocytosis [1]. 
This was originally seen with acetylcholine hence 
the first diseases to be treated with BonTA injec-
tions where ocular strabismus and other striated 
muscular conditions [2]. In urologic diseases use of 
BonTA also started with application to striated 
muscle. In this case the urethral sphincter was tar-
getd for treatment of sphincter-detrusor dissynergia 
in spinal cord injury patients [3]. With the rationale 
of smooth muscle relaxation, intra-vesical injec-
tions where approved initially for neurogenic 
detrusor over activity and later for the idiopathic 
overactive bladder syndrome. These applications 
showed great success and presently are mainstays 
of neurogenic and idiopathic bladder over activity 
treatment [4–6]. Since both the toxic effects as well 
as therapeutic effects of BonTA were seen as an 
efferent neuronal effect it was initially overlooked 
in the treatment of bladder pain.

21.2	 �Where Were We Off Base?

From the verification that botulinum toxin also 
affected sensory nerve function it was a matter of 
time until its use was attempted in Bladder Pain 
Syndrome/Interstitial Cystitis (BPS/IC). Indeed, 
the toxin also hinders exocytosis of sensory nerve 
neuro-mediators and decreases expression of 
fundamental receptors in nerve fiber activation 
such as transient receptor potential receptor 
vanilloid type 1 (TRPV1) and purinergic receptor 
type 2X3 (P2X3) [7, 8]. The fact that treatment of 
spastic muscle ameliorated pain by more than 
simple muscle relaxation turned attention to these 
basic science findings. Previous experience with 
BonTA intravesical injection in bladder overac-
tivity showed the technique’s safety and efficacy 
thus paving the way for trials in BPS/IC.

21.3	 �What Seminal Publications 
Changed Our Thinking?

In 2004 Smith et  al., published the first results 
with bladder wall and trigonal injection in 13 
patients with bladder pain syndrome (BPS/IC). 
The authors reported improvement of pain in 
69% of patients [9]. Other groups soon published 
their results. In a pilot study, Giannantoni et al. 
injected 200 units (UI), sub-urothelial BonTA, to 
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trigone and bladder floor of 14 patients. Of these, 
12 patients (85.7%) showed improvement in fre-
quency, nocturia, pain (VAS) score and increased 
cystometric capacity [10]. The same group 
reported on a prospective follow-up of 13 patients 
with repeat injections for 2  years. All patients 
received multiple site bladder wall injections 
totaling 200  U.  A total of 58 injections were 
administered with a mean of 4.8 ± 0.8 injections 
per patient. The mean interval between two con-
secutive injections was 5.25 ± 0.75 months. At 1 
and 4 months follow up ten patients reported a 
subjective improvement. Treatment efficacy was 
maintained in all patients during the observation 
period [11].

Injection technique varies among groups. Based 
on a previous study showing a predominance of 
sensory afferent distribution at the trigone [12], 
Pinto et al. performed injection at ten trigonal sites 
only with a total of 100 UI of BoNT-A, in 26 
patients with refractory BPS/IC.  Pain, frequency 
and nocturia, O’Leary-Sant Interstitial Cystitis 
Symptom Index (ICSI) and quality of life of all 
patients improved significantly. Maximal cystomet-
ric capacity also increased and the efficacy remained 
in >50% of the patients for 9 months [13].

In a single center, prospective randomized 
study, Kuo et  al. injected 100 or 200 UI in 40 
sites in the posterior and lateral bladder wall, 
combined with hydrodistension in 29 patients 
while 13 control patients also with BPS/IC, 
underwent hydrodistension only. Seventy one 
percent of patients in the treatment arm still 
showed improvement at 6  months, 55% at 
12 months, and 30% at 24 months [14].

In a multicenter, randomized, double-blind, 
placebo controlled trial in patients with IC/BPS 
refractory to conventional treatment, by Kuo 
et al., patients were randomized to hydrodisten-
tion plus suburothelial injections of BoNT-A 
100 U (BonTA group) or normal saline (control 
group). A total of 60 patients (8 males, 52 
females) including 40 in the BonTA and 20 in the 
control group were enrolled. At week 8, a signifi-
cantly greater reduction of pain was observed in 
the BonTA group. Cystometric bladder capacity 
also increased significantly. Success rate was 
63% in the BonTA group versus 15% in the 

control group. Adverse events (AE) did not differ 
between groups [15].

A single-center, prospective, open labeled, 
randomized comparative study by Akiyama et al. 
studied BonTA application in BPS/IC patients 
refractory to previous hidrodistension and 
Hunner lesion ressection when present, per-
formed on average for 2.7 times per patient. 
Patients were randomly divided into two groups: 
immediate injection (group A) or 1-month 
delayed injection (group B) of BonTA. A total of 
34 patients (group A n = 18, group B n = 16) were 
allocated. The response rate was significantly 
higher in group A than group B (72.2% vs. 
25.0%). When both groups were combined as a 
single cohort, the response rate was 73.5% at 
1 month, 58.8% at 3 months, 38.2% at 6 months 
and 20.6% at 12 months. The mean duration of 
response was 5.4 months [16].

Studies generally report a limited time of the 
therapeutic effect spanning from circa 5 to 
9  months, implying the need for repeat injec-
tions. However, these have been proven as effec-
tive as the initial treatment by several groups 
[11, 14, 17].

Adverse events (AE) were mild and infrequent 
in all studies and most frequently consisted of 
dysuria and urinary infection [11, 14, 17]. Acute 
urinary retention was not found in trigone-only 
injection studies [17, 18] and was rare in other 
studies [19, 20]. However no randomized head to 
head trials comparing bladder wall versus trigo-
nal-only injection for BPS/IC treatment been 
reported either assessing efficacy or AE.  In a 
comparative study of 72 BPS/IC patients with 89 
OAB patients, both groups were treated with 100 
UI of botulinum toxin applied to the bladder wall 
and AE were compared. Fifty eight percent of 
OAB patients reported at least one adverse event, 
including gross hematuria (9.7%), urinary tract 
infection (UTI) (27.8%), straining to void (8.3%), 
large post void residual (PVR) (31.9%) and acute 
urinary retention (AUR) (1.4%). On the other 
hand, 42.7% of BPS/IC patients found at least 
one AE, including UTI (6.7%), straining to void 
(30.3%) and large PVR (6.7%). There was nei-
ther gross hematuria nor acute urinary retention 
experienced in the BPS/IC patient group. Overall 
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incidence of AEs was significantly lower in the 
BPS/ IC than in the OAB group. Different 
pathophysiological mechanisms at play in BPS/
IC and OAB might explain different AE rates for 
an identical treatment [21].

In the work by Akiyama et al., a total of 10 of 
34 (29.4%) patients complained of voiding dif-
ficulty after treatment. Three patients (0.9%) had 
elevated post void residual (PVR) for the first 
2 months, which resolved spontaneously. Other 
adverse events included transient gross hematu-
ria (n = 1–0.3%), which also resolved spontane-
ously and afebrile urinary tract infection (UTI) 
(n = 2–0.6%).

Two meta-analyses on the use of BonTA in 
BPS/IC have been published. The first evidence-
based meta-analysis investigated efficacy and 
safety data from five randomized controlled stud-
ies including a total of 252 subjects (133  in 
experimental and 119  in control groups).This 
study showed that subjective indexes such as 
VAS and O’Leary Sant scores were significantly 
improved following BoNTA treatment compared 
to placebo. Although there was no significant dif-
ference between treated and control patients, 
except for dysuria (31%), AEs did include urinary 
retention (6%), UTI (6%), large post void resid-
ual (8.3%) and hematuria (3.6%) [19]. Another 
meta-analysis comprising 183 active treatment 
patients and 134 control patients reported similar 
findings, in efficacy and safety parameters [20].

21.4	 �Where Do We Go from Here?

Despite the obvious success obtained with 
BonTA its application in BPS/IC will benefit 
from better phenotyping of BPS/IC patients. 
Basic and epidemiological studies as well as 
individual clinical manifestations clearly indi-
cate that BPS/IC encompasses more than one 
disease. A clearer understanding of this will 
increase the strength of indications for treatment 
with BonTA.  Of course neither BonTA is an 
optimal molecule nor is intravesical bladder wall 
injection the most desirable technique to apply 
it. For the treatment of pain per se an ideal drug 
to be used in a similar approach as BonTA would 

have specificity for sensory afferent nerve fibers. 
This would in effect abrogate the most fre-
quent (voiding difficulty) and the most dreaded  
AE—urinary retention. On the other hand the 
need to inject the bladder increases morbidity of 
the procedure due to possible induction of pain, 
infection and hematuria. Bladder instillation 
of BonTA is being investigated. Simultaneous 
administration of BonTA with drugs to denude 
urothelium, thermosensitive hidrogels or encap-
sulated in lipossomes to enable its uptake into 
the bladder wall are some possible options and 
already show potential efficacy in human pilot 
studies. Possible circumscription of BonTA 
effect to sensory fibers was reported in one 
study with lipossome encapsulated toxin [22]. 
Physical means are also being explored for intra-
vesical delivery of BonTA namely iontophoresis 
and shockwave use [23–25].

Since its first application in Urology, BonTA 
intravesical injection has progressively been 
proven as effective and safe for the treatment of 
BPS/IC.  It is presently recommended by both 
American and European guidelines before more 
invasive surgical treatments [26, 27]. However 
BonTA application in BPS/IC still warrants 
a delivery technique with less invasiveness and a 
better targeted therapeutical effect.
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Intravesical Therapy and Its 
Evolution Over Three Decades, 
A European View

Mauro Cervigni

22.1	 �What Did We Get Right?

The finding of an effective and specific therapy for 
IC/BPS remains a challenge because of the lack of 
a consensus regarding the causes and the inherent 
difficulties in the diagnosis. One of the last recent 
hypothesis is that IC/BPS could be pathophysiolog-
ically related to a disruption of the bladder mucosa 
surface layer with consequent loss of glycosamino-
glycans (GAGs). This class of mucopolysaccha-
rides has hydrorepellent properties and their 
alteration expose the urothelium to many urinary 
toxic agents (GAGs). The urothelium consist of 
three layers of cells [1–3] (basal, intermediate and 
apical or umbrella cells) This outer layer comprises 
the main impermeable and protective barrier against 
urine. The barrier function is comprised also of 
other defensive mechanism such as: tight junctions, 
uroplakin and a dense layer of glycosaminoglycan 
(GAG) on the apical surface. The removal of GAG 
layer causes loss of the apical cells within 24 h and 
leads to enhanced permeability. When these sub-
stances penetrate the bladder wall a chain is trig-
gered in the submucosa. Here nerve terminals 

produce inflammatory mediators causing mast cell 
degranulation and histamine secretion with conse-
quent vasodilatation and inflammatory exudate. 
The consequence of this inflammatory response is 
the stimulation of C fibers with mast cell activation 
and histamine release. This produce consequent 
bladder pain and release of neuropetides with a 
consequent damage to the mucosa and fibrosis of 
the submucosa [4–6].

Restoring the GAG with exogenous GAG 
restores impermeability to baseline levels [7] 
and also substantially inhibits the recruitment of 
inflammatory cells to permeabilized areas [8].

The major classes of GAG include hyaluronic 
acid (HA), heparin sulphate, heparin, chondroitin 
4-sulphate, chondroitin 6-sulphate, dermatan sul-
phate and keratan sulphate [9]. In order to 
improve the integrity and function of the bladder 
lining, GAG layer replenishment therapy is 
widely accepted as therapy for patients with IC/
BPS who have poor or inadequate response to 
conventional therapy [10]. Currently, chondroitin 
sulfate (CS), heparin, HA, and pentosan polysul-
fate (PPS), and combinations of two GAGs (CS 
and HA) are the available substances with differ-
ent effectiveness rates in patients with IC/BPS.

Four different products are commercially 
available for GAG replenishment including CS, 
heparin, HA and PPS. Each product has different 
concentrations and dosage formulations. Recently, 
a combination of CS and HA is the latest com-
mercially available product.

M. Cervigni  
Interstitial Cystitis Referral Center and Female Pelvic 
Medicine and Reconstructive Surgery Center, 
Foundation University Hospital A. Gemelli,  
Catholic University, Rome, Italy
e-mail: mauro.cervigni@policlinicogemelli.it

22

mailto:mauro.cervigni@policlinicogemelli.it


106

22.2	 �Where Were We Off Base?

22.2.1	 �Sodium Pentosan Polysulfate 
(PPS)

PPS is a semi-synthetic, sulfated polysaccharide, 
which is chemically and structurally similar to 
heparin and GAG. A proposed mechanism is that 
the drug replaces the damaged parts of the GAG 
layer that lines the bladder [11]. It has been 
reported that PPS reduces bladder permeability 
based on the potassium sensitivity test [12]. 
Currently, PPS is the only oral therapy approved 
by the FDA for IC/PBS [13].

However, randomized controlled trials (RCTs) 
have shown mixed results in its efficacy. 
Mulholland and Parsons separately reported sig-
nificantly improved pain and urgency symptoms 
from baseline at 3-month follow-up [14, 15]. La 
Rock and Sant [16] suggested that in comparison 
with oral therapy, intravesical sodium pentosan 
polysulphate (SPP) therapy promotes direct 
absorption of the drug by the bladder. Conversely, 
Holm-Bentzen et al. failed to demonstrate any dif-
ference at 4-month follow-up compared to placebo 
[17]. Increasing treatment doses does not appear to 
improve efficacy from the 100 mg 3 times a day 
(TID) dosing. Diarrhea, abdominal pain, and rec-
tal bleeding are the most common side effects and 
have been found to be dose-related. Alopecia was 
also noted in 5% of patients in one study [18]. 
High-quality evidence demonstrates mixed sup-
port for this therapy. Therefore, given the moder-
ate side effect profile, PPS is recommended as a 
second-line therapy for IC/PBS [19].

22.2.2	 �Hyaluronic Acid (HA)

Intravesical HA was the first GAG substance used 
for IC/PBS.  Morales et  al. published the first 
study in 1996; they found a complete or partial 
response rate of 71% for up to 1  year [20]. In 
patients with IC/BPS, the concentration of this 
acid is decreased and urothelial permeability 
toward potassium compounds is increased, caus-
ing an increase in bladder pain. HA inhibits leu-
kocyte chemotactic and phagocytic functions, and 

reduces the permeability of the synovial mem-
brane [21]. HA acts on urothelial cells in three 
distinct ways: by increasing secretion of GAG 
enzymes; this leads to increased GAG secretion, 
leading to restored homoeostasis and eventual 
normal GAG barrier production. HA through a 
direct physicochemical interaction with the cells’ 
surface decreases the permeability of the urothe-
lium. HA acts on the third pathway by decreasing 
secretion of pro-inflammatory cytokines IL-6 and 
IL-8 from the urothelial cells, decreasing immune 
cell infiltration to the urothelium and decreasing 
inflammation [22]. HA has been the subject of 
multiple studies and has shown a wide range of 
symptom improvement, from 30 to 85% [23–25]. 
In 2011 Engelhardt and his collaborators reported 
their long-term results of intravesical HA therapy; 
they observed a 50% complete bladder symptom 
remission at the 5-year follow-up without any 
additional therapy, while 41.7% with symptom 
recurrence improved with HA maintenance ther-
apy [26]. Not all the studies have shown a signifi-
cant effect of HA. For example in a double-blind, 
placebo-controlled, multicentre clinical study 
with this GAG in different preparations (40 or 
200  mg/cc), no significant efficacy of sodium 
hyaluronate compared to placebo was found for 
interstitial cystitis (IC) patients. However, further 
details, including patient selection, inclusion/
exclusion criteria, definition of improvement/suc-
cess, are not available [27]. In the study of Daha 
et  al. hydrodistention in combination with HA 
with potassium chloride (KCl), in addition to 
sodium chloride (NaCl), were used as a treatment 
of IC/BPS.  With the combined use of KCl and 
NaCl, pain was improved by 62.5% and 71.48% 
respectively [28]. HA does not provide immediate 
relief of symptoms, as some time is required 
before the onset of regeneration of the GAG layer. 
By contrast, lidocaine (a local anesthetic) can 
reduce sensory ending excitability in the bladder 
and help with the control and immediate relief of 
pain and voiding frequency. For this reason, Lv 
proposed a combined therapy that may lead to an 
immediate relief of symptoms by addicting lido-
caine to HA.  With this treatment, voiding 
frequency was reduced by 67.25% and pain was 
reduced by 70.82% [29].
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22.2.3	 �Chondroitin Sulfate (CS)

CS is another natural proteoglycan present in the 
GAG layer of the bladder epithelium. Like HA, 
intravesical instillation of this molecule has been 
proposed as a treatment for patients with IC/BPS, 
to promote regeneration of GAG in the bladder 
urothelium. Results from a recent experiment 
revealed good control of urinary symptoms and 
pain, suggesting that the use of this drug in IC/BPS 
may be of benefit. Intravesical CS therapy effi-
ciency was evaluated by Steinhoff and col-
leagues in an open-label 12-month study. In this 
study, the authors treated 18 patients with 
40-mL instillations of CS 0.2% weekly for 
4 weeks and then monthly for 12 months. They 
found a response rate for symptom improvement 
of 67% [30]. In an uncontrolled open multicenter 
study of 53 IC patients, instillations of CS 2% 
produced a 60% response rate at 6 months [31]. 
In contrast, a recently published RCT failed to 
show superiority of CS 2.0% over control after 
6 weeks of treatment. In that study, most patients 
reported a clinical benefit, but the difference 
between treatment and control group was not sta-
tistically significant [32]. According to the 2012 
data of the Brazilian Ministry of Health, the pro-
duction of intravesical HA was stimulated by 
instillation of CS; a substance that blocks the 
action of lytic enzymes and stimulates proteogly-
can synthesis by inducing increased HA levels, 
thus reconstituting the urothelium. Nickel et  al. 
conducted an interventional study by using blad-
der hydrodistention with 20 mL of saline associ-
ated with 2% CS, and found an improvement in 
pain and urinary urgency of 47% and a decrease 
in voiding frequency by 51.8% [33].

22.3	 �What Seminal Publications 
Changed Our Thinking?

22.3.1	 �CS and HA

A combination of two GAG containing CS 
(2.0%) and low molecular weight HA (1.6%) is 
the latest available substance for the GAG replen-
ishment therapy.

In an open-label single arm study by Porru 
and colleagues, the efficiency of intravesical CS/
HA combination therapy was evaluated in IC/
PBS patients. Twenty-two patients with IC/BPS 
received intravesical instillations (40  mL) of 
sodium HA 1.6% and CS 2.0% in 0.9% saline solu-
tion (IALURIL®) (IBSA, Lugano, Switzerland) 
once weekly for 8 weeks, then once every 2 weeks 
for the next 6 months. Parameters included visual 
analogue scale (VAS) for pain and urgency, number 
of void per day, mean voiding volume, Interstitial 
Cystitis Symptom Index (ICSI) and Pain Urgency 
Frequency (PUF) questionnaire. The score for 
urgency was reduced from 6.5 to 3.6 (P = 0.0001), 
with a reduction in pain scores from an average of 
5.6 to 3.2 (P = 0.0001). The average urine volume 
increased from 129.7 to 162 mL (P < 0.0001), with 
a reduction in the number of voids in 24  hours, 
from 14 to 11.6 (P < 0.0001). The IC Symptom 
and Problem Index decreased from 25.7 to 20.3 
(P  <  0.0001), and the PUF score, from 18.7 to 
12.8 (P < 0.0001) [34]. Cervigni and colleagues 
reported the long-term results of intravesical CS/
HA therapy in 12 IC/BPS patients refractory to 
other treatments. They used a combination of HA 
1.6% and CS 2.0% over a period of 3 years assess-
ing symptoms and quality of life using a visual 
analogue scale, 3-day voiding diaries and validated 
questionnaires. Improvements in bladder function 
were sustained for 3 years (mean number of daily 
voids decreased from 17.8 at baseline to 15.5 at 
9 months and 11.9 at 3 years, and mean volume 
per void from 136.8 mL at baseline to 143.9 mL 
at 9 months and 180.9 mL at 3 years). Quality of 
life assessments confirmed these improvements 
[35]. Ömer Gülpınarite studied 53 BPS IC patients 
with inadequate clinical response after 6 months 
of conservative treatment comparing for the first 
time intravesical HA/CS combination and intra-
vesical HA. In total, 53 patients met the study cri-
teria. There were 30 patients in the HA-CS group 
(mean age: 48.47 years old) and 23 patients in the 
HA group (mean age: 49.61 years old) (P > 0.05). 
The initial PST was positive in 71.7% patients 
(38/53) overall with no difference between groups 
(P > 0.05). Responses for VAS, ICSI, Interstitial 
Cystitis Problem Index (ICPI), 24-hour frequency/
nocturia statistically improved in both groups 
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at 6 months. There was no significant difference 
in symptomatic improvement (P  >  0.05). Eight 
patients had mild adverse events [36].

More recently Cervigni et al. [37] published a 
randomized open-label multicenter study compar-
ing the efficacy, safety, and costs of of Intravesical 
instillation of hyaluronic acid (HA) plus chondroi-
tin sulfate (CS) (Ialuril®, IBSA) versus dimethyl 
sulfoxide in women with BPS/IC in 110 women. 
The allocation ratio (HA/CS:DMSO) was 2:1. 
Thirteen weekly instillations of HA (1.6%)/CS 
(2.0%) or 50% DMSO were given. Patients were 
evaluated at 3 (end-of-treatment) and 6  months. 
Primary endpoint was reduction in pain intensity 
at 6 months by visual analogue scale (VAS) versus 
baseline. Secondary efficacy measurements were 
quality of life and economic analyses. A signifi-
cant reduction in pain intensity was observed at 
6 months in both treatment groups versus baseline 
(P < 0.0001) in the intention-to-treat population. 
Treatment with HA/CS resulted in a greater reduc-
tion in pain intensity at 6 months compared with 
DMSO for the per-protocol population (mean VAS 
reduction 44.77 ± 25.07 vs. 28.89 ± 31.14, respec-
tively; P = 0.0186). There were no significant dif-
ferences between treatment groups in secondary 
outcomes. At least one adverse event was reported 
in 14.86% and 30.56% of patients in the HA/CS 
and DMSO groups, respectively. There were sig-
nificantly fewer treatment-related adverse events 
for HA/CS versus DMSO (1.35% vs. 22.22%; 
P = 0.001). Considering direct healthcare costs, the 
incremental cost-effectiveness ratio of HA/CS ver-
sus DMSO fell between 3735€/quality-adjusted 
life years (QALY) and 8003€/QALY.  Treatment 
with HA/CS appears to be as effective as DMSO 
with a potentially more favorable safety profile. 
Both treatments increased health-related quality 
of life, while HA/CS showed a more acceptable 
cost-effectiveness profile.

22.4	 �Where Do We Go from Here?

IC/BPS remains a prevalent, but untreated dis-
ease with a poorly understood pathophysiology. 
Nonetheless, research suggests that (I) disruption 
of the bladder GAG/ proteoglycan layer, (II) 
upregulated immune/inflammatory response, 

(III) neural upregulation, and (IV) pelvic floor 
dysfunction may all play a role in the pathophysi-
ology of the disease.

HA and HA/CS therapy are effective treat-
ment options for patients with IC/BPS who had 
inadequate response to conservative treatment, in 
the short term. Obviously this treatment must be 
plugged into a multimodal protocol of associated 
and combined therapies.

Further randomized controlled studies with a 
larger number of patients and a longer follow-up 
period are needed to confirm these encouraging 
results and to optimize the treatment protocol for 
a sustained long-term therapeutic effect.

Recently there is an increasing interest in the 
use of liposomes as carriers for drugs adminis-
tered by the intravesical route. The lipidic bilayer 
structure of liposomes facilitates their adherence 
to the apical membrane surface of luminal cells 
in the bladder, and their vesicular shape allows 
them to co-opt the endocytosis for bladder uptake 
after instillation [38].
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The Use of Heparin

Arndt van Ophoven

23.1	 �Where Were We Off Base?

From its first introduction as a therapeutic agent 
for IC in 1963 on treatment results of heparin use 
have been rarely but constantly reported until 
today. The preferred route of administration is by 
intravesical instillation although patients suffer-
ing from bladder pain syndrome often fear and 
wish to avoid repetitive catheterization. Thus, the 
subcutaneous route of administration as reported 
for the first time by Gunnar Lose in 1983 and 
summarized in Chap. 15, offers an alternative, 
less painful and minimal invasive approach. 
However, in contrast to subcutaneous administra-
tion which requires the monitoring of clotting 
parameters, no such information is required for 
the safe use of instillations which increases their 
feasibility regarding follow up monitoring of 
patients and has added to their preference as a 
mode of administration.

23.2	 �What Did We Get Right?

The use of heparin in the treatment of blad-
der pain syndromes is unchanged based on the 
hypothesis that the glycosaminoglycan-rich 

bladder surface mucus is the primary regulator 
of epithelial permeability and that a structurally 
similar exogenous sulfated polysaccharide such 
as heparin could effectively treat the painful 
bladder by compensating for the dysfunction of 
natural bladder mucus. Heparin is believed to 
work by replacing or aiding in the recovery of the 
individual’s dysfunctional bladder mucus, subse-
quently reducing epithelial permeability and pro-
tecting from symptom provocation by noxious 
molecules.

Intravesical heparin in the management of 
IC/BPS has been studied in controlled and non-
controlled trials enrolling more than 100 treated 
patients and demonstrating efficacy rates ranging 
from 56 to 94%. AUA guidelines recommend intra-
vesical heparin as a second-line treatment option, 
having potential benefit in a subset of patients with 
an uncertain benefit/risk ratio. However, adverse 
events reported were not serious. In a controlled 
trial, minor events in patients receiving alkalin-
ized lidocaine in combination with heparin were 
similar to placebo in frequency and type, affecting 
approximately 30–50% of patients and including 
headache, dizziness, lightheadedness, and blad-
der or urethral pain. No increases in activated 
partial thromboplastin time or prothrombin time 
were observed. Bladder discomfort occurred 
with every instillation in 60% of patients treated 
with intravesical heparin. In an open-label study, 
gross hematuria was observed only on the day of 
instillation and was not associated with systemic 
coagulation disorder.
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Personal experience with heparin was made 
during a prospective controlled study to evaluate 
the safety and efficacy of the combined adminis-
tration of oral pentosanpolysulfate (PPS) and 
subcutaneous low-dose heparin, still representing 
the only controlled study on subcutaneous use of 
the agent. This trial thus partially filled the lack 
that “no controlled studies documenting the 
effect of subctaneous heparin” had been done as 
stated in Chap. 15 by Gunnar Lose 20  years 
before publication of the trial.

41 IC patients reporting efficacy of oral PPS 
medication were divided into a major-, intermedi-
ate-, and minor PPS response group, according to 
the extent of their therapeutic response to 
PPS. Patients received 3 × 5000 IU/d heparin for 
2 days, followed by 2 × 5000 IU/d for 12 days. 
Maintenance dose was 5000  IU/d heparin. 17 
patients randomly taking exclusively PPS served 
as control. In summary the subcutaneous adminis-
tration of low-dose heparin appeared to be a safe 
and efficacious adjunct to oral PPS medication, 
with a cumulative effect of the two drugs predom-
inantly observed in patients with an initial minor 
response to PPS. Our results supported the etio-
logical concept of an impaired vesical glycosami-
noglycan layer function as a crucial factor for the 
induction of IC symptoms. Since it is known that 
heparin profoundly inhibits mast cells our results 
additionally shed further light on the importance 
of mast cells in IC pathogenesis. We further dis-
cussed that heparin may unfold its symptom ame-
liorating effect by its inhibiting impact on 
purinergic mechanisms that are deeply involved 
in the neuroinflammatory processes reported for 
BPS/IC. Recent observations suggest that bladder 
purinergic mechanisms are important in bladder 
sensory function and are altered in BPS/IC includ-
ing data that heparin attenuates stretch-activated 
ATP release and blocks purinergic signaling in 
cultured BPS/IC bladder urothelial cells.

23.3	 �Where Do We Go from Here?

Even 30  years after Loses book chapter on the 
efficacy of subctaneous heparin for the ameliora-
tion of BPS/IC, its administration, irrespective of 

the individually preferred route, should still be on 
the therapeutic landscape of any physician striv-
ing to offer more than basic medical supply to 
these patients. However, more clinical and scien-
tific data to fully elucidate and explain the thera-
peutic potential of heparin for BPS/IC is desirable 
and still mandatory almost 55 years after its first 
use. Unfortunately, current academic and phar-
maceutical research structures are compelled to 
focus on speedy financial or scientific return of 
investment and are thus prone to neglect such 
“old and cheap” treatment approaches.
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What Happened to Eosinophilic 
Cationic Protein: A Dead End

Philip Hanno

Eosinophil cationic protein (ECP) is a single 
cationic polypeptide chain consisting of 133 
amino acids. ECP is a mediator in host immune 
response to parasites, bacteria and viruses. Much 
of the literature on this protein focuses on its role 
in eosinophil-related disorders like asthma. ECP 
correlates with airway inflammation but not air-
way hyper-responsiveness. It is not diagnostic of 
asthma but is related to severity and can be used 
to monitor effects of asthma treatment [1, 2]. 
Concentrations of ECP correlate with the clinical 
severity of chronic allergic conjunctival disease [3]. 
Although present in numerous biological fluids, 
sample management is complex and serum has 
become the main avenue of determination used in 
the laboratory setting. The ECP molecule partici-
pates in a large number of biological reactions, 
which makes it an unacceptable diagnostic 
marker due to low diagnostic specificity [4].

24.1	 �What We Got Right

The search for a biomarker for the diagnosis and 
phenotyping of bladder pain syndrome (BPS) has 
been a priority for many decades. In chapter 16 of 
the original text, Lose and Frandsen reviewed 

their work from the 1980’s in which they observed 
an increased level of eosinophil cationic protein 
in the urine of patients with interstitial cystitis. 
Around the same time, Holm-Bentzen had dem-
onstrated an elevated urinary excretion of metab-
olites of histamine in these patients. Lose and 
Frandsen were hopeful the urinary-ECP would 
provide a new tool to study patients with bladder 
pain syndrome and perhaps select patients with 
detrusor mastocytosis which at that time was 
considered a potential histologic confirmation of 
the disorder. Publications suggesting that eosino-
philic infiltration of the bowel in patients with 
chronic bowel disease could be a marker of activ-
ity and prognosis stimulated their work.

24.2	 �What Were We Off Base

Thirty years later it appears that mast cells may not 
be the specific biomarker for bladder pain syndrome 
that was presumed. While subepithelial mast cell 
distribution is found to be characteristic of BPS in 
patients with Hunner lesions, Gamper et  al. con-
cluded that detrusor mastocytosis had poor predic-
tive value for BPS and that mast cell assessment did 
not distinguish BPS without Hunner lesions from 
overactive bladder syndrome [5]. Submucosal mast 
cell localization is associated with increased sen-
sory innervation, and sensory hyperinnervation can 
aid in distinguishing overactive bladder from blad-
der pain syndrome histologically [6].

P. Hanno
Stanford University School of Medicine,  
Stanford, CA, USA
e-mail: philip.hanno@stanford.edu

24

mailto:philip.hanno@stanford.edu


114

24.3	 �Where Do We Go from Here?

A review of the literature does not reveal any 
subsequent research connecting BPS to ECP in 
the past 3 decades. While its potential as a fecal 
biomarker to reflect the colorectal inflammation 
seen both macroscopically and on a cellular 
level in ulcerative colitis has suggested the 
potential of ECP to be a potential detector of 
subclinical inflammation in that disorder [7], 
similar utility in BPS remains to be determined. 
For now, urinary eosinophilic cationic protein 
appears to be an interesting dead-end in the con-
tinuing search for a biomarker.
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The Use of Pentosan Polysulfate 
in the Management of Interstitial 
Cystitis

Robert M. Moldwin

“Interstitial Cystitis” was published in 1988 by 
Springer Verlag, and was one of the earliest publica-
tions detailing the potential role of pentosan polysul-
fate for the treatment of interstitial cystitis [1]. In an 
earlier pilot study, Parsons et al., described that this 
sulfated polysaccharide could improve symptoms in 
90% of interstitial cystitis patients [2]. The textbook 
chapter that followed described the theoretical basis 
of pentosan polysulfate’s (PPS) action along with 
data developed from a placebo controlled double-
blinded cross over study. Results were not quite as 
spectacular, but nevertheless promising with 47% of 
PPS treated patients reporting overall symptom 
improvement compared to 23% of those receiving 
placebo. Over the past 35 years, our use of PPS in IC 
therapy has evolved based upon newer literature and 
the clinical experience of dedicated practitioners.

25.1	 �What’s Happened to PPS 
Since the Publication 
of “Interstitial Cystitis”

Pentosan polysulfate, brand name Elmiron®, 
was approved in the United States for the “relief 
of bladder pain or discomfort associated with 

interstitial cystitis” in 1996 under the FDA’s 
orphan products program (at that time, IC was 
considered to be a rare disorder). Package label-
ing details [3] describe two early studies that led 
to approval. The first study detailed a random-
ized placebo controlled trial accruing IC patients 
meeting strict criteria as defined by the National 
Institutes of Diabetes and Digestive and Kidney 
Diseases (NIDDK) [4] in which 151 patients 
were evaluated. 28/74 (38%) of patients who 
received PPS, 100 mg TID, and 13/74 (18%) of 
patients who received placebo showed greater 
than 50% improvement in bladder pain 
(p = 0.005).

The second study was a retrospective open 
label analysis of 2499 patients who received PPS, 
300 mg per day. These patients, 60% of whom 
had severe or unbearable symptoms, were asked 
to rate overall change in pain in comparison to 
baseline at 3-month intervals. At 3 months, 1307 
(52%) of the patients had dropped out or were 
ineligible for analysis. At the one-year mark, 
only 598 (24%) patients were still receiving the 
medication. Improvement in pain was identified 
by 722/2499 (29%) of the patients at 3 months. 
Of the 892 patients who continued taking PPS for 
6 months, an additional 116/2499 (5%) of patients 
reported less pain. Few additional favorable 
responses were noted after 6 months.

Subsequent studies analyzing the role of PPS 
for the treatment of IC symptoms have had dispa-
rate outcomes (Table 25.1) [5–17], likely owing to 
differences in study design and patient population 
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Table 25.1  Studies Examining the Efficacy of PPS

Authors Year Study type N Notable findings

Parsons [2] 1983 Pilot, open label 24 22 of 24 patients (91.6%) reported symptom 
improvement

Parsons [1] 1984 RCT crossover 47% of patients in treatment arm improved; 23% 
favorable response in placebo group

Parsons and  
Mulholland [5]

1987 RCT cross over 62 Increased voided volumes; subjective improvements  
in urge, frequency, pain, nocturia

Termination of drug resulted in symptom return within 
3 to 12 weeks in 80%

Holm-Bentzen 
et al. [6]

1987 RCT 115 No clinically significant differences in symptoms, 
urodynamic parameters, cystoscopic appearance  
and mast cell counts

Fritjofsson et al. 
[7]

1987 Open label 87 Improvement in urinary frequency and voided 
volumes in non HL patients. These improvements 
were not seen in those with HL

Pain improved in both groups and this effect was 
stable at the 3-month follow up

Mulholland et al. 
[8]

1990 RCT 110 Overall improvement of greater than 25% was 
reported by 28% of the PPS-treated patients and by 
13% of those treated with placebo. (p = 0.03)

Parsons et al. [9] 1993 RCT 148 32% of those receiving PPS showed significant 
improvement compared to 16% of those on placebo 
(p = 0.01)

Patients on PPS experienced a significant decrease in 
pain and urgency (p = 0.04 and 0.01) compared to 
placebo

More subjects on PPS showed an average increase of 
more than 20 ml in voided volume than did placebo 
patients (p = 0.02)

Hanno [1] 1997 Prospective, long 
term, open label 
compassionate use

2809 46% of patients dropped out within first 3 months

42–62% of patients receiving PPS had moderate or 
better symptom improvement

Jepsen et al. [11] 1998 Retrospective, long 
term compassionate 
use

97 11.3% of patient continued PPS for more than 18 mo.

Correlation of increased PPS duration of treatment to 
less constant pain

Sant et al. [12] 2003 RCT 60 A non-significant trend in improved global response 
assessment was seen in PPS group (34%) versus 
placebo (18%); p = 0.064

2x2 factorial study 
of PPS and 
hydroxyzine

Nickel et al. [13] 2005 Randomized, 
double blinded, 
dose ranging  
study

380 230 patient completed study

Mean ICSI scores and PORIS improved for 300, 600, 
and 900 mg dosages; improvements were not dose 
dependent

Symptom response appeared to improve with longer 
courses of therapy

Nickel et al. [14] 2008 Retrospective 128 Patients receiving therapy soon after diagnosis may do 
better clinically

Davis et al. [15] 2008 RCT 41 Oral PPS demonstrated 24% reduction in symptom 
scores as compared to combined oral PPS and 
intravesical PPS (46% reduction) at 12 weeks

Al-Zahrani et al. 
[16]

2011 Retrospective/
long-term

271 34.3% drop out

Better results in those with significant glomerulations

Trend toward better response in >12 mo group
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(Table  25.2). As seen in earlier studies, patient 
drop out tended to be high. An excellent review 
article by Propert et al. [18], which remains timely 
despite its 2002 publication, detailed the many 
dilemmas encountered in the creation of a clinical 
trial for any new interstitial cystitis therapy.

25.2	 �More Stumbling Blocks 
for PPS Studies

Data from recent studies of the Multidisciplinary 
Approaches to the Study of Chronic Urologic 
Pelvic Pain (MAPP) Network, an NIH supported, 
multi-institutional, interdisciplinary collaborative 
group, may have bearing upon how we interpret 
past research and design future studies. One MAPP 
investigation set off concern for significant symp-
tom variability and a rapid regression to the mean 
for patients who begin clinical protocols [19]. 
Failure to account for these phenomena in uncon-
trolled studies may falsely increase the number of 
responders and decrease the numbers of patients 
who don’t respond or worsen. The investigators 
ultimately suggested a run in period of 4 weeks or 
more to account for this effect.

The MAPP network also examined efficacy of 
the “instruments” that we have used to detect clini-
cal changes [20]. Almost all assessments in the 
past have relied upon patient questionnaires that 
combined multiple domains, i.e., pain, urinary 
urgency, quality of life etc., into one total score. 
These investigators challenged that concept and 
found pain and urinary symptoms to function as 
independent variables when it comes to factors 
such as depression. They placed caution on the use 
of combined scores for future clinical studies.

Table 25.1  (continued)

Authors Year Study type N Notable findings

Nickel et al. [17] 2015 RCT 368 44% dropout

No difference between placebo, PPS 100 mg, PPS 
300 mg dosing for primary endpoint at 24 weeks

No difference in symptom improvement between PPS 
naïve and non naïve patients

Subgroup analysis of IC/BPS patients meeting 
NIDDK criteria demonstrated highest response in 
placebo group (50%)

Table 25.2  Variations between studies examining effect 
of PPS

•  Study type and analysis

Retrospective

Open label, prospective

Open label, retrospective

Randomized, double-blind, placebo controlled

Dose ranging (varied double blinded doses, no 
placebo)

•  Sample size

•  Length of study

•  Population studied

Patients meeting NIDDK criteria and those without 
meeting those criteria

Patients with and without Hunner lesions

PPS naïve and those that had previously used the 
medication

Use of concomitant therapies

•  Measures of success

O’Leary Sant symptom index (ICSI)

O’Leary Sant problem index (ICPI)

University of Wisconsin interstitial cystitis scale

Global response assessment (GRA)

Patient overall rating of improvement of symptoms 
(PORIS)

Pain, urgency, frequency score (PUF)

Likert pain scale

Urodynamic parameters

Voiding diary (urinary frequency and voided 
volumes)

Health related quality of life (QoL) measures

• � Other factors having an impact upon data 
interpretation

Intent to treat (treating patient drop outs as failures)

Selection bias (tertiary care centers versus 
community practice)

Regression to mean

Degree of improvement that constitutes success
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Perhaps one of the most challenging aspects 
of developing trials for PPS (or for that matter, 
any therapy for IC/BPS) is the condition’s phe-
notypic heterogeneity. While it’s clear that some 
patients only have bladder pain, the majority do 
not [21]. Often patients are plagued with condi-
tions such as irritable bowel syndrome, vulvo-
dynia, pelvic floor myalgia, amongst many 
others; any of which may account for some por-
tion of their pelvic pain … if not the majority of 
their pain. Those identified with non-urological 
causes of pelvic pain trended towards poorer 
quality of life, depression, and sleep distur-
bances [22]. Krieger and the MAPP network 
determined that individuals with chronic urolog-
ical pain syndromes (IC/BPS and chronic prosta-
titis/chronic pelvic pain syndrome) had more 
severe urological symptoms and more frequent 
depression and anxiety [23]. And then there is 
the patient with Hunner lesions. These patients 
have many clinical characteristics, most notably, 
gross inflammatory disease of the bladder wall, 
that perhaps puts them in a therapeutically dis-
tinct group, one that often favors more aggres-
sive management [5].

With all of the above variables in play, it’s 
often difficult to make definitive statements about 
PPS effectiveness. An example of these difficul-
ties can be appreciated in a recent phase 4, ran-
domized, double–blind placebo controlled trial 
evaluating the efficacy of PPS for IC/BPS therapy 
[17]. The study found no statistically significant 
difference for the primary endpoint, defined as a 
30% or greater reduction from the baseline ICSI 
total score between 2 different doses of PPS 
(100  mg QD and 100  mg TID) and a placebo 
group. In this well-constructed study that included 
intent to treat analysis, the investigators used a 
less rigorous definition of IC/BPS for enrollment 
(although sub stratification for patients meeting 
NIDDK criteria was also performed). They did 
not exclude patients with co-morbid conditions 
such as irritable bowel syndrome, pelvic floor 
dysfunction, or depression. Likewise, patients 
were not excluded if they had already used PPS in 
their clinical care. Hence, these and other factors 
(such as drop out for reasons other than non 
response to therapy and adverse events) may have 

inadvertently selected patients who were less 
likely to be responders.

The optimal dosing of PPS was evaluated in a 
different phase 4, double-blind, double-dummy, 
parallel-group multicenter 32-week trial with no 
placebo control. The response to treatment for 
doses of 300, 600, and 900 mg per day was found 
to be clinically significant and improved over time. 
On the other hand, the response to therapy was 
not dose dependent [13].

25.3	 �So What Have These Studies 
Along with 21 Years 
of Clinical Use Taught Us …?

	1.	 PPS appears to be effective for many patients 
with IC/BPS but the specific phenotype of the 
individual most likely to respond remains 
unknown.

	2.	 Clinical experience and some studies suggest 
a poorer response in those patients with more 
severe disease, i.e., Hunner lesions, and in 
those whose symptoms have been present for 
many years.

	3.	 PPS may take 3 months (and on relatively rare 
occasions up to 6 months) to see efficacy. This 
factor may be one of the most problematic in 
terms of patient drop out in research studies 
and in clinical practice.

	4.	 PPS dosing remains 100  mg TID, however, 
optimal dosing has not been determined.

	5.	 PPS may not have significant effect on symp-
toms if other forms of pelvic pain, i.e., pelvic 
floor myalgia, endometriosis, are present and 
significant.

	6.	 No published literature exists regarding the 
recurrence of symptoms upon discontinuance 
of PPS.

25.4	 �In Conclusion …

Trials to evaluate the efficacy of PPS are terribly 
difficult to construct owing to multiple factors 
such as the phenotypic heterogeneity of the 
patient population, high patient drop out, defini-
tions of success and failure, amongst others. Most 
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literature still favors a therapeutic role for PPS; 
however, several recent well-constructed studies 
suggest that the medication’s effect may not be as 
robust as initially hoped. Clinical experience sug-
gests best results are achieved in conjunction with 
other conservative treatment strategies.
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Etiology of Interstitial Cystitis 
and the Role of Pentosanpolysulfate 
in IC Therapy

C. Lowell Parsons

26.1	 �Introduction

For over 40 years I have studied the bladder epi-
thelium and interstitial cystitis (IC). I have seen 
over 9000 patients and conducted extensive basic 
laboratory and clinical research on IC that has 
substantially changed my concepts of the disease. 
My understanding now is that there is one pri-
mary disease process that generates bladder 
symptoms of urgency, frequency, pain and incon-
tinence (in any combination) in women of all 
ages and men less than 55 (before the age of blad-
der outlet obstruction). This pathologic process is 

a dysfunctional, “leaky” bladder epithelium that 
allows urinary potassium to diffuse into the blad-
der interstitium and directly depolarize, nerves, 
muscles, cause bladder symptoms and injure 
tissue. The rare but not separate severe form of 
this process is the patient historically diagnosed 
with IC [1].

Six major discoveries lead to my new con-
cepts of IC.

	1.	 Bladder surface mucus, sometimes called the 
GAG layer, protects the transitional epithelium 
from bacterial, protein and calcium adherence 
providing a universal protective anti-adherence 
barrier [2, 3].

	2.	 The GAG layer controls the permeability of 
the epithelium to small molecules in rodents 
and in normal human volunteers [4, 5].

	3.	 IC patients have a leaky epithelium compared 
to normal human subjects to both urea and 
potassium [6, 7].

	4.	 The GAG layer injured chemically in both 
rodents and humans results in a leaky epithe-
lium and this injury is reversed by both hepa-
rin and pentosanpolysulfate (PPS, Elmiron) 
[2, 4, 5, 7–10]. This discovery led to the use of 
PPS to treat IC and became the first and to 
date only FDA approved oral medical therapy 
for IC [5, 8–13].

	5.	 The discovery of the role potassium plays in 
the generation of bladder symptoms. If the 
GAG layer is defective, “leaky”, urine potas-
sium will diffuse into the bladder wall, 
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Comment: In the original Chapter that I wrote for this 
book on Pentosanpolysulfate (PPS) therapy I began with a 
comment that not much was known about IC etiology and 
go on to describe the rationale for the use of PPS in IC and 
its success rates. Compared to 28 years ago my concepts 
about interstitial cystitis have changed dramatically on the 
basis of new and solid scientific evidence. Substantial 
progress was made in the understanding of the etiology of 
IC, the mechanism of action for PPS in the disease as well 
as the potential new uses of PPS in bladder symptoms in 
general. There were so many changes and so much new 
information that I needed to rewrite the chapter (and this 
is a good thing) so that I could adequately explain all of 
these changes. The significant progress over the past three 
decades is self evident when the chapters are compared. 
I found redoing this chapter to be quiet fascinating.
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depolarize muscles, nerves and cause symp-
toms and tissue injury. A potassium sensitiv-
ity test (PST)was developed to identify the 
presence of a leaky epithelium, normal sub-
jects are not sensitive to intravesical potas-
sium but those with a leaky bladder epithelium 
are [14]. Symptomatic patient populations 
were tested and found to have lower urinary 
dysfunctional epithelium (LUDE) including 
IC, radiation cystitis, urethral syndrome, 
overactive bladder, prostatitis, gynecologic 
chronic pelvic pain patients, vulvodynia and 
endometriosis and all were equally potassium 
sensitive [1, 7, 14–22]. Table  26.1 contains 
the summation of the data from over 40 stud-
ies in the world literature. These data are cre-
ating an entirely new paradigm for both 
urology and gynecology patients concerning 
bladder symptoms and chronic pelvic pain. 
Bottom line is all of these patients have 
LUDE and see specialists urologists or gyne-
cologists based on the symptoms bothering 
them the most and receive a myriad of tradi-
tional diagnoses (or misdiagnoses if you will) 
but in reality all have only one basic disease 
process. Bottom line the PST is the best and 
most widely substantiated diagnostic test for 
IC/epithelial dysfunction (LUDE) with a 81% 
sensitivity and 99% specificity.

	6.	 The recent identification of toxic urinary cat-
ionic metabolites that bind to and injure the 
GAG layer and initiate the epithelial dysfunc-
tion cascade. Most of them are nucleic acid 
metabolites and are very toxic to cultured 
urothelial cells. These urine cations are 2.5 
times higher in the urine of IC patients com-
pared to control subjects and are neutralized 
by Tamm Horsfall Protein (THP) PPS and 
heparin [21, 23]. We believe these cations are 
the root cause of IC.

26.2	 �Pentosanpolysulfate

As mentioned, chemical injury of the normal 
bladder surface mucus will cause an injury to the 
barrier effect of the epithelium [2–5, 7–10]. It 
was also discovered that this injury in both 

rodents and humans can be reversed with an 
intravesical treatment of the bladder surface 
with either heparin of pentosanpolysulfate (PPS) 
[2, 4, 5, 7–10, 26]. As a direct result of these 
observations it was hypothesized that heparinoids 
might beneficially impact on diseases where the 
mucosa was dysfunctional such as interstitial 
cystitis. PPS has an oral form that is about 2.5% 
bio-available. It was then tried in several opened 
labeled and a double blind study [13] to deter-
mine if it had efficacy in IC and the drug was 
successful at relieving symptoms after several 
months of therapy [27, 28]. Bear in mind that in 
the early 1980s when these initial studies were 
done IC for the most part was only recognized in 
its severe form where symptoms were chronic 
and unrelenting. It was 20 plus years later that IC 
was indeed discovered to have a beginning where 
symptoms are mild and intermittent [29]. And In 
this early phase is far more common than the rare 
severe but classical form of IC.  So the initial 
experience with IC was on the severe patients 
and the positive results that were obtained were 
quite promising. These studies led to key pivotal 
clinical trials. The company conducting the trials 
met with the United States Food and Drug 
Administration (FDA) and developed a protocol 
that was acceptable to the FDA. Basically the two 
trials were randomized, prospective, multi-
centered placebo controlled trials. The entry cri-
teria were strictly defined and utilized the NIDDK 

Table 26.1  KCl test results in symptomatic patient groups

Group N % Positive P valuea

IC [1, 7, 14–17, 24] 3786 81% <0.0001

Normal subjects [7, 
14–17]

228 1.3%

OAB [25] 116 71% <0.0001

Prostatitis [18, 20, 22] 72 81% <0.0001

Gyn chronic pelvic pain 
[16, 17, 19]

378 82% <0.0001

Vulvodynia [19] 122 84% <0.0001

Urethral syndrome [15] 116 55% <0.0001

Radiation cystitis [14] 5 100% <0.01

These data are summarized from over 40 papers in the 
world literature and the direct references are cited for 
some [1, 7, 14–22] and the rest are cited in a review article 
that is also referenced [19]
aAll Groups compared to the control group
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criteria which were developed shortly before 
these clinical trials began. These two studies used 
the the Global Assessment Response of symp-
toms (known as the GAR) as the primary out-
come measure which was first reported by 
Parsons [13]. The GAR was statistically vali-
dated as an outcome measure for IC clinical trials 
in the larger of these two studies [12] and is now 
widely used for this purpose. Patients entered 
were defined as having severe disease for at least 
1 year with moderate or worse symptoms of pain 
and urgency, had a cystoscopy under anesthesia, 
completed a 3 day voided log (at the beginning 
and end of the trial) and were begun on PPS 
100 mg TID for 3 months. At the end of the study 
the global assessment of symptoms questionnaire 
was filled out by each patient. It is a six point 
scale with patients reporting (1) worse (2) 0% 
improved (3) 25% improved (4) 50% improved 
(5) 75% improved (6) 100% improved. Better 
was predefined in the protocols as 50% or greater 
improvement and those not reaching this level 
were deemed no better. The percent of patients 
reporting better is summarized in Table 26.2 for 
each study. These studies were the basis for 
approval of PPS to treat IC by the Food and Drug 
Administration in the United States in 1996.

26.3	 �Dose of Pentosanpolysulfate 
for Therapy

PPS should be the basis for any single or multi-
modal therapy for IC since it treats the root cause 
of IC the epithelial dysfunction [30]. Severe 
patients usually require the multiple therapy 
approach to address both the epithelial problem 
and their symptoms. The approved dosage of 
PPS is 300  mg per day. A subsequent study 
showed that longer durations of therapy up to 
8  months resulted in a higher success rate of 
improvements in patients up to 70% [31]. 
Currently, I routinely start female patients on 
200 mg of PPS BID and if not better in 4 months 
increase the dose to 300  mg BID.  For severe 
patients if not better at 6–8 months I will increase 
it to 300  mg TID.  Males I routinely start on 
300  mg BID.  I never stop the PPS until the 

patients lose all or most of the symptoms but fre-
quently add other therapies to control their symp-
toms. In general PPS (or other heparinoids) are 
the only drugs the reverse the course of the dis-
ease and reduce the epithelial leak of potassium 
allowing the bladder to heal [30]. It should always 
be the primary foundation of therapy. It is impor-
tant to have patience and continue therapy and 
encourage people (especially patients with many 
years of severe symptoms) to stay on treatment 
indefinitely even years before success may be 
obtained. Explaining to the patient that PPS can 
reverse the course of the disease is helpful so that 
they realize that staying on the medication is crit-
ical along with other treatment modalities that 
may be added to their therapeutic regimen. PPS 
has been on the Unites States market for over 
20 years. This long experience with the drug has 
shown that it is very benign and well tolerated 
and has been used in well over 100,000 people 
with an excellent safety profile in both the low 
and high doses of medication reported herein.

I have reported successful use of PPS in 42 
children and the dose by weight that I have 
employed is presented in Table  26.3 [32]. In 
General children responded quicker and better to 
therapy which is probably not surprising since 

Table 26.2  Summary of two pivotal PPS trials

N
Placebo 
GAR*

Drug 
GAR* P valuea, b

Mulholland 1990 [11]

Overall 
improved

110 13%% 28% 0.04

Pain improved 14% 27% 0.08

Pressure to 
urinate 
improved

11% 22% 0.08

Parsons 1993 [12]

Overall 
improved

148 15% 36% 0.002

Pain improved 18% 38% 0.005

Pressure to 
urinate 
improved

18% 30% 0.04

aGAR is the global assessment response In both studies 
drug did significantly better that placebo. These studies 
were the basis for FDA approval in the USA in 1996 of 
PPS for treating IC
bCompares active drug to placebo
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they have had disease for a shorter time and tend 
to heal faster than do adults.

26.4	 �Mechanism 
of Pentosanpolysulfate 
Action

Since intravesical PPS will restore an experi-
mentally injured GAG layer in either normal 
rodents or adult humans the hypothesis for its 
mechanism of action in IC patients was that in 
restores the GAG layer by coating the bladder 
surface [7, 10, 30]. But more recently our dis-
coveries of cations in urine that injure the GAG 
layer has led to a new and/or additional hypothesis 
[21, 23].

I believe that “sometimes the obvious is the 
reality” and in the case of IC that urine is the cause 
of the disease, not the nerves, spinal cord, pelvic 
floor or other systemic remote issues. If there were 
no urine in the bladder then no disease would exist. 
IC has a beginning usually early in the life of most 
patients (by ages 18–25) [29] with mild and inter-
mittent symptoms and in the unfortunate individu-
als progresses over decades to a more chronic and 
debilitating condition. It is the older patients with 
years of more severe disease that develop associ-
ated problems secondary to the chronic disease 
process such as e.g. pelvic floor dysfunction. So 
what starts the disease process? What causes the 
GAG layer to become dysfunctional?

The urinary bladder has a hostile environment 
to deal with namely urine and the toxic byprod-
ucts of metabolism it contains. Fortunately the 
marvelous impermeable GAG layer confines 
them to the bladder lumen for the most part ren-
dering them harmless. But this is not always the 
case. IC patients have a dysfunctional GAG layer 

and as a consequence the highly concentrated uri-
nary potassium levels are allowed to diffuse into 
the bladder wall and depolarize muscles, nerves 
and ultimately destroy tissue [1]. A key question 
is what causes the GAG layer to become abnor-
mal? Our hypothesis has been that urinary cat-
ionic metabolites containing amino groups will 
bind to and impair the function of this layer simi-
lar to what protamine does in normal rodents and 
humans where it causes a leaky epithelium [4–7]. 
Based on this hypothesis, all urinary cationic 
molecules were isolated from urine of normal 
human subjects using ion-exchange cartridges in 
attempt to determine if it contained these postu-
lated toxins. The positively charged compounds 
were isolated and identified by using a combina-
tion of high performance liquid chromatography 
(HPLC) and mass spectroscopy (MS) [21]. Once 
these molecules were identified they were pur-
chase commercially and used in cell cultures of 
bladder epithelial cells to determine if they would 
injure and kill the cells. For a positive control 
protamine (very cytotoxic to the cultured cells) 
was used and compared on a weight basis to the 
isolated urinary cations for cytotoxicity. Four of 
these cations were found to be very toxic and 
surprisingly turned out to be metabolites of DNA 
and they are significantly elevated in the urine of 
IC patients [21]. The entire cation content was 
extracted from the urine of both normal subjects 
and IC patients. The toxic cations were over two 
fold increased in the urine of the IC patients 
[21, 23].When the fractions of cations from both 
groups were compared in our cytotoxicity assay, 
all of the patient fractions were more toxic than 
all of the normal subjects and hence by definition 
a good diagnostic test [21]. Another study on the 
cation content in urine was conducted that com-
pared patients with active symptoms to patients 
significantly improved on PPS therapy and both 
groups had the same elevated levels compared 
to control subjects [23]. These data are impor-
tant because it seems that these cations are not 
a result of the IC disease process since they do 
not go down at all when patients are significantly 
improved. The discovery of these toxic cationic 
metabolites is a major and very important piece 
of the IC puzzle. We believe that these toxic 

Table 26.3  Dose of PPS for use in children by weight

Weight (lbs) Dose

25–45 50 mg BIDa

45–70 100 mg BID

70 200 mg BID
aIf child cannot take a pill empty capsule into 1 ounce of 
water and have the child drink it. PPS is acid stable and 
not affected by the stomach
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DNA metabolites injure the bladder GAG layer 
by binding to it and begin the whole IC cascade. 
The cytotoxicity of the whole cation fractions, 
as well as, the individual toxic compounds from 
patients and control subjects was exposed to both 
Tamm Horsfall Protein and PPS and each com-
pound completely neutralized the toxic effect 
of these cations. The ability of PPS to sequester 
these toxic cations is probably the mechanism 
for the activity of PPS in urine and explains why 
it is successful in treating IC patients. Some of 
my patients with severe IC symptoms have over 
four times the cation levels of normal people and 
explains why we have found these patients do 
better if prescribed much higher doses of PPS.

The role that toxic urinary cations may play in 
the initiation of bladder symptoms and IC opens 
the door for the development of new drugs that 
target these metabolites for sequestration. 
Determining the cation levels in patients, particu-
larly severe ones, will help guide therapy by 
increasing the presence in urine a level of medica-
tion necessary to effectively neutralize these tox-
ins. Since PPS is very capable of performing this 
task what is needed is a form of PPS that has better 
gastrointestinal absorption to deliver higher levels 
of this drug to the urine that will likely result in a 
much higher rate of improvement in patients. It is 
interesting that PPS was the first and currently 
only approved oral drug for IC in the United States 
and the new understanding of its mechanism of 
action shows that the original hypothesis to use it 
in IC was essentially correct. And that a new drug 
does not necessarily need to be developed to do the 
same thing what needs to be accomplished is 
delivering more PPS to the urinary tract.

The Combination of epithelial dysfunction or 
LUDE disease and potassium problems occur in 
many patients with bladder symptoms (e.g. 
OAB, prostatitis) and gynecologic chronic pel-
vic pain. PPS therapy may be very useful in 
these patient populations no matter what their 
classical diagnosis is. Interestingly, PPS was 
introduced in IC patients at a time when the dis-
ease was considered rare but it may be the thera-
peutic of choice for tens of millions of patients 
with bladder and pelvic pain symptoms based 
primarily on new understandings of the etiology 

of bladder symptoms and its mechanisms of 
action in the urinary tract.
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Use of Transcutaneous Electrical 
Nerve Stimulation 
in the Management of Bladder 
Pain Syndrome

Magnus Fall

Our study, presented at different stages [1–3], was 
of a pilot character but in this connection there 
were a substantial number of patients, 60 men and 
women in the final report, published a few years 
after the book on Interstitial Cystitis. There were 
and still remain many unsolved technical issues 
e.g. about the most efficacious electrical parame-
ters to use, about optimal electrode shape and 
positioning, including the problem how to best 
overcome sensory limitations of percutaneous 
electrical stimulation, and also about the choice of 
most appropriate nerve afferents for an optimal 
effect; stimulation efficacy depends on the size of 
the responsible afferent nerve and the distance to 
the stimulating electrode as well as the selection 
of optimal electrical parameters for the desired 
effect [4]. We used standard TENS equipment, 
and cannot be sure that it was best suited for the 
effect we aimed to attain. It is should also be noted 
that there were no experimental studies as to treat-
ment with this modality on this indication. More 
in-depth investigation of factors mentioned above 
would maybe have further improved the outcome; 
such studies are still feasible.

Still, in spite of possible shortcomings, the 
overall results were surprisingly good, and to 
some extent unexpected, especially so in patients 

with Hunner disease, ESSIC type 3C [5]. From 
a neurophysiologic point of view, an exception-
ally interesting observation was the curative 
effect obtained following prolonged treatment. 
That included relief of symptoms, paralleled by 
endoscopic healing, and along with a profound 
reduction of MCs in bladder washings. Take 
for instance this case example [3]: A previously 
healthy woman was diagnosed with classic inter-
stitial cystitis at the age of 49. There were a num-
ber of treatment attempts but the only one giving 
alleviation (although short-lived) was cystoscopic 
hydrodistension under anesthesia, performed 
every third month during a very long period of 
time. At all these frequently repeated cystosco-
pies the typical, circumscript Hunner lesions 
were seen. At the age of 66 she started chronic 
suprapubic, high-frequency TENS.  There was 
continuous improvement during the following 
year and after one and a half year she was free 
of symptoms. The bladder capacity at distension 
during anesthesia at this stage had increased to 
450 mL, compared to about 240 mL, constantly, 
at the very numerous distensions by way of the 
cystoscope before starting TENS.  Three years 
later she was reexamined and the bladder capac-
ity now was 800 mL; she was still free of symp-
toms. All lesions and signs of inflammation had 
disappeared; the bladder mucosa exhibited a few 
tiny, pale scars where lesions had been situated 
before. She was followed for 17 years after ini-
tiation of TENS, had no relapse and continued 
to use her device off and on. In this context it is 
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worth noting that spontaneous healing of Hunner 
lesions had not reported. In this group of patients 
with Hunner lesions it is also worth noting the 
well documented, very long duration of stable 
clinical signs and symptoms before TENS was 
initiated; TENS was the starting point of a dra-
matic change. Unfortunately, though, the effect 
of TENS was not as convincing in non-Hunner 
disease, a heterogenic category where good treat-
ment options are scarce.

Electrical stimulation is a principle but not a 
method. It is important to understand that there 
are fundamental differences in how various reflex 
systems are activated when you chose different 
applications. Effects on the bladder vs the ure-
thra, the occurrence of the so called reeducation 
effect etc. can change profoundly depending on 
parameters like electrode positioning, electrode 
shape and stimulation parameters [4]. TENS is 
not the same as pelvic floor stimulation [6].

Although the referred studies certainly indi-
cate a role for TENS, this treatment has not gained 
sufficient interest to result in further studies, nei-
ther has it achieved a role in the majority of algo-
rithms for BPS treatment. One important reason 
for this is the problem of scientific evidence—no 
RCT: s have been performed. Another reason is 
that there has been lack of resources for technical 
development and no marketing. From a principal 
point of view, the remarkable observations of cure 
still qualify for further trials. Fortunately how-
ever, other modalities of neurostimulation involv-
ing implanted electrodes have attracted much 
attention with a number of successful studies pre-
sented [7–9] also including randomization [9]. 
Neurostimulation is a wide and vital but relatively 
unexplored field compared to neuropharmacol-
ogy. It holds promise for the future.

Points of interest:
	1.	 Rearrangement and restoration of the micturi-

tion reflexes by means of electrical stimula-
tion also includes activation of links between 
the nervous system and the immune cell sys-
tem, links that could explain the curative 
effect noted. Such links have been demon-
strated experimentally e.g. in the gut and other 
organ systems. Interestingly, another way of 
reducing pathologically increased afferent 

input from the bladder by long-term lidocaine 
treatment has also been demonstrated to result 
in symptom remission as well as resolution of 
Hunner lesions [10].

	2.	 “Bladder contracture” in Hunner disease 
(ESSIC type 3C) is often but not always caused 
by fibrotic bladder wall changes. Reduced vol-
ume capacity during anesthesia may sometimes 
reflect the functional state of a bladder never 
allowed to fill because of pain. When that is the 
case “contracture” may be more or less revers-
ible, an observation also sometimes made after 
TUR or other successful treatment [1].

27.1	 �What Did We Get Right?

The observations of the effect of TENS are prin-
cipally interesting but have attained limited 
penetration.

27.2	 �Where Did We Go Off Base?

Why has a treatment so cheap, yielding such 
remarkable effects and being almost without side 
effects attracted so little attention?

Compared to surgical techniques of electrical 
stimulation, TENS is maybe somewhat odd in a sur-
gical department. Lack of marketing has a great 
impact. Furthermore, this kind of treatment is not as 
easy to accomplish as one could imagine as it 
requires appreciable persistence and enthusiasm 
from the patient as well as the therapist; the patient 
will certainly need encouragement when starting 
and carrying on with TENS. A modality of this kind 
should perhaps be administered by pain specialists 
or neurologists in cooperation with specialist nurses 
with more experience and training administering 
and following up treatments like TENS.

27.3	 �Where Do We Go from Here?

To be accepted, treatment methods require high 
scoring in level of evidence to earn high grades of 
recommendation. Studies on TENS are scant and 
there is no RCT. Since TENS can have remark-
able effects, is harmless and is lacking side 
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effects, studies on TENS are still warranted and 
can hopefully be repeated elsewhere to corrobo-
rate or refute our results.
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Kenneth M. Peters

28.1	 �What Did We Get Right?

It is very interesting to look back to 1988 and 
realize how little was known regarding electrical 
stimulation or neuromodulation in the manage-
ment of voiding dysfunction and pelvic pain. The 
original chapter had sparse data on the use of 
transcutaneous electrical nerve stimulation 
(TENS) as a means to improve symptoms of 
interstitial cystitis. It was suggested that other 
sites of stimulation such as intravaginal or poste-
rior tibial nerve may improve clinical outcomes. 
The author commented that the ideal site of stim-
ulation was unknown and research was needed to 
identify the best stimulation parameters to 
achieve good clinical outcomes. Since that time, 
cutaneous stimulation is routinely used, but still 
with little evidence. It is often physical therapists 
who use TENS and inferential stimulation units 
as a multimodal approach to managing chronic 
pelvic pain. There has been broadened interest in 
the impact of the pelvic floor and neuromuscular 
dysfunction as an underlying trigger for pain 
associated with interstitial cystitis. Thus, neuro-

modulation is a reasonable modality to offer 
patients with interstitial cystitis symptoms.

The author was insightful in proposing inhi-
bition of bladder afferents, modulation of blad-
der efferents, an impact on opioid/endorphin 
release and perhaps a local influence on the 
detrusor inflammatory cell aggregates as poten-
tial mechanisms of action of electrical stimula-
tion. Interestingly, despite years of research on 
neuromodulation since the book was published 
in 1988, we still do not have a clear under-
standing as to how neuromodulation works. A 
significant amount of research has focused on 
the effect of sacral neuromodulation (SNM) on 
afferent sensory nerve fibers, with the dominant 
theory being that electrical stimulation of these 
somatic afferent fibers modulates voiding and 
continence reflex pathways in the central ner-
vous system (CNS).

The control of sensory input to the CNS is 
thought to work through a gate control mechanism.

The gate control theory states that noxious 
stimuli perception does not entirely depend on the 
A-delta and C-fiber sensory nerves transmitting 
information to the CNS, but on the pattern of 
peripheral nerve activity. A-delta bladder afferent 
nerve fibers project to the pontine nuclei to provide 
inhibitory and excitatory input to reflexes control-
ling bladder and sphincter function. Afferent 
C-fibers within the bladder are normally thought 
to be mechano-insensitive and unresponsive and 
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thus referred to as silent C-fibers. These normally 
inactive C-fibers may be sensitized by inflamma-
tion or infection, thus causing activation of invol-
untary micturition reflexes and detrusor 
overactivity. Sensory input from large myelinated 
pudendal nerve fibers may modulate erroneous 
bladder input conveyed by A-delta or C-fiber affer-
ents at the gate control level of the spinal cord. 
Detrusor hyperreflexia then may be attributed to a 
deficiency of the inhibitory control systems involv-
ing pudendal afferent nerves. The success of elec-
trical neuromodulation for detrusor hyperreflexia 
may result from the restoration of the balance 
between bladder inhibitory and excitatory control 
systems. The stimulation of urethral afferents to 
facilitate the micturition reflex and stimulation of 
the dorsal nerve of the clitoris to inhibit bladder 
activity have been demonstrated in animal models 
for SNM.

28.2	 �Where Were We Off Base?

Since publication of the original book on intersti-
tial cystitis, much research has been done on neu-
romodulation. Sacral Neuromodulation (SNM) 
has the most clinical data and an implantable 
sacral nerve stimulator was approved in the 
United States in 1997 for voiding dysfunction. 
Since that time there have been dozens of pub-
lished articles on its effectiveness in interstitial 
cystitis/bladder pain syndrome. Unfortunately, 
most of these are case series without controls. 
However, consistently, there have been reports of 
reduced urinary frequency and urgency in 
patients with IC/BPS and most studies demon-
strate a meaningful and sustained reduction in 
pelvic pain.

Sacral Neuromodulation impacts a single 
nerve root (S3), but based on the thought that 
neuromodulation is dependent on afferent signals 
being sent to the central nervous system (CNS), 
pudendal neuromodulation was developed and 
studied. The pudendal nerve comprises S2, S3 
and S4. Thus, if the pudendal nerve is activated, 
there is enhanced afferent signaling traveling to 
the CNS.  A randomized trial was performed 
comparing sacral to pudendal stimulation in 

patients with IC/BPS and in a blinded fashion, 
each patient trialed both a sacral lead and a 
pudendal lead. After the staged trial, 79% of 
patients found pudendal neuromodulation supe-
rior to sacral. Since that time, multiple reports 
have shown that approximately 90% of subjects 
not responding to SNS will respond to PNS dem-
onstrating this nerve target should be considered 
for SNM failures.

In addition, the diagnosis of IC is controver-
sial. Classic Hunner Lesion IC is clear cut, but 
many patients without Hunner’s Lesions have a 
complex phenotype suggesting the bladder may 
be an innocent bystander in a more complex 
pelvic process. In our experience, the pudendal 
nerve and pelvic floor muscle spasm are the cul-
prits in many of these patients. Often there is pain 
in the distribution of the pudendal nerve, blad-
der frequency, urgency and hesitancy along with 
dyspareunia. Patients may experience pain the 
vulva/vestibule and many suffer from complex 
disorders such as persistent genital arousal disor-
der (PGAD). It is our experience that the puden-
dal nerve drives much of these symptoms and 
for those who fail to have a sustained improve-
ment using conservative therapy such as pelvic 
floor physical therapy, transvaginal trigger point 
injections and pudendal nerve blocks; pudendal 
neuromodulation may be an ideal treatment for 
these patients.

In 1988, the original chapter on interstitial cys-
titis briefly mentioned the tibial nerve as a poten-
tial nerve target to treat this condition. The tibial 
nerve is comprised of L4, L5, S1, S2 and S3. 
Thus, in theory, stimulating the tibial nerve may 
result in more afferent signaling and have an 
improved clinical response. Unfortunately, it is 
just in the recent past that this nerve target has 
been scientifically studied. The only sham-
controlled trial on neuromodulation for overactive 
bladder demonstrated that stimulating the tibial 
nerve, 30 min, once a week for 12 weeks is effec-
tive in reducing urinary urgency and frequency. 
There are just a few small case reports of percuta-
neous tibial nerve stimulation in the management 
of interstitial cystitis symptoms. Most report posi-
tive results, but more robust studies are needed to 
recommend this nerve target for IC/BPS.  Using 
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microimplant technology with wireless energy 
transmission, studies are underway to evaluate the 
impact of chronic tibial neuromodulation on void-
ing dysfunction. Chronic stimulation may enhance 
the effect of this nerve target and if successful, 
future studies can be designed to study the impact 
of Chronic Neuromodulation of the Tibial nerve 
as a treatment for IC/BPS.

28.3	 �Where Do We Go from Here

All organs in the body are stimulated by nerves, 
which send signals that affect the organ’s function. 
Modulation of nerve signals to control or correct 
organ function has been recognized as a potentially 
powerful way to treat many diseases. The authors of 
the original 1988 Chapter on Electrical Stimulation 
for the treatment of interstitial cystitis were ahead of 
their time. Neuromodulation, whether transcutane-
ous, percutaneous or implantable is now an active 
area of research to manage various medical condi-
tions. The term electroceuticals is the broad term 
used to describe the use of neuromodulation to man-
age disease. There is a coordinated effort through the 
NIH SPARC initiative and in partnership with indus-
try to enhance our understanding of ideal nerve tar-
gets, develop micro-implants, create active feedback 
loops to improve clinical outcomes and broaden our 
understanding of neuromodulation in the manage-
ment of various medical conditions. The future of 
neuromodulation for the management of interstitial 
cystitis/pelvic pain symptoms is exciting!
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Reappraisal of Transurethral 
Resection in Classic Interstitial 
Cystitis

Magnus Fall

The idea of removing Hunner lesions to improve 
symptoms is not new. Guy Hunner himself found 
that resection of lesions was one means to obtain 
symptom remission, although mostly short-lived 
so he gave up this kind of treatment. TUR was on 
trial more recently [1, 2] but this kind of surgery 
was not accepted when we started our first series. 
Initially, when applying TUR our goals were 
twofold: to obtain sufficient tissue to permit a 
reliable and sufficiently detailed histopathologi-
cal diagnosis, and also to establish whether care-
ful resection of lesions actually could help 
patients. At this stage there was some skepticism, 
with questions like: if you have an ulcer and by 
an operation create an even bigger ulcer, how is it 
possible that such a measure would make any 
improvement? There are reasonable explana-
tions, though [3, 4]: peripheral denervation with 
removal of inflamed nerve endings, reduction of 
aggregates of potent inflammatory mediators and 
elimination of epithelial mast cell recruiting fac-
tors as well as epithelial and subepithelial mast 
cells might cause disease remission. In this con-
text it is worth noting that perineural localization 
of inflammatory cells is a very typical feature in 
classic interstitial cystitis [5]. At the initial stage 
there was also much uncertainty about what 

Hunner lesions really look like [6] and certainly 
about their prevalence. Prevalence was thought to 
be in the range of 5–10% of subjects with bladder 
pain while in our series it is around 50% [7, 8]. 
Recent reports indicate that the use of cystoscopy 
and bladder distension as a routine in BPS/IC—
or lack of such routine—is decisive for the num-
ber of patients with Hunner lesion you detect or 
miss. In centers where the traditional way of 
diagnostics was not abandoned prevalence simi-
lar to ours has been reported. Fortunately, the role 
of cystoscopy is now increasingly appreciated 
worldwide [9, 10].

The electrical settings were on the lowest 
intensity possible, still effective for resection, 
and there was only pin-point coagulation of 
bleeding vessels with no coagulation over large 
surfaces, with the intention to minimize develop-
ment of scar tissue that could promote bladder 
contracture [3]. That makes the operation techni-
cally challenging and now and then also time-
consuming since, based on experience, it is 
important to identify all lesions and remove all 
involved areas including the peripheral edema 
zone; completeness is crucial for the result. That 
is a limitation of this technique since it takes a 
very experienced surgeon to perform mostly 
multiple, wide resections over the entire bladder 
area, typically including the dome, on thin-
walled bladders. Simple coagulation of lesions is 
much easier but carries its own downside, since 
radical wide coagulation in an organ prone to 
contraction seems risky. It is reasonable to 
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believe that the result of TUR would be better 
and more durable, with less risk of inducing 
bladder contracture, although admittedly a rea-
soning of probability since at this stage there are 
no comparative studies. It is also worth noting 
that in a recent large series coagulation did not 
result in bladder volume decrease [11]. When 
comparing various reports duration of symptom 
relief seems to be longer following TUR.

The hitherto largest series [4] confirm the 
remarkable efficacy of this treatment, 92 of 103 
patients having remission of symptoms after 
TUR, and long-term relief. Ablative treatment 
has stood the test of time and is today standard 
treatment with no need of justification as first line 
treatment of classic interstitial cystitis (ESSIC 
type 3C) [12].

29.1	 �What Did We Get Right?

The pioneering initiative by the NIH/NIDDK to 
establish scientific criteria for IC, presented in 
the book of 1990, drew attention to IC and in the 
following years a large number of articles were 
published. It was gradually realized, however, 
that chronic pelvic pain encompasses not only a 
large group of individuals but also a number of 
conditions lacking consensus definition criteria; 
very important notions. At this stage there was a 
conflict between the expansion of the target 
group and the lack of scientific clarity and trans-
parency when grouping together a variety of con-
ditions and syndromes with similar symptoms as 
their principal common feature. We began to 
realize that IC, for example, does not only repre-
sent one disease, but rather various subtypes or 
even various diseases. All treatments cannot be 
expected to work in all subjects. Adequate phe-
notyping is the key to success.

29.2	 �What Seminal Publications 
Changed Our Thinking?

Our contribution was to point out and further illus-
trate the multiple characteristics that differentiate 
classic Hunner IC from other phenotypes of BPS/IC, 

in terms of age at first appearance of symptoms, 
endoscopic presentation, histologic features includ-
ing mast cell expression, response to various treat-
ments, and neurobiological findings [5, 7, 13–16]. 
That also includes notions on prevalence [7, 8].

A real turning point came in 2003 when 
Tomohiro Ueda organized a world meeting on IC 
in Kyoto. The amazing differences between cen-
ters, countries and continents were exposed. The 
first meeting of ESSIC took place in Copenhagen 
somewhat later that year and resulted in epoch-
making publications [12, 17]. Initiatives by large 
organizations to establish guidelines followed 
and has had a great impact, including the AUA 
and EAU guidelines, among many other things 
including the notion that chronic pain might be a 
disease process in its own right [18–21].

29.3	 �Where Were We Off Base?

Pioneering attempts of ablation [1, 2] were depre-
ciated or forgotten, much depending on the mis-
conception that classic interstitial cystitis with 
Hunner lesions was an uncommon syndrome 
with unclear differences to the large population 
of patients suffering from bladder pain.

29.4	 �Where Do We Go from Here?

There are arguments for and against all available 
methods as to possible risks/advantages, like pos-
sible induction of bladder wall scarring, duration 
of remission after treatment and the prevalence of 
side effects. Comparable studies with long-range 
observation would be of interest. Recent interest 
in steroid injection of Hunner lesions can be 
traced to Schulte and Reynolds in 1956. Risk/
benefit ratios of resection, fulguration, and 
steroid injection to treat Hunner disease remain 
to be determined [22, 23].

In the scientific community, treatment meth-
ods require high scoring in level of evidence to 
earn high grades of recommendation. Such grad-
ing depends on the outcome of RCTs. No such 
studies on local ablation in BPS/IC have as yet 
been accomplished but are eagerly awaited.
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Treatment of Interstitial Cystitis 
with the Neodymium YAG Laser: 
A Swedish View

Magnus Fall

Shanberg et al. [1] were the first to use the YAG 
laser for BPS/IC.  Based on observations in five 
patients they stated that treatment should be limited 
to those who are positively diagnosed and have 
failed more conservative forms of therapy. The 
results did not seem as beneficial for patients with 
intractable pain and signs of glomerulations only 
(at this time phenotyping was not part of the clini-
cal routines). Rofeim et  al. [2] presented a more 
recent prospective series of 24 patients with classic 
interstitial cystitis who had failed medical treat-
ment, subjected to ablative therapy of their Hunner 
lesions by means of Nd:YAG laser. The power set-
ting was 15 W. with a firing duration of between 1 
and 3  s. All patients had symptom improvement 
within 2–3 days, including significantly decreased 
pain and urgency as well as substantial increase of 
voiding interval. There were no complications. 
Mean follow-up was 23  months, retreatment 
required in 11 patients. The re-treatment response 
was similar to the initial treatment.

Although the use of YAG laser has been more 
widespread than publications may suggest, the 
mode of ablation might be of secondary impor-
tance. Completeness of ablation may be the most 
important factor, irrespective of instruments 
used. Fulguration using various methods is today 

widely appreciated [3–6]. Simple coagulation is 
technically easier than resection and therefore 
preferred by most urologists, and is today stan-
dard treatment of patients with Hunner lesions 
(ESSIC type 3C).

Points of interest:
	1.	 There are arguments for and against all available 

methods as to possible risks/advantages, like pos-
sible induction of bladder wall scarring, duration 
of remission after treatment and the prevalence of 
side effects. Comparable studies with long-range 
observation would be of interest.

	2.	 In the scientific community, acceptance of 
methods depends much on the outcome of 
RCTs. No such studies on local ablation in 
BPS/IC have as yet been designed and accom-
plished but are eagerly awaited.

References

	 1.	Shanberg A, Baghdassarian R, Tansey L. Treatment 
of interstitial cystitis with the neodymium-YAG laser. 
J Urol. 1985;134(5):885–8.

	 2.	Rofeim O, Hom D, Freid R, Moldwin R. Use of the 
neodymium: YAG laser for interstitial cystitis: a pro-
spective study. J Urol. 2001;166(1):134–6.

	 3.	Payne R, O'Connor R, Kressin M, Guralnick M. 
Endoscopic ablation of Hunner’s lesions in interstitial 
cystitis patients. Can Urol Assoc J. 2009;3(6):473–7.

	 4.	Hillelsohn J, Rais-Bahrami S, Friedlander J, 
Okhunov Z, Kashan M, Rosen L, et al. Fulguration 
for Hunner ulcers: long-term clinical outcomes. J 
Urol. 2012;188(6):2238–41.

M. Fall  
Department of Urology, Institute of Clinical Sciences, 
Sahlgrenska Academy at the University of 
Gothenburg, SE-41345 Göteborg, Sweden
e-mail: magnus.fall@urology.gu.se

30

mailto:magnus.fall@urology.gu.se


140

	 5.	Chennamsetty A, Khourdaji I, Goike J, Killinger K, 
Girdler B, Peters K. Electrosurgical management of 
Hunner ulcers in a referral center’s interstitial cysti-
tis population. Urology. 2015;85(1):74–8. Epub 2014 
Nov 5

	 6.	Niimi A, Nomiya A, Yamada Y, Suzuki M, Fujimura T, 
Fukuhara H, et al. Hydrodistension with or without ful-
guration of Hunner lesions for interstitial cystitis: long-
term outcomes and prognostic predictors. Neurourol 
Urodyn. 2016;35(8):965–9. Epub 2015 Jul 24.

M. Fall



141© Springer International Publishing AG 2018 
P.M. Hanno et al. (eds.), Bladder Pain Syndrome – An Evolution,  
https://doi.org/10.1007/978-3-319-61449-6_31

Treatment of Interstitial Cystitis 
with the Neodymium YAG Laser: 
The Russian View

Andrew Zaitcev

31.1	 �What Did We Get Right?

Fulguration of Hunner lesions is specifically 
recommended for Hunner type IC with evi-
dence level 3 or recommendation Grade B-C 
in clinical guidelines [1–4]. The introduction 
of the neodymium: yttrium aluminum-garnet 
laser (Nd:YAG) in 1985 by Shanberg and 
Malloy [5] offered the theoretical possibility 
of primary Hunner type IC or recurrent ulcer 
treatment. Authors have found it necessary to 
lower the wattage of energy used to prevent 
damage to structures adjacent to the bladder. 
Most patients (17 of 19) with Hunner lesion 
showed good results, but 12 reported recur-
rence of symptoms between 6 and 8  months’ 
post-treatment. The outcome was worse in 
non-Hunner type of disease and did not exceed 
65%. In two patients, small—bowel perfora-
tions occurred.

31.2	 �What Seminal Publications 
Changed Our Thinking?

A study by Chennamsetty et al. [6] reported that 
89.6% of 76 Hunner type IC patients noted some 
degree of symptom improvement after fulguration 

and 98% of patients answered that they would 
undergo fulguration when symptoms recurred. 
Hillelsohn et  al. [7] reported that 45.8% of 59 
Hunner type IC patients required repeated fulgu-
ration with a mean time between fulgurations of 
20.3 months. A recent study by Niimi et al. con-
firmed these observations with a larger sample 
size [8]. In our experience holmium: YAG laser 
seems preferable (with a power of 20 Watt, out-
put energy of 3 J, wavelength of 2100  nm) for 
endovesical coagulation of Hunner’s lesions. It is 
less dangerous and has the same efficacy [9]. 
Results showed a significant immediate reduc-
tion of pain and improvement of the quality of 
life of the patients. By using the usual parameters 
for tissue destruction (blanching without char-
ring) the depth of thermal injury in the bladder 
was kept superficial. Note that when performing 
partial nephrectomies, a twofold reduction in the 
zone of coagulative necrosis was demonstrated 
compared to the use of the continuous wave 
Nd:YAG laser [10].

31.3	 �Where Were We Off Base?

The therapeutic failure rate is higher in non-
Hunner type BPS. The mean time to therapeutic 
failure is shorter in patients with endometriosis, 
irritable bowel syndrome (IBS), pelvic conges-
tion syndrome and other comorbid pain 
syndromes.
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31.4	 �Where Do We Go from Here?

Hunner lesion fulguration is an effective treat-
ment for patients with Hunner type BPS/IC who 
are refractory to less invasive therapies. 
Approximately 50% of patients who undergo ful-
guration require a repeat procedure and most of 
these repeat procedures are done within 3 years 
of initial treatment. Further studies are required 
to obtain clear scientific evidence of the efficacy 
of this treatment modality. Meanwhile, new 
research should be performed in order to identify 
various clinical phenotypes and update classifica-
tion systems based on the multimodal therapeutic 
approach and evaluation of patients.
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Partial Denervation Procedures 
for Bladder Pain Syndrome

Rajesh Taneja

32.1	 �What Did We Get Right?

Partial denervation of bladder was used to treat 
severe urgency and urge incontinence in women 
and was first documented in the year 1959 [1]. 
Over the period of years, Ingleman and Sundeberg 
documented and advocated the efficacy of this 
procedure of partial denervation of the urinary 
bladder through the vaginal route [2, 3]. Cespedes 
and co workers published the results of the same 
procedure with minor modifications to treat urge 
incontinence in women [4, 5]. Rackley and 
Abdalmalak in their compilation of surgical man-
agement of overactive bladder have summarized 
the various possible denervation techniques of 
bladder for use in intractable cases [6].

32.2	 �Where Were We Off Base?

However, in none of the above-mentioned works, 
have authors mentioned the use of partial dener-
vation for bladder pain syndrome. Over the 
period of last 30 years, the understanding of this 
disease entity has gone through a major evolu-
tion, with experts around the globe defining the 
Bladder Pain Syndrome (BPS) as a clearly 

demarcated entity different from overactive blad-
der. It has been clearly understood that the fre-
quency and urgency in cases of BPS is primarily 
due to the pain or discomfort that the patient feels 
upon filling of bladder, and the fact that patient 
learns to get relief of pain/discomfort by will 
fully evacuating the bladder. This is a major devi-
ation from overactive bladder in which the patient 
willfully is trying to prevent the emptying of 
bladder. Thus pain/discomfort perceived to be 
originating from the urinary bladder has now 
been recognized as pivotal to the definition of 
Bladder pain syndrome, erstwhile known as 
interstitial cystitis. Denervation procedures were 
aimed at reducing the frequency and urgency due 
to increased detrusor activity unrelated to pain.

32.3	 �What Seminal Publications 
Changed Our Thinking?

Towards the end of last century, it was recognized 
that the NIDDK criteria for interstitial cystitis 
were good for research purposes but were found 
to be restrictive when applied in clinical practice 
as was documented in the publication by Hanno 
et al. [7]. In another publication, the International 
Continence Society expressed the need for segre-
gating painful condition of the bladder from 
overactive bladder (OAB) [8]. Publication of the 
proceedings during the international consultation 
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on Interstitial cystitis held in Kyoto, Japan 
attempted to define the entity of bladder pain as 
important criteria for diagnosis of Interstitial cys-
titis [9]. The European society for study of inter-
stitial cystitis clearly defined pain or bladder 
discomfort perceived to be originating from uri-
nary bladder as the prerequisite for the diagnosis 
of Bladder Pain Syndrome [10]. These publica-
tions indicated that the condition of Bladder pain 
syndrome was not actually a problem of storage 
as perceived in OAB, but had pain as the primary 
reason for urinary frequency.

32.4	 �Where Do We Go from Here?

None of the major scientific associations issuing 
guidelines for treatment of BPS include denerva-
tion procedures as an option for treating BPS 
[11–13].
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Surgical Therapy of Bladder Pain 
Syndrome

Tomohiro Ueda, Jørgen Nordling, Ralph Peeker, 
and Magnus Fall

Endoscopic techniques have been used exten-
sively, however with mixed results, but are gener-
ally accepted now, when more selectively applied, 
taking the importance of adequate phenotyping 
of BPS/IC into account. Neurosurgical proce-
dures have a decreasing role. Major surgery has 
an important but limited role; the various proce-
dures are extensive and in principle irreversible 
for a condition that otherwise implies a very 
modest risk of death or life-threatening compli-
cations. Many factors must be taken into account. 
Apart from the more immediate problems intra- 
and postoperatively, there are less obvious ones 
like metabolic consequences [1] and the late 
development of cancer after incorporation of 
bowel into the urinary tract [2]. Since 1990 the 
attitude has not changed but rather been strength-
ened: reconstructive procedures have been and 
are still to be regarded as last resorts, to be used 

very selectively when there is nothing else with 
reasonable efficacy to be offered.

The decision of which type of reconstruction 
to choose in BPS/IC might be difficult, especially 
since a somewhat greater selection of methods has 
been used during the last decades. The judgement 
to perform a big operation evolves over a longer 
period of time and should always be preceded by 
thorough and appropriate patient counselling, to 
communicate not only possible gains but even 
more the potential risks with the procedure, and 
to give the patient realistic expectations. Every 
patient scheduled for a complicated reconstruc-
tion must be thoroughly assessed. He/she must 
cope with the long-term consequences; continent 
urinary diversion and cystoplasty both require a 
patient with cognitive ability and a good manual 
dexterity to be able to perform intermittent cathe-
terization if and when necessary. A fact to discuss 
is the high risk of reoperation for patients with a 
continent cutaneous stoma. A careful preopera-
tive assessment of renal and bowel function is a 
necessity when calculating the amount of bowel 
needed for the reconstruction [3]. In contrast to 
the urothelium the bowel mucosa has a significant 
permeability to ammonium chloride, the resorp-
tion of which may bring about hyperchloremic 
metabolic acidosis. A patient with compromised 
kidney function can have difficulties in compen-
sating for this and as a consequence, continent 
urinary diversion can only be offered to patients 
with a glomerular filtration rate in excess of 
40 mL/min/1.73 m2 body surface. Furthermore, 
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the isolation of an ileal segment may compromise 
bile acid reabsorption which in turn may result 
in diarrhea and even, particularly in patients with 
preoperatively compromised anal sphincter func-
tion, anal incontinence [1]. Uptake of folic acid/
cobolamin may likewise be compromised.

Cystoplasty with supratrigonal cystectomy is 
standard with a long tradition (see e.g. Kay and 
Straffon) [4–6]. In Chap. 22 of the book from 
1990 it is stated that the “treatment goal is to 
convert a high-pressure, non-compliant, small 
capacity bladder to a low-pressure, compliant, 
high capacity reservoir”. When sticking to that 
goal you are essentially on the safe side. In fact, 
our hard-earned experience is that the patient 
who definitely benefits from a major operation, 
with incorporation of bowel into the urinary 
tract, is the patient with end-stage classic inter-
stitial cystitis and severely reduced bladder 
capacity, at the stage when bladder wall inflam-
mation has burned out [7]. Before that fact is 
realized and severe symptoms rather than critical 
clinical parameters determine indications for 
surgery, frustration for the patient and the doctor 
is unavoidable [8] even with more extensive sur-
gery including continent and incontinent urinary 
diversion [9].

33.1	 �What Did We Get Right?

A reconstruction allowing urethral voiding, 
when feasible, is always to be preferred and 
urethral sparing (and mostly also trigonal spar-
ing) techniques were and are first choice. 
Caecocystoplasty, followed by the functionally 
preferable ileocystoplasty and later, for very 
special circumstances, the orthotopic bladder, 
follow that principle, with diversion as a second 
line alternative.

33.2	 �What Seminal Publications 
Changed Our Thinking?

Several studies presented since 1990 agree that 
patients with a preoperatively large bladder 
capacity are unsuitable for cystoplasty [7, 9, 10] 

and require contemplation of other measures, 
while patients with a small, contracted bladder 
do well.

33.3	 �Where Were We Off Base?

Generally speaking, many previous reports on 
major reconstructive surgery have failed to rec-
ognize the decisive importance of phenotyping of 
BPS/IC, and small patient series combined with 
short follow-up have made conclusions doubtful.

One technique increasingly used after 1990 
deserves special mention. The pioneer of conti-
nent diversion professor N. G. Kock, working in 
our institution, translated his principles into 
diversion of urine [11]. This is an elegant way to 
spare the patient an external appliance with all 
its drawbacks. All varieties of continent diver-
sion rest on the Kock principle. A fact that was 
made evident by time. However, there is a high 
risk of reoperations in patients with a continent 
cutaneous stoma, and in this context an impor-
tant notion is that a follow-up report found that 
although some 90% of the patients with a Kock 
pouch had a well-functioning diversion, patients 
with benign functional or inflammatory diseases 
were distinguished by clearly more reservoir 
problems than patients with spinal cord injury or 
malignant disease [12]. Because of these experi-
ences, by us continent diversion in BPS/IC is 
rare today.

33.4	 �Where Do We Go from Here?

A restrictive and critical attitude is wise when 
contemplating major surgery in BPS/IC.  In one 
category there is no reason to hesitate, though, 
and that is in end-stage classic IC with scar con-
tracted bladder. In this situation we preferably 
use ileocystoplasty, provided there are no specific 
contraindications. In a frailer subject a Bricker 
conduit may be chosen.

Being aware of differing opinions about the 
role of major surgery, e.g. usefulness of diver-
sion, cystectomy/no cystectomy etc. our conten-
tion is that the decisive factor for a successful 
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outcome, like in any measure in BPS/IC, is 
critical evaluation of the detailed and accurate 
diagnostic assessment.
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The Birth of Conservative 
Management, Prescription Drug 
Applications, and Pelvic Floor 
Physical Therapy

Rebecca Rinko, Nima Shah, Melissa Dawson, 
and Kristene Whitmore

34.1	 �Where Were We Off Base?

Although there is still much to learn about inter-
stitial cystitis/bladder pain syndrome (IC/BPS), 
the options for treating the symptoms of the dis-
ease have expanded significantly over the last 
30 years. Many of the newly accepted choices for 
managing IC/BPS symptoms are conservative 
measures that have become the mainstay of treat-
ment for many patients. Much of the focus for 
treatment has been on the bladder. Another key 
component in the management of IC/BPS is to 
treat the pelvic floor along with the bladder.

34.2	 �What Seminal Publications 
Changed Our Thinking?

Thanks to the work that has been done by 
Dr.  Mary P.  Fitzgerald, Dr. Robert Moldwin, 
Dr. Barabara Shorter, Dr. Kristene E. Whitmore, 

and their colleagues, we have a better under-
standing of the role that conservative treatments 
have in symptomatic relief of IC/BPS.  Their 
research and publications changed the way in 
which we treat patients and are sited throughout 
this chapter [1–8].

34.2.1	 �Complementary 
and Alternative Medical 
Therapies

Interstitial cystitis is complex and therefore 
requires a multidisciplinary approach to treat-
ment. Strong evidence for complementary and 
alternative medical therapies is limited, but they 
have been found to be beneficial for treating 
patients with IC/BPS and other chronic pelvic 
pain syndromes (CPPS).

34.2.2	 �Dietary Modification

Dietary modification is considered standard IC/
BPS therapy and is included in the American 
Urological Association guidelines. This elimi-
nation diet includes an avoidance of certain food 
types considered to be bladder irritants, includ-
ing citrus, coffee, artificial sweeteners, alco-
holic beverages, arylalkylamine- containing 
foods and tomato-based products which often 
exacerbate IC symptoms [4, 7, 9, 10]. It is rec-
ommended for each patient to have a dedicated 
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hour of teaching and assessment for food/bever-
age consumption and adequate nutrition, and to 
emphasize steady water intake to dilute urine 
and reduce constipation [8, 11]. Evaluation of 
food, symptom and voiding diaries are impor-
tant to identify triggers and compose an indi-
vidualized and effective elimination diet [11].

34.2.3	 �Physical Therapy

IC/BPS is often accompanied by hypertonic, 
hyperspastic myofascial tissue. Physical therapy 
can help reduce irritative voiding symptoms by 
realigning the bony pelvis as well as stretching 
and strengthening the muscles of the pelvis. 
Manual therapy, myofascial massage, Thiele 
massage, and muscle-energy techniques help 
stretch and strengthening the pelvic floor [6, 8]. 
Myofascial Massage was shown to be more 
effective than global massage in treating pelvic 
pain [2, 3]. Thiele massage was also beneficial 
in treating chronic pelvic pain, and the tech-
nique is often performed by certified pelvic 
floor physical therapists [12, 13]. Dilator ther-
apy and myofascial trigger point wands have 
also been used successfully in treating chronic 
pelvic pain [14].

34.2.4	 �Biofeedback

Bladder retraining and biofeedback are methods 
for patient initiated control of voiding symptoms, 
IC/BPS, and pelvic pain [1]. Patients learn to 
control pelvic floor muscles through visual feed-
back to achieve conscious control over contrac-
tion and relaxation of these muscles with a goal 
to break the cycle of the spasm [6]. Biofeedback 
has minimal risks, is safe and has shown to be 
effective in treating CPPS [15].

34.2.5	 �CBT/Psychotherapy

Patients with IC/BPS have considerable cognitive 
and psychosocial changes, and have difficulty 
coping and have altered pain sensory mechanisms 

[16]. Changes, including improved coping strate-
gies, can predict positive treatment outcomes by 
reducing helplessness, increasing perceived con-
trol, and decreasing pain catastrophization [17]. 
Contextual cognitive behavioral therapy (CCBT) 
may be particularly effective for those with 
change-resistant behavior as found in multi-prob-
lem cases [18]. CCBT incorporates principles of 
exposure, acceptance, cognitive de-fusion, mind-
fulness and value-based methods. Primary goals 
of treatment are to increase patients’ psychologi-
cal flexibility for dealing with unwanted experi-
ences and improve their engagement in activities 
that are important, ultimately decreasing the dis-
ability associated with chronic pain [18, 19].

34.2.6	 �OMT

Osteopathic manipulative therapy (OMT) 
includes techniques of muscle energy, balanced 
ligamentous tension, myofascial release, and 
counterstrain to help treat symptoms of IC/BPS 
and stabilization of pelvic support and posture. 
The philosophy of whole body and individualized 
therapy is maintained through OMT [20]. Women 
with IC/BPS responded better to treatment with 
myofascial physical therapy than to global thera-
peutic massage [3]. Osteopathy has also been 
show to help those with chronic pelvic pain syn-
dromes in addition to IC/BPS [21].

34.2.7	 �Acupuncture

Acupuncture has been well-accepted therapy for 
modulation of bladder storage and emptying 
functions. There has been evidence of subjective 
and objective improvement following acupunc-
ture therapy, especially in patients with refractory 
IC/BPS [22, 23]. Posterior tibial nerve stimula-
tion (PTNS) has been found to show improve-
ment in nighttime voiding, bladder volume, IC 
problem and symptom indices, and health status 
scales scores in a small group [24]. Success rates 
have been found to be 60–80% improvement in 
leakage episodes, nocturia, daytime frequency, 
voided volume and number of pads used [25, 26]. 
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Further studies utilizing PTNS for IC/BPS are 
pending.

Multimodal therapy requires strong patient 
driven coping mechanisms as well as patience 
and determination. By actively participating 
in care, patients maintain a sense of control 
and can improve coping mechanisms [7]. In a 
study comparing IC patients and age-matched 
healthy controls there was greater mean daily 
stress, with a significant relationship between 
stress and urgency [27]. Guided imagery has 
also been found to improve urgency and pain 
scores in patients [28]. Exercise, stress relief, 
sleep hygiene, and yoga are alternative methods 
to reduce stress in the hopes of decreasing the 
severity of symptoms.

34.2.8	 �Over the Counter Medications

Several over the counter medications have been 
found useful in reducing IC/BPS symptoms. 
CystoProtek® is an oral supplement. The active 
ingredients include glucosamine sulfate, 280 mg; 
chondroitin sulfate, 300 mg; Sodium Hyaluronate, 
20  mg; quercetin, 260  mg; rutin, 40  mg. 
Glucosamine sulfate, chondroitin sulfate and 
Sodium Hyaluronate are glycosaminoglycans 
(GAG) that may help to protect the bladder lin-
ing. Quercetin, an antioxidant, and rutin, with 
ant-inflmmatory properties, reduce bladder 
inflammation. CystoProtek® 4 capsules per day 
decreased pain scores significantly [29].

Prelief® is another oral supplement comprised 
of calcium glycerophosphate. Prelief takes the 
acidity out of common IC/BPS dietary triggers 
including coffee, tomato sauce, fruits and wine. 
This treatment is directed to those patients whose 
bladder is sensitive to these triggers [6]. In 
patients who took two tablets before each meal 
for a total of 4 weeks, pain and discomfort and 
urgency were significantly decreased and quality 
of life was either the same or improved [30].

Another over the counter supplement is, 
Quercetin. Quercetin is a flavonoid found in 
many plants. With antioxidant qualities it is felt 
that the supplement help reduce irritative symp-
toms of IC/BPS.  Patients who took 500  mg of 

quercetin twice a day for 4  weeks discovered 
symptom improvement [31].

34.2.9	 �Pharmacologic Treatment  
(Off Label Use)

The pharmacologic treatment of IC/BPS can be 
complex. Uribel® is an oral treatment that contains 
methenamine used to treat bladder discomfort, 
pain and frequent urge to urinate. Methenamine 
is an active ingredient in Uribel® and several 
other medications indicated for the treatment of 
recurrent UTIs. This anti-infective mechanism 
has been shown to prevent recurrent UTIs in 
women and is used in several formulations such 
as Urogesic-Blue™ for the treatment of IC/BPS 
although no studies have proved its efficacy in 
decreasing symptoms in this population [32, 33]. 
Similar medications such as phenazopyridine 
also reduce the urinary symptoms of IC/BPS by 
acting as a local analgesic to the bladder [34].

Antidepressants are used in the treatment of 
IC/BPS, although amitriptyline is the only drug 
that has been studied in chronic urological pelvic 
pain [35]. Duloxitine is a serotonin-norepinephrine 
reuptake inhibitor approved for the treatments of 
major depressive disorder, fibromyalgia and 
chronic pain and is used for the treatment of 
female stress urinary incontinence exclusively in 
Europe. It has been used in the treatment of IC/
BPS [36]. Tricyclic antidepressants, specifically 
nortriptyline has been shown in a small study to 
decrease pain in women diagnosed with chronic 
pelvic pain [37].

Montelukast is a leukotriene receptor antago-
nist that may decrease the inflammatory process 
and improve bladder pain and urinary urgency 
while used in collaboration with other oral medi-
cations [38]. Diazepam is a well known for its 
antispasmodic activity in the treatment of muscle 
hypertonus and may also be effective in the treat-
ment of IC/BPS [39, 40].

The Interstitial Cystitis Association (ICA) 
conducted an internet-based survey on comple-
mentary and alternative medical (CAM) thera-
pies. Of those who responded, only 55% had 
physicians who recommended these therapies. 
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Patients considered physical therapy, heat and 
cold, meditation and relaxation, acupuncture, 
stress reduction, exercise and sleep hygiene as 
helpful. In addition, those who were recently 
diagnosed showed more improvement with thera-
pies than those with a longstanding diagnosis [5]. 
This only affirms the need for physicians to dis-
cuss CAM therapies and to create an individual-
ized therapeutic plan that is unique for the specific 
IC/BPS patient.

34.3	 �Where Do We Go from Here?

We have come a long way in our knowledge 
and understanding of IC/BPS. IC/BPS patients 
present with varying levels of pain and with 
various triggers. We can better serve our 
patients now, than ever before, using conserva-
tive and alternative treatments as an important 
part of the overall care plan. There are still 
areas of conservative and CAM therapies that 
are not well studied. Randomized control trials 
are needed to improve our use of all of these 
modalities. Other areas of interest for IC/BPS 
patients are the effects of different types of acu-
puncture, Chinese medicines, yoga, Reiki, 
meditation, hypnosis, different massage tech-
niques, and guided imagery on symptom relief 
and pain management.
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Abstract

In 1984, interstitial cystitis (IC) was considered a rare psychosomatic 
disorder in post-menopausal women. In 2014, the Interstitial Cystitis 
Association of America (ICA) celebrated its 30th anniversary. We’ve come 
a long way since 1984 and great progress has been made. IC is now recog-
nized as a condition. That afflicts both men and women of all ages, includ-
ing children and teenagers. It is not a psychosomatic disorder. Though it 
was once thought to be an orphan Disease (defined as affecting less than 
200,000 people), we now know that there are millions of women and men 
who suffer from IC/BPS (bladder pain syndrome). In looking back over 
the past 30 years, there were seven key reasons why the ICA Became so 
successful: an extremely dedicated ICA staff, Board of Directors and 
Volunteers, a very strong Medical Advisory Board and participation of 
many other Urologists from across the country and around the world; 
cooperation of the media; epidemiological studies; the ICA’s Pilot 
Research Program; advocacy and our representation in Congress; and a 
strong working partnership with the National Institutes of Health (NIH).  
Great progress has been made, although we are still in the very early stages 
of understanding this disease, its causes, and finding treatments that are 
uniformly effective.

35.1	 �In the Beginning

In 1983, as a third year medical student, I came 
down with severe suprapubic pressure, urinary 
urgency, frequency and burning pain in my 
bladder. The pain felt like a lit match in my ure-

thra. I was barely able to function, and found it 
almost impossible to concentrate. I assumed 
I had a UTI, but a complete work-up was nega-
tive and antibiotics failed to reduce the symp-
toms. In search of a diagnosis and relief from 
the severity of the symptoms, I sought help from 
one urologist after another—a total of 14. Many 
told me that the tests were negative and that 
there was nothing they could do for me. Others 
suggested that I was not cut out to be a doctor 
and that I should drop out of medical school, get 

V. Ratner, M.D.  
Founder and President Emeritus, Interstitial Cystitis 
Association of America, McLean, VA 22102, USA
e-mail: VRatner@aol.com

35

mailto:VRatner@aol.com


156

married, and settle down into a more traditional 
lifestyle. I spent the last 2  years of medical 
school in intense, unremitting pain and isola-
tion, imagining that I was the only one in the 
world with this disease.

Ultimately I made the diagnosis myself. 
While researching the problem in my medical 
school library (using Index Medicus at that 
time), I came across a footnote. It was almost 
11 p.m., I was exhausted and ready to quit, the 
library was about to close. With little energy left 
after 2  days of searching, I pushed myself to 
stay, and to my amazement, that footnote led me 
to an article that described my case exactly. It 
was entitled “Early Interstitial Cystitis”, pub-
lished in 1978 by Ed Messing and Thomas 
Stamey, both from Stanford University Medical 
Center [1]. I was told by the chief resident of 
urology at my medical center at that time not to 
‘hang my hat’ on just one article. It’s a good 
thing I did.

Since my bladder looked normal during a 
routine cystoscopic procedure in the office, it 
took many months of convincing the urologist 
at my medical center to consider a cystoscopy 
under general anesthesia. The procedure was 
eventually done, according to the recommen-
dations in the article I had found. The diagno-
sis was finally made based on numerous 
glomerulations seen on second distention of 
the bladder. (I realize that this does not neces-
sarily meet today’s criteria, but back in 1984 it 
did). For me, it was an enormous relief just to 
know that there was a name for what I was 
suffering from.

Prior to the mid-1980’s, Interstitial Cystitis 
(IC) could still be found in the psychosomatic 
chapter on urologic conditions, described as a 
rare psychosomatic disorder which “may repre-
sent the end stage of a bladder that has been 
made irritable by emotional disturbances… a 
pathway for the discharge of unconscious 
hatred” [2]. In 1986, when the new edition of 
Campbell’s Urology was published, IC was 
acknowledged as a real disease. The section on 
IC in the chapter on psychosomatic illness was 
removed, in fact the entire chapter was removed, 

prompted by a letter I had written in 1985 to the 
editors of Campbell’s Urology.

35.2	 �Establishment of the ICA

In 1984, I was interviewed by WNBC news in 
New  York City about IC.  Among the many 
women who responded, all had a similar experi-
ence to mine, and a small group of us got together 
under my leadership, and we formed an organiza-
tion called the Interstitial Cystitis Association of 
America. (ICA) I was doing my orthopedic sur-
gery residency at that time, and taking charge of 
the ICA added an enormous amount of work to 
my already overwhelming schedule. We all sus-
pected that there were many more patients out 
there suffering with the same symptoms, so we 
obtained official non-profit status in December, 
1984, and founded The Interstitial Cystitis 
Association of America. Word spread to 
Philadelphia, and Phil Hanno, M.D. and his team 
of researchers at the University of Pennsylvania 
contacted me in the early spring of 1985 and we 
met to discuss IC, based on the responses we 
received from WNBC news and a recommenda-
tion from an IC patient that lived in Philadelphia.

Two weeks after we met, I was invited to be 
interviewed by ABC’s Good Morning America, 
a very popular national morning show. Dr. Phil 
Hanno joined me. On the basis of a 5 min inter-
view, the ICA received a response of over 10,000 
letters during the first week alone. Over the 
ensuing 3 months, the ICA received over 100,000 
letters. It was the largest phone response that 
“Good Morning America” had ever received, 
and they invited Dr. Hanno and me to be inter-
viewed again 6 months later. This interview put 
the ICA “on the map.”

35.3	 �The Patients

There were clearly thousands and thousands of 
women, and to a lesser degree men, who were suf-
fering with nowhere to turn to for help. They had 
all gone through the same experience that I had: a 

V. Ratner



157

negative work-up, told nothing was wrong or that 
the symptoms were all in their head. They had all 
seen numerous urologists. Their ages ranged from 
young to old, and many of the older patients had 
had symptoms for most of their adult lives. This 
was definitely not a post-menopausal disease. We 
now know that the average age of onset for this 
disease is 40 years old (25% are under this age), 
and that it affects children and teenagers, although 
much less frequently.

In 1987, the following letter was syndicated 
nationwide:

Dear Ann Landers,
“After three years of non-stop pain, 40–60 bath-
room trips a day, little sleep, lots of tests, 12 doc-
tors, hundreds of allergy shots, diets, antibiotics, 
and six unnecessary operations, I have finally been 
diagnosed as having interstitial cystitis, a ‘rare’ 
disease that doctors seldom look for and may turn 
out not be to so rare….

35.4	 �The Doctors

Early on, despite most urologists still not believ-
ing their patients, a small group of extremely 
dedicated urologists and researchers began to 
work with the ICA in the capacity of the ICA’s 
Medical Advisory Board. The earliest Board 
members were Drs. Phil Hanno (U. Penn), Alan 
Wein (Chairman, U.  Penn), and Grannum Sant 
(Tuft’s Medical Center). They gave us invaluable 
advice and opened many doors which would have 
otherwise been closed to us. With an ever increas-
ing cadre of excellent researchers, many new 
theories on etiology and treatment are currently 
being evaluated.

35.5	 �What Did We Get Right?

Great strides have been made since 1984, when the 
Interstitial Cystitis Association of America (ICA), a 
non-profit advocacy group, was established. Since 
that time, there has been a substantial increase in 
awareness and understanding of Interstitial Cystitis/
Bladder Pain Syndrome (IC/BPS) and Chronic 
Prostatitis/Chronic Pelvic Pain (CP/CPPS) among 

general physicians, urologists, gynecologists, uro-
gynecologists, as well as the public at large.

35.6	 �The Media

We could not afford to hire a public relations 
firm, so I personally wrote numerous letters to 
TV stations, newspapers and women’s maga-
zines in an effort to get media coverage about 
IC. At first, there were many rejections – “not 
for our audience,” or “call back when you find a 
cure.” It took a tremendous amount of persever-
ance to succeed in getting information about IC 
in print and on TV, and I did this entirely by 
myself.

I was ultimately extremely effective in “get-
ting the word out” in both national and local tele-
vision programs, national and local newspapers, 
and all the major national women’s magazines. 
Once a story on IC was aired on the news, or an 
article appeared in print, patients were able to 
identify themselves (or their friends and rela-
tives) and then contact the ICA.  These people 
were then able to go to their doctors armed with 
information from the ICA and the media, for 
example, an article by Jane Brody from the  
New York Times. The doctors were then more 
likely to listen to the patients and believe them.

35.7	 �Had It Not Been for the ICA, 
Research Would Have Never 
Begun

35.7.1	 �On IC/BPS

The media, as mentioned previously, was critical 
in finding the IC/BPS patients nationwide. This 
led to the establishment of the ICA, whose goals 
were to educate both physicians, healthcare pro-
viders and patients about IC, provide support for 
patients, and raise funding for research. Our web-
site, www.ichelp.org has a wealth of information, 
in addition to having a strong social media pres-
ence. We provide numerous brochures and fact 
sheets on a multitude of subjects, and respond to 
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numerous letters and emails from around the 
world, as well as phone calls, which we usually 
receive from within the U.S. There are many state 
and local support groups for patients. As a result, 
patients learn so much from each other and feel 
much less isolated. In addition, the ICA produces 
a quarterly newsletter, and a monthly e-newsletter 
which updates physicians and patients on 
research and other important news.

The ICA has been instrumental in supporting 
IC/BPS research in several ways. Since the begin-
ning, our own annual ICA Pilot Research Program 
has been very successful. However, these small 
grants, many of which have gone on to receive 
NIDDK funding, were hardly sufficient to ensure 
adequate funding for such a complex disease as 
IC/BPS. These ICA grants are only the first step. 
We needed the support of Congress, who controls 
the NIH (National Institutes of Health) budget.

35.7.2	 �Advocacy

Having found each other through the media, we 
learned that we were not alone, and knew much 
more about our condition then most doctors did. 
For example, IC patients were the first to figure 
out that there were other associated medical con-
ditions, and the list is almost identical to the list 
that is used today [3].

Many patients from all types of backgrounds, 
whether they were housewives or teachers, nurses 
or secretaries, became activists and educators. 
We had a collective voice. This had a tremendous 
impact on NIH funding and policy for Interstitial 
Cystitis, much like the Breast Cancer Movement, 
the Aids Movement and many other patient orga-
nizations fighting for recognition of often lesser 
known diseases that they or a family member 
were afflicted with [4].

This collective voice had major political rami-
fications early on. Since its inception, the ICA 
has been extremely successful in testifying, lob-
bying and securing funding from Congress that 
has been dedicated specifically for IC/BPS 
research at the Division of Urology at NIDDK.

We were extremely fortunate that Senator 
Harry Reid (D) Nevada worked diligently with 

the ICA for over 25  years. During the early 
1990s, several of the ICA staff and Board 
Members met with U.S. Senator Reid at his office 
in Nevada, and he took our cause very seriously. 
From that time on, he was always our champion. 
He made sure that funding was available for IC 
research, and that it went specifically towards 
projects that both the ICA and the Division of 
Urology had outlined. With the support not only 
of Senator Reid, but Dr. Lee Nyberg, Director of 
Urology at NIDDK, (now retired) and Dr. Chris 
Mullins, the current Director of Urology, we 
were able to get funding for IC specific research. 
As time progressed, Senator Reid became 
Majority Whip, and then Majority Leader of the 
Senate. It is most unfortunate that, due to a severe 
eye injury, Senator Harry Reid has had to retire. 
We will be forever indebted to him for his consis-
tent and persistent work on our behalf.

35.7.3	 �International

Biannual conferences co-sponsored by the 
Division of Urology at NIDDK and the ICA over 
many years, as well as having an ICA booth at the 
annual AUA (American Urological Association) 
meetings, prompted many new researchers in urol-
ogy in the United States and around the world to 
begin their own research on IC/BPS, its etiology, 
treatment and ultimately its cure. Patient groups 
similar to the ICA were established in Germany, 
Italy, Belgium, France and Japan, among others. 
Many of us work together. In 2009, The ICA as 
well as other patient organizations around the 
world, joined ESSIC (European Society for the 
Study of IC/BPS), a professional medical organi-
zation. What initially began as a European orga-
nization, has now expanded worldwide, although 
it retains its original name.

35.8	 �Where Were We Off Base?

It is too premature to conclude that IC/BPS be 
considered a systemic disease. Although it does 
have associated conditions, there are no biomark-
ers or other factors linking them all under a 
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unifying condition. It has been noted that there 
are changes in the white matter and grey matter in 
the brain of IC/BPS patients. These changes are 
more likely to be a result of, not a factor in the 
etiology of IC/BPS.  We have not been able to 
produce an animal model thus far. If we knew 
what caused IC/BPS, an animal model would 
make a great difference in testing treatments for 
the condition. Currently, the proposed animals 
are based on somatic or chemical models, how-
ever IC/BPS is a visceral pain condition, not a 
somatic one. And lastly, a mean symptom sever-
ity score of 4.3 (1–10) in the IC/BPS patient pop-
ulation is surely an underestimation.

35.9	 �Where Do We Go from Here?

Having reviewed many papers about the newer 
theories on the etiology of IC/BPS, the most 
promising idea comes from a fascinating paper on 
Familial Crohn’s Disease, which was recently 
published in mbio—American Society of 
Microbiology in late 2016. The authors of this 
study found that in many cases, Familial Crohn’s 
Disease is caused by a biofilm produced by three 
organisms: Candida Tropicalis, E.  Coli, and 
S. Marcescens [5]. These organisms, including a 
fungus, work in concert to form a biofilm. A com-
bination of organisms including a fungus, with the 
biofilm that they produce together on the lining of 
the bladder, could very well be the etiology of IC/
BPS.  In considering this mechanism, cultures 
would be negative, and the symptoms of IC/BPS 
would not respond to antibiotics. I hope that in the 
future, this area will be explored thoroughly.

Another etiology that appears to have been 
overlooked or dismissed is a theory that involves 
mast cells.  It is worthwhile taking a second look.  
In the bladder, mast cells are in close proximity 
to neurons, as they are in all areas of the body. 
They all communicate with each other.  Mast 
cells can both degranulate as well as transgranu-
late via the formation of filipodia (thin, finger-
like projections) that attach directly to the 
neuronal membrane via endocytosis.  The inflam-
matory mediators are released directly into the 
nerves of the bladder and could initiate and 

propagate the symptoms of IC/BPS via neurons 
in the bladder, which would then travel up the 
spinal cord to the CNS.  Mast cells also degranu-
late directly into the bladder, and this could trig-
ger symptoms as well.  Some mast cells can even 
release inflammatory mediators without degranu-
lation. Mast cells may be normal in number but 
could be hyper-responsive and degranulate more 
frequently than normal.   This is another area that 
warrants investigation.

The MAPP studies (Multidisciplinary 
Approach to the Study of Pelvic Pain), which 
began in 2008 and should be concluded within 3 
more years) will no doubt shed a great deal of light 
on IC/BPS. While it is important to acknowledge 
how far we have come, it is important to keep in 
mind how far we have to go, how much misery 
this condition is still causing, how many hundreds 
of thousands of lives it continues to ravage.

“…..Part of the problem was that she was 65, and 
had probably had undiagnosed IC for almost 20 
years….and was just diagnosed only 4 years 
ago….  I read the letter my mother left me.  She was 
so sad to go, in fact did not want to go, but she 
could see no other way.  She wasn’t depressed or 
mentally ill at the time she made her decision….. 
Next to her bed was “The Final Exit”, by Derek 
Humphry.  While the doctors failed her, Mr. 
Humphrey gave my mother a way to end her pain 
easily, effectively, and quickly.  It was a relief to 
learn that she did not suffer and it did not take 
long.  But what a sad end to a vibrant woman’s 
life!  She was so very young for her age and it 
pains me to think of what IC took from her.”  
(Survived by 2 daughters and 2 grandchildren)
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Back to the Future: Looking 
Forward by Examining the Past

John W. Kusek and Chris Mullins

The plot for the classic movie, Back to the Future, 
begins with two of the main characters trans-
ported 30 years into the past. As the movie con-
cludes they traverse 30 years into the future. We 
are taking a similar voyage in time with Bladder 
Pain Syndrome, Thirty Years Later. Edited by 
long time leaders in the field, this unique volume 
takes the reader on a trip in a “time machine” 
through over 30 years of interstitial cystitis/blad-
der pain syndrome (IC/BPS) research and reveals 
based on what we know now “what we got right 
and where we missed the mark”. Our contribu-
tion looks forward to examine the unmet needs of 
patients with IC/BPS for a number of important 
domains including etiology, diagnosis, progno-
sis, treatment, and prevention. We offer our com-
ments on how these areas could be further 
investigated by adopting a more comprehensive 
approach [1] and applying new research technol-
ogies to this syndrome to propel us into the age of 
precision medicine [2]. An important goal in this 
journey is to identify the “right treatment for the 
right patient at the right time”. This will require a 
substantial evolution of our knowledge. Given 

our current understanding and ongoing research 
efforts we believe that the time required for these 
advancements while significant, will be acceler-
ated in the coming years, as new technologies 
and scientific strategies are applied to the study 
of this challenging syndrome. We anticipate this 
will be an exciting period of time as these 
research advances translate into significantly 
improved care of patients with IC/BPS and ulti-
mately their prevention founded on identification 
of underlying risk and susceptibility factors.

36.1	 �Etiology

“Despite attempts of many workers to clarify mat-
ters, its (interstitial cystitis) etiology remains 
obscure” [3].

IC/BPS remains an enigmatic syndrome. 
Although considerable effort has been expended 
over the past several decades to identify infectious 
and non-infectious causes for this syndrome none 
have emerged as leading candidates. Thus, the 
clinical diagnosis of IC/BPS remains mainly based 
on excluding known illnesses and conditions-the 
so-called “confusable diseases”. This lack of pre-
cision in making a diagnosis undoubtedly leads to 
heterogeneity of patients and difficulty in match-
ing the right patient with the right treatment. Thus, 
it is not surprising to observe use of multiple treat-
ments in many patients and subsequent failed 
response to therapy. Importantly, the disappointing 
findings from many randomized clinical trials may 
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be the result of study designs involving such broad 
groups of patients with diverse causes of their 
symptoms.

We believe we are now embarking on a period 
of substantial discovery that will delineate patho-
physiological factors underlying IC/BPS. Studies 
utilizing state-of-the-art technology to assess the 
urinary microbiome, [4], metabolome [5] and 
proteome [6] hold great promise to better under-
stand biological factors that contribute to initiat-
ing disease and those that exacerbate established 
disease (e.g., precipitate symptom worsening). 
Non-biological factors, including psychosocial 
characteristics will likely add important insights 
[7]. Combining the findings from these various 
approaches, as well as genetic studies [8], will 
require application of sophisticated statistical 
techniques to complex data sets from large and 
well-designed studies of IC/BPS patients.

36.2	 �Diagnosis

“The diagnosis of BPS is thus made on the basis of 
exclusion of confusable diseases and confirmation 
by the recognition of the presence of the specific 
combination of symptoms and signs of BPS” [9].

As noted previously, IC/BPS remains primar-
ily a diagnosis based on exclusion of other dis-
eases and illnesses. The landmark 1988 
publication of the National Institute of Diabetes 
and Digestive and Kidney Diseases (NIDDK) 
Consensus Criteria for the Diagnosis of Interstitial 
Cystitis (“the NIDDK Diagnostic Criteria”) was 
an important first step to standardize the type of 
patients with IC enrolled in clinical research 
studies [10]. Subsequently it was recognized that 
applying these criteria was challenging. A report 
by Hanno and colleagues from the NIDDK-
sponsored Interstitial Cystitis Database (ICDB) 
Study noted that upon applying these criteria 
more than 60% of patients traditionally classified 
by researchers as “definitely” or “likely” to have 
IC [11] would not have been included in this first 
ever major prospective study of IC. This observa-
tion and others resulted in a broadening of the 
NIDDK criteria for future research studies and 
ultimately to an expansion of the clinical 

spectrum of patients enrolled in clinical research 
studies of IC and the evolution of new terminol-
ogy. As an example, the NIDDK Multidisciplinary 
Approach to the Study of Chronic Pelvic Pain 
(MAPP) Research Network describes IC/BPS 
patients (along with patients with chronic prosta-
titis/chronic pelvic pain syndrome [CP/CPPS]) 
under the new broader term Urologic Chronic 
Pelvic Pain Syndrome (UCPPS) [12, 13]. While 
not directly improving upon the diagnosis of IC/
BPS this broadened designation has permitted a 
more comprehensive, less “bladder-centered” 
view of this syndrome. This idea that IC/BPS 
may involve systemic contributors has promoted 
the growing research trend toward more diverse, 
multi-disciplinary studies. At the forefront of this 
trend, the MAPP Research Network (http://www.
mappnetwork.org/) is conducting highly inte-
grated studies designed to identify underlying 
biological and non-biological factors contribut-
ing to IC/BPS development and progression and 
to aid in the classification of clinically relevant 
patient sub-groups. This involves a comprehen-
sive examination of the urologic and non-urologic 
systems through epidemiological, neurological, 
and molecular approaches, as well as studies of 
animal models selected to mimic the human con-
dition. The goal is to inform the next generation 
of clinical research studies, especially random-
ized clinical trials, and ultimately improve patient 
care through new insights.

36.3	 �Prognosis

“It’s tough to make predictions, especially about 
the future”, Yogi Berra

Despite the chronicity of IC/BPS surprisingly 
few studies have been conducted to determine 
factors that may predict future course. Such stud-
ies need to be relatively large, prospective in 
design, enroll participants with a broad range of 
clinical and demographic characteristics (age, 
symptom severity, time from diagnosis, etc.), col-
lect extensive in-depth information (conduct 
“deep phenotyping” and apply new technology) 
and utilize state-of-the art statistical methods to 
fully characterize the features and clinical course 
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of the participants. The first large-scale study to 
prospectively follow men and women with inter-
stitial cystitis was the ICDB Study [14]. Although 
over 600 women and men with IC were enrolled 
in that study and followed for a median of 
31 months, a high rate of lost to follow-up (31%) 
did not allow identification of factors predictive 
of symptom improvement or worsening. A 
decade later in 2008 a major new initiative on IC/
BPS (and CP/CPPS), the MAPP Research 
Network [12, 13] was established. A major com-
ponent of the now completed first phase of this 
multidisciplinary research program was a one-
year longitudinal study of over 400 men and 
women with UCPPS.  In the second phase, a 
larger (projected sample size to exceed 600) and 
longer (in some cases follow-up will be longer 
than 3 years) observational (“treated natural his-
tory”) epidemiological study with extensive phe-
notyping is currently underway. Studies such as 
those conducted by the MAPP Research Network 
hold promise to determine whether characteris-
tics measured at baseline and those assessed dur-
ing follow-up can predict symptom progression 
and regression over time.

36.4	 �Treatment

“Although there are evidenced-based data sup-
porting certain treatment approaches for (intersti-
tial cystitis) patients in clinical studies, the 
unsolved question in clinical practice remains, 
‘Who is the ideal patient for a given treatment 
approach?’” [15]

Clinical management of IC/BPS is undoubt-
edly in need of new insights. Nearly 20 years ago 
Rovner [16] and colleagues described the wide 
variety of treatments used for IC/BPS patients. 
Among the 581 women enrolled in the ICDB 
Study 183 different types of therapies were 
reported. A recent survey of urologists suggests 
that not much has changed in the intervening 
years. For example, at least 11 commonly used 
oral medications (range of frequency of use from 
4 to 91%) were reported for treatment of IC/BPS, 
in addition to intravesical therapy and hydrodis-
tension [17]. While guidelines for treatment are 
available in the United States [15], Canada, [18] 

and Europe [19] they are based primarily on low 
quality evidence, often from small and/or inade-
quately designed clinical trials. The disappointing 
results of many of these clinical trials are likely 
due, in large part, to inadequate methods of patient 
selection/sub-grouping resulting in heterogeneity 
of the treated group, absence of likely therapeutic 
targets due to lack of understanding of the under-
lying pathophysiology, and inadequate outcome 
measures (e.g., use of outcomes that combine 
both urinary and pain symptoms) [20], among 
other factors. Although there are investigational 
drugs for IC/BPS [21] the data necessary for evi-
dence-based treatment recommendations will 
require a new generation of rigorously designed 
clinical trials to fully evaluate their efficacy.

36.5	 �Prevention

“An ounce of prevention is worth a pound of cure”. 
Benjamin Franklin

The ultimate goal of our efforts should be to 
prevent IC/BPS before symptoms manifest. To 
achieve primary and secondary prevention is a 
long-term proposition. However, tertiary preven-
tion (e.g., reduction of pain and urinary symp-
toms) is within reach over the shorter term. 
Prevention of non-malignant urologic syndromes 
and diseases before these conditions become 
established and thus require treatment has 
received little attention. Noteworthy, the NIDDK 
Prevention of Lower Urinary Tract Symptoms 
(PLUS) Network has begun to lay the ground-
work to prevent lower urinary tract symptoms 
and promote bladder health in women and girls 
[22]. It is anticipated that findings from the PLUS 
Network and other similar research will inform 
future efforts for secondary and possibly primary 
prevention of IC/BPS.

�Conclusion

We are in the early stages of an exciting period 
of substantial progress in our clinical and 
mechanistic understanding of IC/BPS. Among 
many advances on the horizon, it is antici-
pated that ongoing research will yield new 
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classifications of clinically meaningful patient 
sub-groups or phenotypes. Such phenotypes 
will need to be further evaluated for their abil-
ity to inform prognosis and for their response 
to targeted therapy. Once the clinical utility 
and underlying biology of these phenotypes 
are further established additional opportuni-
ties for addressing prevention are also possi-
ble. As we move toward the future using the 
lessons of the past, such endeavors will lead to 
clinical trials and prevention efforts based on a 
much stronger knowledge foundation and 
ultimately—and most importantly—improved 
clinical care for patients.
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Afterword

Philip Hanno and Alan Wein

It’s been over 40 years since we first began doing 
basic infection research in the urology laboratory 
of the Harrison Department of Surgical Research 
at the University of Pennsylvania, following the 
work of Grant Mulholland, Lowell Parsons, 
Robert Levin, and Stan Shrom. We studied blad-
der antibacterial defense mechanisms, concen-
trating on the bladder surface lining. This evolved 
into our focus on possible bladder lining abnor-
malities in interstitial cystitis. At that time, there 
was only one FDA-approved therapy for this con-
dition, intravesical application of dimethyl sulf-
oxide. It took 20 years for FDA approval of the 
next medication, the oral drug pentosan polysul-
fate. Neither medication has lived up to our hopes 
for a reliable treatment for this disease. None of 
the many therapies we commonly use have 
cleared the admittedly low bar of safety and pla-
cebo comparison necessary for FDA approval for 
this indication.

So, what is the problem? Is it the difficulty of 
discovering a treatment, or is it the description of 
the problem itself? Disease is defined as “a dis-
order of structure or function in a human, ani-

mal, or plant, especially one that produces 
specific signs or symptoms or that affects a spe-
cific location and is not simply a direct result of 
physical injury.” A syndrome is “a group of 
symptoms that consistently occur together or a 
condition characterized by a set of associated 
symptoms.” Hunner lesion could be a disease 
while bladder pain syndrome is just what its 
name implies. Syndromes and diseases are artifi-
cial descriptions of a condition designed to make 
it easier to help a patient who is sick. They can 
be considered as man-made constructs, and if the 
construct is not accurate, cure can be difficult to 
find. Does our lack of success reflect failure to 
find a cure or rather failure to appropriately 
define the illness? Time will tell.

Over the last 40 years there has been surpris-
ingly little substantive advance in the diagnosis 
or patient care for most persons suffering with 
bladder pain syndrome. There has been a tre-
mendous amount of money spent to advance the 
field. Much descriptive literature and data min-
ing has been published, accounting for a major 
portion of the funds spent. On the positive side, 
recognition of the syndrome is much greater 
among providers and patients. There have been 
attempts to re-conceptualize “interstitial cysti-
tis,” most recently as urologic chronic pelvic 
pain syndrome. In some ways, this has only 
served to confuse the subject and make interpre-
tation of the data more difficult. The search for a 
specific and sensitive biologic marker 
continues.

P. Hanno 
Stanford University School of Medicine,  
Stanford, CA, USA
e-mail: pmhanno@stanford.edu 

A. Wein (*) 
University of Pennsylvania School of Medicine, 
Philadelphia, PA, USA
e-mail: Alan.wein@uphs.upenn.edu
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We still hope for a breakthrough, and the ave-
nue may be through phenotyping studies that 
show the value in isolating various patient clus-
ters that may be diagnosed with more specificity 
and hopefully shown to respond better to specific 
therapeutic interventions. There is still a long 
way to go. For now, treatment remains an art, and 
a well-educated patient and specialty provider 
can work together to successfully improve quality 
of life.

This publication, 30  years after the initial 
monograph, reflects the efforts of the many 
patients, researchers, and clinicians trying to 
unravel the mystery and help those who are ill 
with bladder pain syndrome. We would like to 
thank our fellow editors and the members of the 
International Society for the Study of Bladder 
Pain Syndrome who made this volume possible 
and who devote much of their time to helping 
patients with chronic bladder pain.

P. Hanno and A. Wein
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Addendum 1: International Consultation

Reprinted with Permission of the International 
Consultation on Urological Diseases and the 
International Continence Society

Hanno PM, Cervigni M, Dinis P, Lin A, Nickel 
JC, Nordling J, van Ophoven A, Ueda T. Bladder 
pain syndrome. In: Abrams P, Cardozo L, Wagg 
A, Wein A, editors. Incontinence. 6th ed. London: 
ICS and ICUD; 2017. Chapter 19, 2203-2302. 
ISBN: 978-0-9569607-3-3

1.1.1	 Definition

Bladder Pain Syndrome (in the absence of a 
universally agreed definition, the International 
Society for the Study of Bladder Pain 
Syndrome—ESSIC definition is given [1].

ESSIC: Chronic pelvic pain, pressure or dis-
comfort of greater than 6 months duration per-
ceived to be related to the urinary bladder 
accompanied by at least one other urinary symp-
tom like persistent urge to void or urinary fre-
quency. Confusable diseases as the cause of the 
symptoms must be excluded.

There is no published data as to what duration 
of symptomatology indicates that early spontane-
ous resolution of symptoms is unlikely. While 
ESSIC arbitrarily uses a 6  month duration, the 
American Urological Association Guideline sug-
gests 6 weeks is long enough to initiate diagnosis 
and treatment of BPS [2]. Without further data, 
the Consultation cannot make a recommendation 
and believes that it is up to the discretion of the 
physician and patient as to the proper interval 
between symptom onset and evaluation and diag-
nosis of a chronic condition.

1.1.2	 Bladder Pain Syndrome (BPS)

1.1.2.1	 Nomenclature
The scientific committee of the International 
Consultation voted to use the term “bladder pain 
syndrome” for the disorder that has been com-
monly referred to as interstitial cystitis (IC). The 
term painful bladder syndrome was dropped from 
the lexicon. The term IC implies an inflammation 
within the wall of the urinary bladder, involving 
gaps or spaces in the bladder tissue. This does not 
accurately describe the majority of patients with 
this syndrome. Painful Bladder Syndrome, as 
defined by the International Continence Society, 
is too restrictive for the clinical syndrome.

Properly defined, the term Bladder Pain 
Syndrome appears to fit in well with the taxon-
omy of the International Association for the 
Study of Pain (IASP) (see below), and focuses on 
the actual symptom complex rather than what 
appears to be long-held misconception of the 
underlying pathology.

1.1.3	 �Bladder Pain Syndrome 
(XXIII-2) (per IASP)

Bladder pain syndrome is the occurrence of per-
sistent or recurrent pain perceived in the urinary 
bladder region, accompanied by at least one other 
symptom, such as pain worsening with bladder 
filling and day-time and/or night-time urinary 
frequency. There is no proven infection or other 
obvious local pathology. Bladder pain syndrome 
is often associated with negative cognitive, 
behavioral, sexual, or emotional consequences as 

https://doi.org/10.1007/978-3-319-61449-6
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well as with symptoms suggestive of lower uri-
nary tract and sexual dysfunction.

The Consultation believes that based on the 
pathology and endoscopic findings characteris-
tic of the Hunner lesion, the epidemiologic pat-
tern that distinguishes it from bladder pain 
syndrome, the clinical response to local treat-
ment of the lesion by resection, fulguration, or 
steroid injection, the response to cyclosporine, 
and the absence of reports in the literature that 
non-Hunner patients go on to develop Hunner 
lesions (i.e., the finding of Hunner lesion does 
not represent a continuum in the natural history 
of bladder pain syndrome), the presence of a 
Hunner lesion should be considered a dis-
tinct disease. It therefore should drop out of 
the bladder pain syndrome construct, much 
like we do not consider other painful condi-
tions like radiation cystitis, ketamine cystitis, 
or urinary tract infection a part of bladder pain 
syndrome.

The Consultation concludes that it would be 
reasonable to designate the Hunner lesion in symp-
tomatic patients with the term “interstitial cystitis”, 
thus indicating a true interstitial inflammation. It 
would be defined much as Hunner defined it 
100 years ago, and harmonize to a great extent the 

Asian, European, and North American concepts of 
interstitial cystitis. The Consultation will continue 
to refer to the symptom complex as “bladder pain 
syndrome”. Hunner lesion will be considered a dis-
tinct phenotype, but in the future may be classified 
as a separate disorder entirely, albeit with local 
symptoms that are difficult to differentiate from 
bladder pain syndrome in the absence of endos-
copy. In other words, we may be coming full circle 
in the historical perspective (Fig. A1).

1.1.3.1	 History/Initial Assessment
Males or females whose symptoms meet the 
requirements of the definition of bladder pain 
syndrome should be evaluated. The presence of 
commonly associated disorders including irrita-
ble bowel syndrome, chronic fatigue syndrome, 
and fibromyalgia in the presence of the cardinal 
symptoms of bladder pain syndrome also sug-
gests the diagnosis. Abnormal gynecologic find-
ings in women and well-characterized confusable 
diseases that may explain the symptoms must be 
ruled out.

The initial assessment consists of a frequency/
volume chart, focused physical examination, uri-
nalysis, and urine culture. In the absence of con-
fusable disorders (uncomplicated disease), a 

Fig. A1  Conceptualization of bladder pain syndrome vis a vis interstitial cystitis

Chronic
pelvic pain

Pelvic pain
syndrome

Bladder pain
syndrome

“New” concept

Interstital cystitis as a
distinct disease; circa
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Hunner lesion
diagnostic of

interstitial
cystitis
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diagnosis can be made and treatment instituted. 
Urine cytology, cystoscopy, and urodynamic 
evaluation are recommended if clinically indi-
cated and/or the diagnosis is in doubt (compli-
cated disease). Patients with urinary infection 
should be treated and reassessed. Those with 
recurrent urinary infection, abnormal urinary 
cytology, and microscopic or gross hematuria are 
evaluated with appropriate imaging and endo-
scopic procedures, and only if findings are unable 
to explain the symptoms, are they diagnosed with 
BPS. Grade of recommendation: C

1.1.3.2	 Initial Treatment

•	 Patient education,
•	 dietary manipulation,
•	 nonprescription analgesics,
•	 stress reduction,
•	 pelvic floor relaxation techniques comprise 

the initial treatment of BPS.  In the patient 
with findings suggesting pelvic floor dys-
function, pelvic floor physical therapy with 
myofascial trigger point release and intra-
vaginal Thiele massage is often an effective 
therapeutic intervention. The treatment of 
pain needs to be addressed directly, and in 
some instances referral to an anesthesia/pain 
center can be an appropriate early step in 
conjunction with ongoing treatment of the 
syndrome.
When conservative therapy fails or symptoms 

are severe and conservative management is 
unlikely to succeed,
•	 oral medication or
•	 intravesical treatment can be prescribed. It is 

recommended to initiate a single form of 
therapy and observe results, adding other 
modalities or substituting other modalities as 
indicated by degree of response or lack of 
response to treatment. Grade of recommen-
dation: C

1.1.3.3	 Secondary Assessment
If initial oral or intravesical therapy fails, or 
before beginning such therapy based on clini-
cian judgment, it is reasonable to consider fur-
ther evaluation which can include Urodynamics, 
pelvic imaging, and cystoscopy with bladder 

distention and possible bladder biopsy under 
anesthesia.
•	 Findings of bladder overactivity suggest a trial 

of antimuscarinic therapy.
•	 The presence of a Hunner lesion suggests 

therapy with transurethral resection, fulgura-
tion of the lesion, or direct steroid injection 
into the lesion.

•	 Distention itself can have therapeutic benefit 
in 30–50% of patients, though benefits rarely 
persist for longer than a few months. Grade of 
recommendation: C

1.1.3.4	 Refractory BPS
Those patients with persistent, unacceptable symp-
toms despite oral and/or intravesical therapy are 
candidates for more aggressive modalities. Many of 
these/ are best administered within the context of a 
clinical trial if possible. These may include
•	 neuromodulation,
•	 intradetrusor botulinum toxin,
•	 oral cyclosporine A, or
•	 clinical trials of newly described pharmacologic 

management techniques. At this point, most 
patients will benefit from the expertise of an

•	 anesthesia pain clinic.
The last step in treatment is usually some type 

of surgical intervention aimed at increasing the 
functional capacity of the bladder or diverting the 
urinary stream.
•	 Urinary diversion with or without cystectomy 

has been used as a last resort with good results 
in selected patients. Cystectomy and urethrec-
tomy do not appear to add any additional effi-
cacy to diversion alone [3–5].

•	 Augmentation or substitution cystoplasty 
seems less effective and more prone to recur-
rence of chronic pain in small reported series. 
Grade of recommendation: C

•	 Pain management is a primary consideration 
at every step of algorithm

•	 Patient enrollment in appropriate research 
trial is reasonable option at any point

•	 Evidence supporting neurostimulation, cyclo-
sporine A, and botulinum toxin for BPS indi-
cation remains limited. These interventions 
are appropriate only for practitioners with 
experience treating BPS and willing to pro-
vide long-term care post-intervention.

Addendum 1: International Consultation
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Algorithm for diagnosis and treatment: 2016 International consultation on incontinence

BLADDER PAIN SYNDROME

SYMPTOMS Pain pressure or discomfort perceived
to be related to the bladder with at
least one other urinary symptom (e.g.
frequency, nocturia)

“Complicated” BPS:
Incontinence
Urinary infection
Haematuria
Gynaecologic signs/symptoms

Consider:
Urine cytology
Further imaging
Endoscopy
Urodynamics
Laparoscopy

Normal

TREAT AS INDICATED

Abnormal

History

“Uncomplicated BPS”
Conservative Therapy
Stress reduction (B)
Patient education (B)
Dietary manipulation (B)
Nonprescription analgesics
Pelvic floor relaxation
Pelvic floor physical therapy (A)
Consult if associated disease

Bladder diary or frequency/volume
chart
Focused physical examination
Urinalysis, culture

BASIC
ASSESSMENT

URINARY INFECTION

Test and reassess

1ST LINE RX

BPS REQUIRING MORE ACTIVE INTERVENTION

2ND LINE
TREATMENT

(no hiearachy implied)

4TH LINE
TREATMENT

(no hiearachy implied)

4TH LINE
TREATMENT

3RD LINE
TREATMENT

Consider oral and or intravesical therapies; (B)
Consider physical therapy; (A)
Consider cystoscopy with hydrodistention under anaesthesia and treatment of any
Hunner lesion (B)

Consider, if not done previously:
Cystoscopy under anaesthesia with bladder hydrodistension fulguration, resection or
steroid injection of Hunner lesion (B)

Sacral Nerve stimulation (B)
Intra-detrusor botulinum toxin (B)
Cyclosporine A (C)
Consider new treatment trials

Consider:
Diversion with or without cystectomy (C)
Substitution cystoplasty

Improved with acceptable
quality of life:
Follow and support

Note: The only FDA approved therapies are DMSO and pentosan polysulfate.
Consider CONTINENCE PRODUCTS for temporary support during treatment.

Pain management is a primary consideration at every step of the algorithm

Patient enrollment in appropriate research trial is a reasonable option at any point

Evidence supporting SNS, cyclosporine A, and botulinum toxin for BPS remains limited. These interventions are appropriate only for 
pracitioners with experience in treating BPS and who are willing to provide long-term care post-intervention
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Addendum 2: AUA Guideline

Guideline of the American Urological Association. Hanno PM, Erickson D, Moldwin R, Faraday MM: Diagnosis and 
treatment of interstitial cystitis/bladder pain syndrome: AUA guideline amendment. J. Urol. 193:1545-53, 2015

Signs/Symptoms of 

Complicated IC/BPS

Confirmed/Uncomplicated 

IC/BPS

FIRST-LINE TREATMENTS

–  General Relaxation/ Stress Management

– Pain Management

– Patient Education

–  Self-care/Behavioral Modification

SECOND-LINE TREATMENTS

–  Appropriate manual physical therapy techniques

–  Oral: amitriptyline, cimetidine, hydroxyzine, PPS

–  Intravesical: DMSO, Heparin, Lidocaine

– Pain Management

THIRD-LINE TREATMENTS

–  Cystoscopy under anesthesia w/ hydrodistention

– Pain Management

–  Tx of Hunner’s lesions if found

FOURTH-LINE TREATMENTS

–  Intradetrusor botulinum toxin A

– Neuromodulation

– Pain Management

FIFTH-LINE TREATMENTS

–  Cyclosporine A

– Pain Management

SIXTH-LINE TREATMENTS

–  Diversion w/ or w/out cystectomy

– Pain Management

– Substitution cystoplasty

Note: For patients with end-stage structurally small bladders, diversion 
is indicated at any time clinician and patient believe appropriate.

Dx Urinary Tract Infection

TREAT & ASSESS

BASIC ASSESSMENT

– History

– Frequency/Volume Chart

– Post-void residual

– Physical examination

– Urinalysis, culture

– Cytology if smoking hx

– Symptom questionnaire

– Pain evaluation

– Incontinence/OAB

–  GI signs/symptoms 

Microscopic/gross 

hematuria/sterile pyuria

– Gynecologic signs/symptoms

CONSIDER:

– Urine cytology

– Imaging

– Cystoscopy

– Urodynamics

– Laparoscopy

–  Specialist referral (urologic or 

non-urologic as appropriate)

IC/BPS

An unpleasant sensation (pain, pressure, discomfort) perceived to be related to 

the urinary bladder, associated with lower urinary tract symptoms of more than six 

weeks duration, in the absence of infection or other identifiable causes

CLINICAL MANAGEMENT PRINCIPLES 

–  Treatments are ordered from most to least conservative; 

surgical treatment is appropriate only after other treatment 

options have been found to be ineffective (except for 

treatment of Hunner’s lesions if detected)

–  Initial treatment level depends on symptom severity, 

clinician judgment, and patient preferences

–  Multiple, simultaneous treatments may be 

considered if in best interests of patient 

–  Ineffective treatments should be stopped 

–  Pain management should be considered throughout course of therapy 

with goal of maximizing function and minimizing pain and side effects 

–  Diagnosis should be reconsidered if no improvement 

within clinically-meaningful time-frame

RESEARCH TRIALS

Patient enrollment as 

appropriate at any point in 

treatment process

The evidence supporting the use of Neuromodulation, Cyclosporine  A, and BTX for IC/BPS is limited by many factors 

including study quality, small sample sizes, and lack of durable follow up. None of these therapies have been approved 

by the U.S. Food and Drug Administration for this indication. The panel believes that none of these interventions can 

be recommended for generalized use for this disorder, but rather should be limited to practitioners  with experience 

managing this syndrome and willingness to provide long term care of these patients post intervention.
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Addendum 3: Asian Algorithm

Asian conception of bladder pain syndrome from Homma. Homma Y, Ueda T, Tomoe H, Lin A, Kuo HC, Lee MH, Oh 
SJ, Kim JC, and Lee KS: Clinical guidelines for interstitial cystitis and hypersensitive bladder updated in 2015. 
International Journal of Urology. 23:542-549, 2016
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