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        Preface 

    In 2007 ESSIC (International society for the study of Bladder Pain Syndrome) 
proposed not more to use the name Interstitial Cystitis (IC) and replace the name 
with Bladder Pain Syndrome (BPS) [1]. The reason was that no uniform de fi nition 
existed of IC and the problems arising from the lack of generally approved diag-
nostic criteria caused enormous problems both clinically and in research. To change 
a name of a disease is not something you do without careful consideration. It may 
have severe implications for patients, and their organizations with their aim at IC, 
and also for insurance and reimbursement practices in different health systems 
around the world. 

 When A.J.C. Skene in 1887 introduced the name Interstitial Cystitis (IC) he 
referred to an in fl ammatory disease: “When the disease has destroyed the mucus 
membrane partly or wholly and extended to the muscular parietes, we have what is 
known as interstitial cystitis…”. [2]. After the introduction of cystoscopes around 
the beginning of the last century, it was found that the disease had some speci fi c 
cystoscopic features. These were  fi rst described by G.L. Hunner in female patients 
with severe frequency and pain, appearing as focal red bleeding areas, and he named 
them elusive ulcers [3, 4]. However, these in fl ammatory in fi ltrates are not ulcers, 
but rather focal in fl ammatory lesions with a central fragility resulting in a provoked 
crack or deep wound when the bladder is distended [5]. So in the beginning of the 
nineteenth century IC was a well-de fi ned disease with microscopic and cystoscopic 
 fi ndings of characteristic in fl ammatory lesions in the bladder wall, mostly in female 
patients with severe frequency and bladder pain. 

 But in 1949 J.R. Hand described “small discrete submucosal hemorrhages, show-
ing variations in form … dot-like bleeding points … little or no restriction to blad-
der capacity” and he claimed these “glomerulations” as a typical cystoscopic  fi nding 
in IC [6]. Subsequently, IC became a real elusive disease with a total lack of a 
proper de fi nition and proper diagnostic tools. E. Messing and T. Stamey underlined 
this in their paper from 1978 where they described IC as a diagnosis of exclusion in 
patients with the characteristic symptoms and glomerulations under anesthesia [7]. 
Unintentionally, the confusion became even greater after the introduction of the 
initial NIDDK criteria in 1988 [8] and the  fi nal NIDDK criteria in 1990 [9]. 
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The NIDDK criteria were not meant as diagnostic, but rather as a means to select 
comparable patient populations for clinical trials. Nevertheless, these criteria became 
a worldwide standard for the diagnosis of IC. But the NIDDK criteria included two 
symptoms: Pain  or  urgency, and two cystoscopic  fi ndings: Hunner lesion  or  glom-
erulations. Urgency has later become the cardinal symptom of Overactive Bladder 
Syndrome (OAB) and the dispute concerning what exact nature or kind of urgency is 
characteristic for OAB and what kind for IC [10] is still running. 

 The problem of de fi nitions was  fi rst considered in a terminology report of the 
International Continence Society in 2002 [11]. The following year, during the  fi rst 
International Conference on IC in Japan in 2003, the worldwide confusion concern-
ing IC became evident [12]. Major differences in the concept of IC were brought to 
light. Some regarded IC as a frequency-urgency syndrome with or without pelvic 
pain. Some regarded IC as a cystoscopically de fi ned disease and many did not really 
know what they should mean. As a consequence of this confusion ESSIC was 
founded in 2004. Annual meetings and busy Internet discussions in the following 
years resulted in the 2008 proposal to use the term bladder pain syndrome as the 
overall denomination, to include all patients with bladder pain within the de fi nition, 
since interstitial cystitis rather describes a special phenotype with deep in fl ammation 
of the bladder wall. 

 The editors of this book have therefore tried to replace the name interstitial cys-
titis (IC) with bladder pain syndrome (BPS) throughout the book. The name IC is, 
however, maintained if the text refers to obvious historical data based on the concept 
of IC at that time, e.g., in the chapter on epidemiology. 

 The process of going from IC to BPS has brought major changes in our concepts 
and knowledge of this disease and we are therefore very happy getting the opportu-
nity to gather all these new data and ideas in the present book. 
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 As with most disorders, how we arrived at our current concept of bladder pain 
 syndrome (BPS) depends upon knowledge of the historical perspective underlying the 
syndrome. It was a true change in the paradigm that resulted in what had been consid-
ered a rare, pure bladder disease with speci fi c endoscopic and common pathologic 
 fi ndings into a much more prevalent chronic pain syndrome diagnosed almost exclu-
sively by symptomatic criteria. Changes in nomenclature parallel the history  [  1  ] . 

 Historical reviews con fi rm that interstitial cystitis (IC) was recognized as a 
pathologic entity during the nineteenth century  [  2,   3  ] . Joseph Parrish, a Philadelphia 
surgeon, described three cases of severe lower urinary tract symptoms in the absence 
of a bladder stone in an 1836 text  [  4  ] , and termed the disorder “tic doloureux of the 
bladder.” Teichman argues that this may represent the  fi rst description of interstitial 
cystitis  [  5  ] . Fifty years later Skene used the term interstitial cystitis to describe an 
in fl ammation that has “destroyed the mucous membrane partly or wholly and 
extended to the muscular parietes”  [  6  ] . 

 Early in the twentieth century, at a New England Section meeting of the American 
Urological Association, Guy Hunner reported on eight women with a history of 
suprapubic pain, frequency, nocturia, and urgency lasting for an average of 17 years 
 [  7,   8  ] . He drew attention to the disease, and the red, bleeding areas he described on 
the bladder wall came to have the pseudonym “Hunner’s ulcer.” As Anthony Walsh 
 [  9  ]  observed, this has proven to be unfortunate. In the early part of the twentieth 
century, the very best cystoscopes available gave a poorly de fi ned and ill-lit view of 
the fundus of the bladder. It is not surprising that when Hunner saw red and bleeding 
areas high on the bladder wall, he believed they were ulcers. For the next 60 years, 
urologists would look for ulcers and fail to make the diagnosis in their absence. The 
disease was thought to be focal, rather than a pancystitis. As has been pointed out 

    P.  M.   Hanno ,  M.D., M.P.H.   (*)
     Division of Urology, Department of Surgery ,  Hospital of the University of Pennsylvania ,
  Philadelphia ,  PA ,  USA    
e-mail:  hannop@uphs.upenn.edu   

    Chapter 1   
 Historical Perspective       

      Philip   M.   Hanno                  



2 P.M. Hanno

by Dr. Magnus Fall, the so-called ulcer was really a vulnus ( a solution of continuity, 
or separation by external violence, of parts naturally united )  [  10  ]  or wound seen in 
the bladder only upon distention. 

 In 1949 Hand  [  11  ]  authored the  fi rst comprehensive review about the disease, 
reporting 223 cases. The majority of his  fi ndings have relevance even today. His 
clinical description bears repeating. “I have frequently observed that what appeared 
to be a normal mucosa before and during the  fi rst bladder distention showed typical 
interstitial cystitis on subsequent distention.” He notes, “small, discrete, submucosal 
hemorrhages, showing variations in form … dot-like bleeding points … little or no 
restriction to bladder capacity.” He portrays three grades of disease, with grade three 
matching the small-capacity, scared bladder described by Hunner. Sixty-nine per-
cent of patients were grade one and only 13% were grade three. 

 Walsh  [  9  ]  later coined the term “glomerulations” to describe the petechial hem-
orrhages that Hand had described. But it was not until Messing and Stamey  [  12  ]  
discussed the “early diagnosis” of IC that attention turned from looking for an ulcer 
to make the diagnosis to the concepts that (1) symptoms and glomerulations at the 
time of bladder distention under anesthesia were the disease hallmarks and (2) the 
diagnosis was primarily one of exclusion. 

 IC was like your Aunt Minnie: ( “She is hard to de fi ne, but you know her when 
you see her” ). Bourque’s description is almost 60 years old and is worth recalling. 
“We have all met, at one time or another, patients who suffer chronically from their 
bladder; and we mean the ones who are distressed, not only periodically but con-
stantly, having to urinate often, at all moments of the day and of the night, and suf-
fering pains every time they void. We all know how these miserable patients are 
unhappy, and how those distressing bladder symptoms get  fi nally to in fl uence their 
general state of health physically at  fi rst, and mentally after a while”  [  13  ]  .  

 This description and others like it were not suitable for de fi ning this disease in 
the late twentieth century. What was needed was a de fi nition that would help physi-
cians make the diagnosis and design research studies to learn more about the prob-
lem in a uniform manner in nations around the world. Physician interest and 
government participation in research were sparked through the efforts of a group of 
frustrated patients led by Dr. Vicki Ratner, an orthopedic surgeon residing in New 
York City, who founded the  fi rst patient advocacy group, the Interstitial Cystitis 
Association in the living room of her small New York City apartment in    1984  [  14, 
  15  ] . The  fi rst step was to develop a working de fi nition of the disease. The modern 
history of BPS is best viewed through the development of the modern de fi nition. 

   Evolution of De fi nition 

 While it would seem that de fi ning this syndrome should not be dif fi cult, the pillars of 
the symptom complex—frequency, pain, and an urgent desire to void—all have intrin-
sic problems for a clinically useful de fi nition. Large variation in the degree of bother 
with varying rates of frequency  [  16  ]  makes a symptomatic diagnosis of IC based on 
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an absolute number of voids subject to question, and frequency per volume of intake 
or even the concept of “perception of frequency” as a problem may be more accurate 
than an absolute number. Pain can be dif fi cult for the physician or patient to localize. 
Urgency can mean something different to patients and to clinicians  [  17  ] . 

 In an effort to de fi ne IC so that patients in different geographic areas, under the care 
of different physicians, could be compared, the National Institute of Diabetes and 
Digestive and Kidney Diseases (NIDDK) held a workshop in August 1987 at which 
consensus criteria were established for the diagnosis of IC  [  18  ] . These criteria were 
not meant to de fi ne the disease for the clinician, but rather to ensure that groups of 
patients included in basic and clinical research studies would be relatively compara-
ble. After pilot studies testing the criteria were carried out, the criteria were revised at 
another NIDDK workshop a year later  [  19  ] . These criteria are presented in Table  1.1 .  

 Although meant initially to serve only as a research tool, the NIDDK “research 
de fi nition” became a de facto de fi nition of this disease, diagnosed by exclusion and 
colorfully termed a “hole in the air” by Hald  [  20  ] . Certain of the exclusion criteria 
served to make one wary of a diagnosis of IC, but could not be used for categorical 
exclusion of such a diagnosis. However, because of the ambiguity involved, it was 
determined that these patients should be eliminated from research studies or catego-
rized separately. In particular, exclusion criteria 4, 5, 6, 8, 9, 11, 12, 17, and 18 are 
only relative. What percentage of patients with idiopathic sensory urgency has IC is 
unclear  [  21  ] . The speci fi city of the  fi nding of bladder glomerulations has come into 
question  [  22–  24  ] . Similarly, the sensitivity of glomerulations is also unknown, but 
clearly patients with IC symptoms can demonstrate an absence of glomerulations 
under anesthesia  [  25,   26  ] . Hunner’s lesions have been historically considered rare 
and exist in less than 15% of patients in this author’s experience and in the experi-
ence of others  [  27  ] . A California series found 20% of patients to have ulceration  [  28  ] . 
Speci fi c pathologic  fi ndings represent a glaring omission from the criteria, because 
there is a lack of consensus as to which pathologic  fi ndings, if any, are required for, 
or even suggestive of, a tissue diagnosis  [  24,   29–  31  ] , while some maintain that histo-
pathologic criteria in classic Hunner disease are well de fi ned  [  32,   33  ] . 

 The unexpected use of the NIDDK research criteria by the medical community as a 
de fi nition of IC led to concerns that many patients suffering from this syndrome might 
be misdiagnosed. The multicenter Interstitial Cystitis Database (ICDB) study through 
NIDDK accumulated data on 424 patients with IC, enrolling patients from May 1993 
through December 1995. Entry criteria were much more symptom driven than those 
promulgated for research studies  [  34  ]  and are noted in Table  1.2 . In an analysis of the 
de fi ning criteria  [  35,   36  ] , it appeared that the NIDDK research criteria ful fi lled their 
mission. Fully 90% of expert clinicians agreed that patients diagnosed with IC by those 
criteria in the ICDB indeed had the disorder. However, 60% of patients deemed to have 
IC by these experienced clinicians would not have met NIDDK research criteria. Thus, 
IC remained a clinical syndrome de fi ned by some combination of chronic symptoms 
of urgency, frequency, and/or pain in the absence of other reasonable causation. 
Whereas IC symptom and problem indices have been developed and validated  [  37,   38  ] , 
these are not intended to diagnose or de fi ne IC but rather to measure the severity of 
symptomatology and monitor disease progression or regression  [  39  ] .   
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   Nomenclature and Taxonomy 

 The literature over the last 170 years has seen numerous changes in description and 
nomenclature of the disease. The syndrome has variously been referred to as tic 
doloureux of the bladder, interstitial cystitis, cystitis parenchymatosa, Hunner’s 
ulcer, panmural ulcerative cystitis, urethral syndrome, and painful bladder syndrome 
 [  3,   5–  7,   13,   40,   41  ] . The term “interstitial cystitis,” which Skene is credited with 
coining and Hunner brought into common usage, is a misnomer; in many cases not 
only is there no interstitial in fl ammation, but also, histopathologically, there may be 
no in fl ammation at all  [  24,   42–  44  ] . By literally focussing exclusively on the urinary 

   Table 1.1       National institute of diabetes and digestive and kidney diseases (NIDDK) diagnostic 
criteria for interstitial cystitis   

 To be diagnosed with interstitial cystitis, patients must have either glomerulations on cystoscopic 
examination or a classic Hunner ulcer, and they must have either pain associated with the bladder 
or urinary urgency. An examination for glomerulations should be undertaken after distention of 
the bladder under anesthesia to 80–100 cm H 

2
 O for 1–2 min. The bladder may be distended up to 

two times before evaluation. The glomerulations must be diffuse—present in at least three 
quadrants of the bladder—and there must be at least ten glomerulations per quadrant. The 
glomerulations must not be along the path of the cystoscope (to eliminate artifact from contact 
instrumentation). The presence of any one of the following excludes a diagnosis of interstitial 
cystitis: 

  1. Bladder capacity of greater than 350 mL on awake cystometry using either a gas or a liquid 
 fi lling medium 

  2. Absence of an intense urge to void with the bladder  fi lled to 100 mL of gas or 150 mL of 
liquid  fi lling medium 

  3. The demonstration of phasic involuntary bladder contractions on cystometry using the  fi ll 
rate just described 

  4. Duration of symptoms less than 9 months 
  5. Absence of nocturia 
  6. Symptoms relieved by antimicrobial agents, urinary antiseptic agents, anticholinergic 

agents, or antispasmodic agents 
  7. A frequency of urination while awake of less than 8 times per day 
  8. A diagnosis of bacterial cystitis or prostatitis within a 3-month period 
  9. Bladder or ureteral calculi 
 10. Active genital herpes 
 11. Uterine, cervical, vaginal, or urethral cancer 
 12. Urethral diverticulum 
 13. Cyclophosphamide or any type of chemical cystitis 
 14. Tuberculous cystitis 
 15. Radiation cystitis 
 16. Benign or malignant bladder tumors 
 17. Vaginitis 
 18. Age younger than 18 years 

  From Wein AJ, Hanno PM, Gillenwater JY: Interstitial cystitis: An introduction to the problem. In: 
Hanno PM, Staskin DR, Krane RJ, Wein AJ editors. Interstitial Cystitis. London: Springer-Verlag, 
1990, p 13–15  
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bladder, the term interstitial cystitis furthermore does not do justice to the condition 
from both the physician’s and the patient’s perspective. The textual exclusiveness 
ignores the high comorbidity with various pelvic, extra-pelvic, and non-urological 
symptoms and associated disorders  [  45  ]  that frequently precede or develop after the 
onset of the bladder condition  [  46  ] . 

 With the formal de fi nition of the term “painful bladder syndrome” by the ICS in 
2002, the terminology discussion became an intense international focal point 
 [  47  ] .

   In Kyoto at the ICICJ in March 2003, it was agreed that the term “interstitial • 
cystitis” should be expanded to “interstitial cystitis/chronic pelvic pain syn-
drome” when pelvic pain is at least of 3 months duration and associated with no 
obvious treatable condition/pathology  [  48  ] .  
  The European Society for the Study of Interstitial Cystitis (ESSIC) held its  fi rst • 
meeting in Copenhagen soon after Kyoto. Nomenclature was discussed, but no 

   Table 1.2    Interstitial cystitis database (ICDB)   

 Study eligibility criteria 

  1. Providing informed consent to participate in the study 
  2. Willing to undergo a cystoscopy under general or regional anesthesia when indicated, 

during the course of the study 
  3. At least 18 years of age 
  4. Having symptoms of urinary urgency, frequency, or pain for more than 6 months 
  5. Urinating at least 7 times per day, or having some urgency or pain (measured on linear 

analog scales) 
  6. No history of current genitorurinary tuberculosis 
  7. No history of urethral cancer 
  8. No history of bladder malignancy, high-grade dysplasia, or carcinoma in situ 
  9. Males: No history of prostate cancer 
 10. Females: No occurrence of ovarian, vaginal, or cervical cancer in the previous 3 years 
 11. Females: No current vaginitis, clue cell, trichomonas, or yeast infections 
 12. No bacterial cystitis in the previous 3 months 
 13. No active herpes in the previous 3 months 
 14. No antimicrobials for urinary tract infections in previous 3 months 
 15. Never having been treated with cyclophosphamide 
 16. No radiation cystitis 
 17. No neurogenic bladder dysfunction (e.g., due to a spinal cord injury, stroke, Parkinson’s 

disease, multiple sclerosis, spina bi fi da, or diabetic cystopathy) 
 18. No bladder outlet obstruction (determined by urodynamic investigation) 
 19. Males: No bacterial prostatitis for previous 6 months 
 20. Absence of bladder, ureteral, or urethral calculi for previous 3 months 
 21. No urethritis for previous 3 months 
 22. Not having had a urethral dilation, cystometrogram, bladder cystoscopy under full 

anesthesia, or a bladder biopsy in previous 3 months 
 23. Never having had an augmentation cystoplasty, cystectomy, cystolysis, or neuroectomy 
 24. Not having a urethral stricture of less than 12 French 

  From Simon LJ, Landis JR, Erickson DR, Nyberg LM. The interstitial cystitis data base study: 
concepts and preliminary baseline descriptive statistics. Urology 1997;49:64–75  
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decision was reached, as the meeting concentrated on how to evaluate patients 
for diagnosis  [  49  ] .  
  At the 2003 meeting of the NIDDK titled, “Research Insights into Interstitial • 
Cystitis,” it was concluded that “interstitial cystitis” will ultimately be replaced 
as a sole name for this syndrome. It will be a gradual process over several years. 
At the meeting it was referred to as “interstitial cystitis/painful bladder syn-
drome” in keeping with International Continence Society nomenclature  [  50  ] .  
  At the 2004 inaugural meeting of the Multinational Interstitial Cystitis Association • 
in Rome, it was concluded that the syndrome should be referred to as “painful 
bladder syndrome/interstitial cystitis” or “PBS/IC” to indicate an intellectual and 
taxonomical hierarchy within the acronym  [  50  ] .  
  The International Consultation on Incontinence in 2004, cosponsored by the ICS • 
and Societe Internationale d’Urologie in association with the World Health 
Organization, included the syndrome as a part of its consultation. The chapter in 
the report was titled, “painful bladder syndrome (including interstitial cystitis),” 
suggesting that the IC formed an identi fi able subset within the broader syndrome. 
Because such a distinction is dif fi cult to de fi ne, within the body of the chapter, 
coauthored by nine committee members and  fi ve consultants from four conti-
nents, it was referred to as PBS/IC (one inclusive entity)  [  30  ] . Interstitial cystitis 
may be a subgroup that encompasses those patients with typical histological and 
cystoscopic features  [  51  ] , but what these features are is still controversial and 
somewhat vague.  
  In June 2006 Abrams and colleagues published an editorial focussing on the • 
nomenclature problem  [  52  ] . They noted: “It is an advantage if the medical term 
has clear diagnostic features that translate to a known pathophysiologic process 
so that effective treatment may be given. Unfortunately, the latter is not the case 
for many of the pain syndromes suffered by patients seen at most pain, gyneco-
logical, and urological clinics. For the most part these ‘diagnoses’ describe syn-
dromes that do not have recognized standard de fi nitions, yet imply knowledge of 
a pathophysiologic cause for the symptoms. Unfortunately the terminology used 
to describe the condition may promote erroneous thinking about treatment on the 
part of physicians, surgeons and patients. These organ based diagnoses are mys-
terious, misleading and unhelpful, and can lead to therapies that are misguided or 
even dangerous.” The editorial went on to note that a single pathologic descrip-
tive term (interstitial cystitis) for a spectrum of symptom combinations ill serves 
patients. The umbrella term “painful bladder syndrome” was proposed, with a 
goal to de fi ne and investigate subsets of patients who could be clearly identi fi ed 
within the spectrum of PBS. It would fall within the rubric of chronic pelvic pain 
syndrome. Sufferers would be identi fi ed according to the primary organ that 
appears to be affected on clinical grounds. Pain not associated with an individual 
organ would be described in terms of the symptoms.One can see in this the begin-
nings of a new paradigm that might be expected to change the emphasis of both 
clinical and basic science research, and that removes the automatic presumption 
that the end-organ in the name of the disease should necessarily be the sole or 
primary target of such research.  
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  At the major biannual IC research conference in the fall of 2006, held by the • 
National Institute of Diabetes, Digestive, and Kidney Disorders (Frontiers in 
Painful Bladder Syndrome/Interstitial Cystitis), the ESSIC group was given a 
block of time with which to present their thoughts and conclusions. Because (1) 
the term PBS did not  fi t into the taxonomy of other pelvic pain syndromes such 
as urethral or vulvar pain syndromes, (2) as de fi ned by the International 
Continence Society missed over a third of af fl icted patients  [  53  ] , and (3) is a term 
open to different interpretations, ESSIC suggested that Painful Bladder Syndrome 
be redesignated as BPS, followed by a type designation based on  fi ndings at 
hydrodistention and pathology (see Chap.   4    ). Although neither cystoscopy with 
hydrodistention nor bladder biopsy was prescribed as an essential part of the 
evaluation, by categorizing patients as to whether either procedure was done, and 
if so, the results, it is possible to follow patients with similar  fi ndings and study 
each identi fi ed cohort to compare natural history, prognosis, and response to 
therapy  [  54  ] .  
  As Baranowski et al. conceived it in early 2008, BPS is thus de fi ned as a pain • 
syndrome with a collection of symptoms, the most important of which is pain 
perceived to be in the bladder  [  55  ] . IC is distinguished as an end-organ, visceral-
neural pain syndrome, whereas BPS can be considered a pain syndrome that 
involves the end-organ (bladder) and neuro-visceral (myopathic) mechanisms. In 
IC, one expects end-organ primary pathology. This is not necessarily the case in 
the broader BPS.    

 Recent international consultations have essentially agreed that the nomenclature 
of “interstitial cystitis” should be revised. The International Consultation on 
Incontinence used the term “BPS”  [  56  ] . The ESSIC group has also adopted this 
name for the syndrome (  http://www.essic.org/    ). This change implies that it is the 
symptoms that drive treatment, and the question as to whether “interstitial cystitis” 
should refer to a distinct subgroup of the bladder pain syndrome is, as yet, unclear. 
East Asian urologists representing institutions in Taiwan, Japan, and Korea have 
settled on the terms “interstitial cystitis” and “hypersensitive bladder syndrome,” 
the former paralleling the NIDDK research de fi nition and the latter including 
patients with hypersensitivity and urinary frequency with or without bladder pain 
 [  57  ] . The issue has been  fi nessed by the American Urological Association in its 
2011 guidelines by referring to the disorder as “Interstitial Cystitis/Bladder Pain 
Syndrome”  [  58  ] .      
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 Reliable epidemiological studies on PBS/IC are dif fi cult to perform due to inconsis-
tency of diagnostic criteria and rarity of the disease. The situation is very different 
from cancer epidemiology, where incidence and prevalence  fi gures are based on solid 
histopathological criteria and mortality data from population registries. Most data on 
PBS/IC epidemiology come from the United States and some from the Western 
European countries. Lately, some important studies have emerged from Asia. 

 Most epidemiological studies seem to concentrate on an estimation of the dis-
ease prevalence. Because IC is a nonfatal disease with unclear starting events, it is 
very dif fi cult to evaluate its incidence, which could only be theoretically calculated 
from longitudinal prevalence  fi gures. 

   Methodological Problems in PBS/IC Epidemiology 

 The majority of epidemiological studies are reports from single institutions or local 
areas, and the diagnosis is determined by respective urologists, gynaecologists or 
other health care physicians. Such patient cohorts are not representative for the whole 
population. If NIDDK criteria for the disease diagnosis  [  1  ]  are followed, the  prevalence 
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 fi gures remain low because early or mild cases are then not recognised. It has been 
estimated that strict application of those criteria would miss more than 60% of patients 
regarded as de fi nitively or probably having IC  [  2  ] . Population-based studies are more 
representative from the epidemiological point of view. Only few such studies have 
been carried out. The reported prevalence  fi gures seem to be higher compared with 
institutional studies. The already classic Interstitial Cystitis Symptom Index (ICSI) 
and Interstitial Cystitis Problem Index questionnaire has been validated only in 
patients meeting the NIDDK criteria compared with a control group without symp-
toms  [  3  ] , and later monitoring changes in patients diagnosed with IC  [  4  ] . Despite 
these validations the formula does not de fi ne whether urgency is painless or associated 
with pain and relieved after voiding, differential diagnosis with overactive bladder is 
therefore problematic. Pelvic Pain and Urgency/Frequency (PUF) symptom scale has 
been developed to recognise IC patients amongst heterogenic patient groups who also 
seek medical advice for suspected gynaecological conditions and validated by com-
parison of the results with potassium sensitivity test in these patients  [  5  ] . It has not 
been tested in genuine population-based studies and most likely overestimates the 
number of women having IC. Neither of the above-mentioned questionnaires seem to 
have suf fi cient speci fi city to perform as the only diagnostic tool  [  6  ] . 

 The recent epidemiological studies include PBS in the nomenclature, alone or in 
combination PBS/IC, but not BPS as is advised by ESSIC  [  7  ] . In further studies the 
different categories of PBS should be de fi ned more clearly.  

   Institutional and Health Care-Based Epidemiological Studies 

 The  fi rst report on epidemiology of IC was published from Finland in 1975  [  8  ] . This 
investigation was based on the number of patients treated in the intake area of 
Helsinki University Hospital and led to a prevalence estimation of 18.1 females per 
100,000 and 10.6 per 100,000 for both genders. In this study an estimated  fi gure for 
IC incidence was also given, that being 1.2 new cases per 100,000 females yearly. 

 An early epidemiological study from the United States was based on three differ-
ent sources: urologists, IC patients and a sample from the general population  [  9  ] . 
This survey yielded an IC case prevalence estimation of 30 per 100,000. 

 In the National Household Interview Survey (NHIS), 20,561 participants were 
asked if they ever had symptoms of a urinary tract infection that lasted 3 months or 
longer, and if they were told at the time of those persistent symptoms that they had 
PBS or IC  [  10  ] . In this survey, 110 women and 8 men were regarded as having IC, 
leading to a prevalence estimation of 500 per 100,000. 

 In another large study, the Nurses Health Study I and II, the prevalence of IC was 
estimated to be 52 per 100,000 in females with diagnosis by cystoscopy and 67 per 
100,000 in those with a prior IC diagnosis  [  11  ] . 

 A study by Bade from the Netherlands showed an estimated prevalence of 8–16 
females per 100,000 based on physician-assigned diagnosis  [  12  ] . An inquiry among 
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300 urologists in Japan yielded a much lower prevalence of 4.5 per 100,000 females 
 [  13  ] . The above-mentioned institutional studies are depicted in Table  2.1 .  

 The patient material seen by urologists and other physicians in different institu-
tions may vary greatly. The Canadian PIE-study (Prostatitis, Interstitial Cystitis and 
Epididymitis Study) revealed that the percentage of patients seen by urologists in a 
2-week audit period was lower for academic urologists (1.3%) compared with com-
munity urologists (3.4%). The same study  [  14  ]  showed that 2.5% of patients seen 
by male urologists had IC whereas the respective  fi gure was as high as 7.7% for 
female urologists. Thus the inconsistencies in target populations and diagnostic 
methods used make the comparison of the institutional epidemiological studies 
dif fi cult.  

   Population-Based Epidemiological Studies 

 There are only a few truly population-based studies on PBS/IC (Table  2.2 ).  
 The  fi rst study using ICSI-questionnaire was published as late as 2002  [  15  ] . The 

questionnaire was mailed to randomly selected 2,000 Finnish women 18–71 years 
old from the national population register. After a new mail at 6 weeks of an identical 
questionnaire to those who had not responded, altogether 1,343 women replied 
(67.2%). After exclusions for incompletely  fi lled questionnaires, institutionalisation 
or refusal to participate the  fi nal analysable study group consisted of 1,331 women 
(66.6%). Overall 73% of them had few or no symptoms (score 0–3), while 15% had 
mild (score 4–6), 9% had moderate (score 7–11) and 3% had severe (score 12 or 
greater) symptoms. Respectively, 78% experienced no problem (score 0–3), 13% 
had mild problems (4–6), 7% had moderate problems (7–11) and 2% had severe 
problems (12 or greater). After exclusion of women with urinary infection during 
the last month, 86 of 1,331 (6.5%) reported a moderate or severe symptom score 
combined with a moderate or severe problem score (7 or greater). Eleven women 
(0.8%) reported severe symptoms and problems (12 or greater), and 6 (0.45%) of 
them ful fi lled the criteria for probable IC. 

 Later the same author reported the results of clinical examination of the respond-
ers who had moderate or severe symptoms at the original survey  [  16  ] . This investi-
gation showed that the estimated prevalence of clinically con fi rmed probable IC in 
women was 230 per 100,000 and that of possible/probable IC was 530 per 100,000. 

   Table 2.1    Institutional and respective epidemiological studies on IC   

 Author (ref)  Year  Estimated prevalence per 100,000 

 Oravisto  [  8  ]   1975  18.1 women, 10.6 both genders 
 Held  [  9  ]   1990  30 both genders 
 Bade  [  12  ]   1995  8–16 women 
 Jones  [  10  ]   1997  870 women 
 Curhan  [  11  ]   1999  52–67 women 
 Miki  [  13  ]   2000  4.5 women 
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The corrected estimates taking into account those women who did not undergo clin-
ical examination for various reasons but had high symptom scores were 300 per 
100,000 for probable IC and 680 per 100,000 for possible/probable IC. 

 Rosenberg and Hazzard conducted a survey among all female patients 18–71 years 
old who presented for a routine visit in primary care during 9 months  [  17  ] . These 
women were administered both ICSI and PUF questionnaires. Of the 1,218 eligible 
subjects, 74.5% scored 0–3 in ICSI, 16.5% had mild symptoms (score 4–6), 7% had 
moderate symptoms (7–11) and 2.0% had severe symptoms (12 or greater). The 
problem index was distributed as follows: 89.6% had no problems, 5.7% had mild 
problems, 3.3% had moderate problems and 1.4% had severe problems (12 or 
greater). Altogether 14 women reported severe symptoms and problems including 7 
who  fi lled the criteria of probable IC according to Leppilahti  [  15  ] . The estimated 
prevalence was thus 0.57% (570 per 100,000). Of the 965 patients with PUF 
score, the total percentage of women predicted to have IC was as high as 12.6% 
   (12,600 per 100,000). 

 Another European study from Austria  [  18  ]  appeared 5 years after the Finnish 
study. Women attending a voluntary health survey project in Vienna underwent a 
detailed health investigation and completed ICSI questionnaire as well as other 
questionnaires including items on pain, quality of life and sexual aspects. The study 
comprised 1,143 women of whom 162 were excluded due to urinary tract infection, 
missing urinalysis or incompletely answered questionnaires. Of the remaining 981 
women, 57.9% had no IC symptoms, 25.9% had mild, 13.9% moderate and 2.3% 
severe symptoms (score 12 or greater). Using the same de fi nitions as Leppilahti 
 [  15  ] , the overall prevalence of IC in the Vienna female population was 306 per 
100,000. The strength of this study is that the patients underwent a health examina-
tion having also urinalysis taken to exclude infection. 

 The BACH Survey (Boston area population based, random sample, cross-sec-
tional epidemiological study of a broad range of urological symptoms, funded by 
NIDDK) accomplished a 2-h person interview on 5,506 individuals  [  19  ] . Of them, 
252 were excluded due to history of various urogenital cancers or neurological 

   Table 2.2    Population-based epidemiological studies on PBS/IC (Q = questionnaire)   

 Author (ref no.)  Year  No. of subjects  Gender  Prevalence  Method 

 Leppilahti  [  15  ]   2002  2,000  Female  450  Mailed Q (ICSI) 
 Leppilahti  [  16  ]   2005  2,000  Female  230–300  Clinical con fi rmation of 

the study above 
 Rosenberg  [  17  ]   2004  1,218  Female  570  Q (ICSI) in primary care 

 12,600  Q (PUF) 
 Temml  [  18  ]   2007  1,143  Female  306  Q (ICSI) + clinical 
 Clemens  [  19  ]   2007  5,506  Both  830–2,710 

women 
 Interview with Q’s 

 250–1,220 men 
 Litford  [  20  ]   2009  67,095  Female  2,300  Mailed Q 
 Inoue  [  21  ]   2009  80,367  Female  265  Internet-based Q 
 Choe  [  22  ]   2010  2,323  Female  261  Telephone survey (Q) 
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 diseases affecting bladder function. The survey questionnaire included questions 
about bladder pain, urinary frequency, urinary urgency and nocturia. Many ques-
tions were extracted from ICSI. PBS was de fi ned with eight various symptom com-
plexes. The prevalence of PBS symptoms was 0.83–2.71% in women and 0.25–1.22% 
in men depending on the de fi nitions used. The symptoms were equally common in 
white, black and Hispanic individuals and more common in lower socioeconomic 
group compared with middle and upper status. 

 All participants in the Nurses’ Health Study ( n  = 67,095) were mailed a simple 
question asking whether in the last 10 years they had experienced pain, discomfort or 
burning in the pelvis or bladder for more than 3 months in row and accompanied by 
urinary frequency or urgency  [  20  ] . Those who answered yes ( n  = 4,005) received a 
supplementary larger questionnaire with PBS symptom and bother scores. Of the 
3,042 supplementary questionnaire respondents, 1,548 (51%) con fi rmed symptoms 
consistent with a diagnosis of PBS. The overall prevalence was calculated as 2,395 per 
100,000 women. Using an alternate question to exclude cases with urge incontinence, 
the respective  fi gure was 1,946 per 100,000. Another alternate question to include 
pain with bladder  fi lling and relief with voiding led to a prevalence  fi gure of 2,133 per 
100,000  [  20  ] . The  fi nal estimated  fi gure on PBS in this large survey was 2.3%. 

 Recently, two large important studies have emerged from Asia. Japanese investi-
gators conducted an Internet-based survey among randomly selected women in dif-
ferent age groups  [  21  ] . Questionnaires with socioeconomic data and the ICSI 
questionnaire were sent to little over 80,000 women, of whom 32,074 (39.9%) 
responded. The response rate was as expected, based on other earlier Internet expe-
riences. Responders with severe symptoms (12 or greater in ICSI), nocturia twice or 
more and pain (two points or more) were de fi ned as possible cases of PBS. The total 
number of these women in different age groups was 85 leading to a prevalence 
 fi gure of 0.265% (265 per 100,000). The authors concluded that this prevalence is 
very close to that reported from Western countries and there seems to be no differ-
ence between the races. 

 Likewise, a true population-based study was also reported from Korea  [  22  ] . A 
geographically strati fi ed random sample of female adults 18–71 years old was inter-
viewed by telephone calls using ICSI. The survey conducted 52,625 telephone calls 
and 2,323 women were contacted, 2,300 of these being included in the analysis. The 
mean composite ICSI score for this group was 4.6, the mean symptom score was 3.6 
and problem score was 1.0. Only 8 women reported severe symptoms (12 or greater) 
and severe problems. Of them, six ful fi lled the criteria for “probable PBS/IC” rep-
resenting 0.26% of the whole study population. Thus the estimated prevalence of 
PBS/IC was 261 per 100,000 South Korean women, which is almost identical to the 
respective  fi gure in Japan. 

 Overall, the lowest reported prevalence of IC is 4.5 per 100,000  [  13  ]  and the 
highest is 12,600  [  17  ] . The truth most often lies in between the extremes. Considering 
all studies together, the correct  fi gure might well be in the range of 500 per 
100,000. 

 Little is known about racial and ethnic differences in the prevalence of PBS/IC. 
The only population-based study dealing with these aspects from the United States 
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reported no differences between white, black or Hispanic individuals  [  19  ] . Most 
studies concern white Caucasian or at least do not mention anything about possible 
other races in the surveys. The new reports from Japan and Korea do not show any 
marked difference with data from Western countries (Fig.  2.1 ).   

   Associated Diseases 

 It has been known for quite a long time that patients with PBS/IC symptoms have 
an increased number of certain other diseases or conditions compared with normal 
population. Hand observed already in 1949 an association of allergies  [  23  ] , and 
Sant and Theoharides reported that IC patients suffered often of allergies, migraines 
and some autoimmune diseases  [  24  ] . Alagiri reported in 1997 that patients with IC 
were 100 times more likely to have in fl ammatory bowel disease and 30 times more 
likely to have systemic lupus erythematosus  [  25  ] . This surprising  fi nding was 
detected in a questionnaire-based study evaluating 12 different disease processes 
among 6,783 individuals in the national database of the Interstitial Cystitis 
Association (ICA). After calculations among responders and nonresponders and 
comparisons with population-based prevalence  fi gures of the various diseases, it 
was estimated that 45.4% of the database individuals had symptoms of allergy and 
41.5% had been diagnosed with that disorder. The respective  fi gures for irritable 
bowel syndrome were 37.7 and 30.2%. Other associated diseases were not that 
common but their prevalence was clearly greater than that in normal population. 
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These conditions included  fi bromyalgia, sensitive skin, vulvodynia, migraine and 
endometriosis. 

 Speculations on the possible autoimmune aetiology of IC led to an investigation 
among patients with Sjögren’s syndrome (SS) in Finland  [  26  ] . All women aged 
18–71 years in the Finnish SS patients’ organisation ( n  = 1,214) were sent the ICSI 
questionnaire. The reference group consisted of 2,000 randomly selected women 
from national population registry. The response rate was 81.5% among the SS 
patients and 67.2% in the reference group. Subjects with high symptom and prob-
lem scores (12 or greater) and nocturia  ³ 2 times and pain  ³ 2, without urinary infec-
tion or pregnancy, were regarded as probable IC patients. According to these criteria, 
5% of the SS patients and 0.3% of the control group ful fi lled the criteria for proba-
ble IC. Thus the prevalence of IC was 17 times higher among SS patients compared 
with normal population. 

 Recently, Nickel reported on a questionnaire survey among 205 patients with 
PBS/IC and 117 controls matched for age  [  27  ] . Percentages for the self-reported 
diagnoses or symptoms were 38.6% for irritable bowel syndrome in PBS/IC group 
compared with 5.2% in controls, 17.7% for  fi bromyalgia versus 2.6% in controls, 
9.5% for chronic fatigue syndrome versus 1.7% and 17% for vulvodynia versus 
0.9%. Also migraine headache, tension headache, temporomandibular disorder 
and low back pain were statistically signi fi cantly more common in the patient 
group with PBS/IC compared with the controls. Considerable number of PBS/IC 
patients had more than one associated condition and with increasing number 
of these, the well-being measured by several psychosocial parameters decreased. 
The various diseases and conditions with increased prevalence in patients with PBS/
IC are seen in Table  2.3 .   

   Table 2.3    List of diseases/conditions with increased prevalence among patients with PBS/IC 
compared with normal population   

 Different allergies (rhinitis, hay fever, skin rashes, food allergy) 

 Asthma 
 Irritable bowel syndrome 
 Fibromyalgia 
 Chronic fatigue syndrome 
  a In fl ammatory bowel disease (ulcerative colitis, Crohn’s disease) 
  a Rheumatoid arthritis 
  a Sjögren’s syndrome 
  a Lupus erythematosus 
 Vulvodynia 
 Endometriosis 
 Migraine headache 
 Tension headache 
 Temporomandibular disorder 
 Low back pain 
 Sensitive skin 

   a  Eventual autoimmune diseases  
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   Genetic Aspects 

 Reports on an increased occurrence of IC in twins or close family members  [  28–  30  ]  
have suggested genetic susceptibility for the disease. Warren published a survey 
 [  31  ]  among members of the ICA inquiring by mail about the existence of IC or 
respective symptoms in  fi rst-degree (parents, siblings, children) family members 
and came to the conclusion that in these female relatives of patients with NIDDK-
con fi rmed IC, the prevalence of IC with similar criteria may be as high as 995 per 
100,000. Despite many laboratory-based genetic innovations we are still missing 
large-scale population-based genetic studies on IC/PBS.  

   Future 

 The methodological problems associated with epidemiological studies on the preva-
lence of IC/PBS have been recently addressed by Berry and associates  [  32  ] . They 
pointed out that no information exists about the ability of various questionnaires to 
accurately identify women with IC/PBS (sensitivity) or distinguish them from 
women diagnosed with other similar conditions (speci fi city). To solve these prob-
lems, a rather large case de fi nition panel was established and validation studies 
carried out. Two epidemiological de fi nitions were developed, one with high sensi-
tivity (81%) and low speci fi city (54%), and the other with converse  fi gures (48% 
sensitivity and 83% speci fi city). The authors concluded that for reliable prevalence 
studies two de fi nitions may have to be used. Hopefully, there will be more interna-
tional co-operation to establish common epidemiological criteria which can be used 
worldwide to gain comparable  fi gures for analysis.      
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      Introduction 

 The National Institute of Diabetes and Digestive and Kidney Disease (NIDDK) 
formulated criteria for a diagnosis of interstitial cystitis (IC) in 1987  [  1,   2  ] . These 
criteria were meant for scienti fi c studies but by time there has been varying under-
standing of the substance of these criteria causing a lot of confusion. An illustration 
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of that fact is that the criteria were ful fi lled by only one-third of patients thought to 
have IC by experts  [  3  ] . Moreover, pain is not a mandatory feature for the diagnosis. 
This is in contrast to all de fi nitions published after 1987  [  4–  11  ]  with the exception 
of the Japanese guideline (Table  3.1 )  [  12,   13  ] . This guideline distinguishes hyper-
sensitive bladder syndrome, painful bladder syndrome and interstitial cystitis and 
pain is only mandatory for the diagnosis of painful bladder syndrome (PBS). The 
International Continence Society (ICS) de fi ned the term “PBS” as “the complaint of 
suprapubic pain related to bladder  fi lling, accompanied by other symptoms such as 
increased daytime and night-time frequency, in the absence of proven urinary infec-
tion or other obvious pathology” [  6  ] . The name IC was reserved for PBS with typical 
cystoscopic and histologic features. Logically IC should include some form of 
in fl ammation in the deeper layers of the bladder wall, whereas PBS should include 
pain in the region of the bladder. At the International Consultation on Interstitial 
Cystitis in Japan (ICICJ) in 2003, it became clear that the evaluation and diagnosis 
of patients differed enormously among centres in Europe, North America and Japan 
 [  14  ]  and that a new approach was urgently needed.  

 Criteria for the diagnosis of a disease are needed if the target disease may be 
confused with other diseases (confusable diseases) because of overlapping features 
 [  15  ] . Symptoms and signs for use in diagnostic criteria do not need to be speci fi c for 
the target disease. On the contrary, if a speci fi c symptom or sign existed for the 
target disease, a diagnosis would only require the presence of the speci fi c feature 

   Table 3.1    Overview of mandatory features in publications for the diagnosis of interstitial cystitis (IC), 
painful bladder syndrome (PBS), bladder pain syndrome (BPS) and hypersensitive bladder 
syndrome (HSB, HBS)   

 Source  Name 

 Mandatory feature 

 Pain  Urgency  Frequency  Other 

 NIDDK, 1988  [  1  ]   IC  No  No  No  Pain  or  urgency, glomerula-
tions, Hunner’s ulcer, other 

 Holm–Bentzen 
et al., 1987  [  4  ]  

 IC is a subgroup 
of PB disease 

 Yes  No  No 

 Witherow et al., 
1989  [  5  ]  

 PBS  Yes  No  Yes 

 ICS, 2002  [  6  ]   PBS  Yes  No  No 
 IC  Yes  No  No  IC = PBS + cystoscopic and 

histological features 
 EAU, 2010  [  7  ]   PBS/BPS  Yes  No  No 
 ICI, 2004  [  8  ]   PBS/IC  Yes  No  No 
 ESSIC, 2006, 

2008  [  9,   10  ]  
 BPS types  Yes  No  No 

 ARHP, 2007  [  11  ]   IC/PBS  Yes  No  No  Urgency  or  frequency 
 Homma, 2007, 

2009  [  12,   13  ]  
 HSB/HBS  No  No  No 

 PBS  Yes  No  No 
 IC  No  No  No 
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and diagnostic criteria would not be necessary. For a diagnosis, the target disease 
has to be recognized in a pool of confusable diseases by exclusion of (all) confus-
able diseases or by recognition of a typical combination of features of the target 
disease (Fig.  3.1 ). For the diagnosis of bladder pain syndrome (BPS), the name we 
prefer for IC and PBS (see below), ideally both methods should be used because: 

   Confusable diseases are more common than BPS, so recognition of a confusable  –
disease is mandatory because many can be treated.  
  Failure to diagnose a confusable disease if present would automatically incor- –
rectly yield a diagnosis of BPS.  
  Patients may have two diseases at the same time, a confusable disease and BPS.     –

 The diagnosis of BPS is thus made on the basis of exclusion of confusable dis-
eases in addition to the presence of a typical combination of symptoms and signs of 
BPS. If the main urinary symptoms are not explained by a single diagnosis (confus-
able disease or BPS), the presence of a second diagnosis should be considered.  

   Methods 

 ESSIC held meetings in 2003 and 2004 (Copenhagen, Denmark) on standardization 
of medical history, physical examination, laboratory tests, symptoms evaluation, uro-
dynamics and technique and classi fi cation of cystoscopic and histologic  fi ndings  [  16  ] . 
Brie fl y, glomerulations represent submucosal bleedings at cystoscopy with hydrodis-
tention, with grade 2 being large submucosal bleeding (ecchymosis) and grade 3 dif-
fuse global mucosal bleeding. Detrusor mastocytosis is de fi ned as mast cell counts 
exceeding 28 mast cells/mm 2   [  16  ] . At ESSIC meetings in 2005 in Baden and 2006 in 
London, the following approach to the diagnosis of BPS was discussed:

   Selection of patients who need further evaluation for the presence of BPS.   –
  De fi nition of confusable diseases that may cause urinary symptoms.   –
  Classi fi cation of BPS.      –

PERSONS WITH CONFUSABLE DISEASES

BPS

a b

PERSONS WITH CONFUSABLE DISEASES

BPS

  Fig. 3.1    Schematic representation by  grey  areas of a diagnosis of BPS by exclusion of all confus-
able diseases ( a ) or by recognition of a typical combination of features of BPS ( b )       
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   Results 

   Name 

 Consensus was obtained that the name BPS better complies with our present knowl-
edge and current nomenclature of other pain syndromes than the name IC or PBS. 
ESSIC realized that omitting the name “interstitial cystitis” might cause serious 
problems in different health systems by affecting reimbursement or the possibility 
for patients to gain disability bene fi ts, and it was therefore decided that the name 
bladder pain syndrome/interstitial cystitis (BPS/IC) could be used parallel with BPS 
for the time being.  

   Selection of Patients 

 It was agreed that BPS would be diagnosed on the basis of chronic (>6 months)  [  7  ]  
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 frequency. Confusable diseases as the cause of the symptoms must be excluded. 
Further documentation and classi fi cation of BPS might be performed according to 
 fi ndings at cystoscopy with hydrodistention and morphologic  fi ndings in bladder 
biopsies. The presence of other organ symptoms as well as cognitive, behavioural, 
emotional and sexual symptoms should be addressed.  

   Confusable Diseases 

 Diseases that were discussed and accepted as confusable diseases for BPS are listed 
in Table  3.2  with an indication on how they can be recognized or excluded.   

   Classi fi cation of BPS 

 Consensus was obtained that for the documentation of positive but not mandatory 
signs for the diagnosis of BPS, hydrodistention at cystoscopy was a prerequisite and 
if indicated also a biopsy to document histologic details of BPS. Cystoscopic fea-
tures that were accepted as positive signs of BPS were glomerulations grade 2–3 or 
Hunner’s lesions, or both (see below). Histologic  fi ndings that were accepted as 
positive signs of BPS were in fl ammatory in fi ltrates, granulation tissue, detrusor 
mastocytosis and/or intrafascicular  fi brosis.  
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   Hunner’s Lesion 

 Hunner’s “ulcer” is not a chronic ulcer but rather a distinctive in fl ammatory lesion 
presenting a characteristic deep rupture through the mucosa and submucosa provoked 
by bladder distension. The word “ulcer” suggests that it can be seen at cystoscopy 

   Table 3.2    Confusable diseases for bladder pain syndrome (BPS)   

 Confusable disease  Excluded or diagnosed by *    

 Carcinoma and carcinoma in situ  Cystoscopy and biopsy 
 Infection with 

 Common intestinal bacteria  Routine bacterial culture 
  Chlamydia trachomatis, Ureaplasma 

urealyticum, Mycoplasma hominis, 
Mycoplasma genitalium, Corynebacterium 
urealyticum,  Candida species 

 Special cultures 

  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-in fl ammatory therapy with tiaprofenic acid  Medical history 
 Bladder neck obstruction and neurogenic outlet 

obstruction 
 Uro fl owmetry and ultrasound 

 Bladder stone  Imaging or cystoscopy 
 Lower ureteric stone  Medical history and/or haematuria: Upper 

urinary tract imaging such as 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  Uro fl owmetry and pressure- fl ow 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  fl oor muscle related pain  Medical history, physical examination 

CT = computed tomography; IVP = intravenous pyelogram; PSA = prostate-speci fi c antigen. 
* The diagnosis of a confusable disease does not necessarily exclude a diagnosis of BPS
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without hydrodistention. Consequently, the name Hunner’s ulcer was replaced by 
Hunner’s lesion. The following de fi nition by M. Fall was accepted: “The Hunner’s 
lesion typically presents as a circumscript, reddened mucosal area with small vessels 
radiating towards a central scar, with a  fi brin 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”. 
Despite the fact that cystoscopy with hydrodistension is not mandatory as part of the 
clinical evaluation for a diagnosis of BPS, it is highly recommended as it is virtually 
the best way to diagnose a Hunner’s lesion with major therapeutic implications.  

   Types of BPS 

 BPS shows large variations among patients in clinical presentation, complaints, 
quality of life, cystoscopic and biopsy  fi ndings, response to treatment, clinical 
course and prognosis. It was generally appreciated that these characteristics may be 
correlated only to some extent. Diagnostic criteria and disease classi fi cation should 
facilitate future studies on these relationships. Consequently, types of BPS were 
de fi ned based on the  fi ndings used to document positive signs for the diagnosis of 
BPS. The name BPS will be followed by a type indication that consists of two sym-
bols: Symbols 1, 2 or 3 indicate  fi ndings at cystoscopy with hydrodistention and 
symbols A, B or C of biopsy  fi ndings. X indicates that no cystoscopy with hydrodis-
tention ( fi rst symbol) or no biopsy (second symbol) was done (Table  3.3 ). BPS types 
thus also allow classi fi cation of patients with normal  fi ndings at cystoscopy with 
hydrodistention and normal biopsies as long as they ful fi l the patient selection cri-
teria and also confusable diseases are excluded (BPS type 1A; see Fig.  3.2  and 
Table  3.3 ).     

   Table 3.3       Classi fi cation of types of bladder pain syndrome on the basis of  fi ndings at cystoscopy 
with hydrodistension and of biopsies   

 Cystoscopy with hydrodistension 

 Not done  Normal  Glomerulations a   Hunner’s lesion b  

 Biopsy  Not done  XX  1X  2X  3X 
 Normal  XA  1A  2A  3A 
 Inconclusive  XB  1B  2B  3B 
 Positive c   XC  1C  2C  3C 

   a Cystoscopy: Glomerulations grade 2–3 
  b With or without glomerulations 
  c Histology showing in fl ammatory in fi ltrates, detrusor mastocytosis, granulation tissue and/or intra-
fascicular  fi brosis  
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   Discussion 

   Why Do We Need New Criteria? 

 The NIDDK criteria for the diagnosis of IC were intended for use in scienti fi c studies. 
These criteria, however, did not comprise more than one-third of patients considered to 
have IC by experts  [  3  ] . Pain was not a mandatory feature for the diagnosis in contrast 
to almost all de fi nitions published after 1987  [  4–  10  ] . Moreover, patients under the age 
of 18 years were excluded as were those with voided volumes of more than 350 ml, 
thus making it dif fi cult to study early stages of the disease. These considerations made 
the NIDDK criteria less useful in clinical situations and limited their value in scienti fi c 
studies because the criteria only recognized a biased minority of the patient population. 
The need for the design of new diagnostic criteria is obvious. To avoid unacceptable 
discrepancies between scienti fi c studies and clinical practice, it was considered essen-
tial that new diagnostic criteria could be used in both situations.  

   Why Is Pain a Prerequisite? 

 BPS is characterized by urinary bladder pain  [  4–  10,   17,   18  ] . A recent study, however, 
demonstrated a correlation between pain bother in the IC problem index (burning, 
discomfort, pain or pressure) and the presence of pain in the IC symptom index of only 
0.7  [  19  ] . This  fi nding underscores that many patients report a sensation of pressure or 
discomfort in the bladder/pelvic area and do not report this sensation as pain but rather 
as urgency (see below). The International Association for the Study of Pain (IASP; 
  http://www.iasp-pain.org    ) de fi nition of pain is: “An unpleasant sensory and emotional 
experience associated with actual or potential tissue damage, or described in terms of 
such damage”  [  20  ] . Patients having microwave treatment for benign prostatic obstruc-
tion producing tissue damage at the bladder neck report the same sensation of pressure 
and discomfort in the bladder region  [  21–  23  ] . The sensation is therefore by de fi nition 
a pain sensation, but not described as such by the patient. Pain or the equivalent pres-
sure, discomfort perceived to be related to the bladder, was, therefore, considered to be 
a prerequisite for the description of symptoms on the basis of which patients should 
undergo further investigations for BPS. The increase of pain on bladder  fi lling was left 
out of the description because this association is not always present  [  18,   24,   25  ] .  

   Why Is Urgency Not Included in the Description 
of Patients Who Need Further Evaluation for BPS? 

 Urgency is de fi ned by the ICS as the complaint of a sudden compelling desire to 
pass urine, which is dif fi cult to defer  [  6  ] . BPS is commonly mistaken for overac-
tive bladder (OAB) and vice versa because the term “urgency” is used to describe 

http://www.iasp-pain.org
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the symptoms of both disorders. For some women, urgency is used to indicate the 
heightened need to make it to a toilet quickly to avoid getting wet, whereas other 
women consider urgency to mean a need to void as a way of avoiding intensifying 
pain, pressure or discomfort. The  fi rst group is most likely to have OAB, and the 
latter group can be expected to have BPS  [  18  ] . Urinary urgency was left out of the 
description of patients who need further evaluation for the presence of BPS for sev-
eral reasons. First, urgency is the key symptom of OAB  [  17,   24  ] , a major confusable 
disease for BPS, that is ten times more common than BPS  [  18  ] . Second, the clinical 
aspects of urgency are complex  [  6,   18,   24,   26–  29  ] . At a meeting arranged by the 
Association of Reproductive Health Professionals in the United States in February 
2007 involving 33 urologists, gynaecologists and nurses it was proposed to use the 
term “persistent urge” instead of urgency to avoid confusion with OAB  [  11  ] . Many 
patients  fi nd the strong, unpleasant urge to void the most dominant and disabling 
part of their symptoms, so patients (and doctors) are often confused because, with 

PATIENT SELECTION
patient with chronic 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 frequency

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

residual urine volume by ultrasound scanning,
cystoscopy and biopsy

cystoscopy with hydrodistension1 and biopsy if indicated

symbol 1: cystoscopy findings

X: not done X: not done
1: normal A: normal

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

2: glomerulations grade II or
    III
3: Hunner's lesion (with or
    without glomerulations)

symbol 2: biopsy findings

EXCLUSION OF CONFUSABLE DISEASES

CLASSIFICATION OF BPS

1 in the same session as the cystoscopy above if possible

  Fig. 3.2    Schematic representation of the proposed approach for the diagnosis of bladder pain 
syndrome (BPS)       
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the present terminology, a patient is not allowed to use the word urge to describe 
complaints. In the Oxford Advanced Learner’s Dictionary of Current English urge 
is de fi ned as “a strong desire”, whereas urgency is de fi ned as “needing prompt deci-
sion or action”  [  30  ] . So the words urgency and urge describe very well the differ-
ence between the sensation felt by the patient with OAB and the patient with BPS. 
Persistent urge was therefore included in the de fi nition as a typical symptom, such 
as frequency. It must be stressed that the presence of these symptoms is not neces-
sary to suspect or diagnose BPS.  

   Why is the Potassium Sensitivity Test Not Used 
as a Diagnostic Tool? 

 The potassium sensitivity test (PST) is based on the hypothesis that instilled potas-
sium provokes symptoms such as pain and urgency when the bladder epithelium is 
abnormally permeable. The PST has been found positive in 66–83% of patients with 
BPS but also in similar proportions of patients with cystitis due to radiation and 
other causes, prostatitis and bladder cancer and even in one-third of healthy subjects 
 [  31–  35  ] . The low sensitivity and speci fi city make the PST unsuitable as a diagnostic 
tool  [  36  ] .  

   Why is the APF Test Not Used as a Diagnostic Tool? 

 The antiproliferative factor (APF) is a peptide secreted by bladder epithelial cells 
from patients with BPS  [  37  ] . APF inhibits bladder cell proliferation by means of 
regulation of cell adhesion protein and growth factor production. It has been detected 
in 86% of women with BPS, compared with 8% of asymptomatic control women, 
12% of women with bacterial cystitis and 0% of women with vulvovaginitis, yield-
ing sensitivity and speci fi city values of 91.4 and 90.6%, respectively. The test is 
advocated as a useful non-invasive means for diagnosing BPS in women  [  38  ] . 
However, no data on the clinical value of the APF test for the diagnosis of BPS are 
available to support this claim. Moreover, the test is not yet widely available, so the 
APF test cannot be recommended as a diagnostic tool to date.  

   Why Should Confusable Diseases Be Excluded? 

 In evidence-based medicine, diagnoses are based on medical history, physical 
examination and appropriate clinical investigations to eliminate diseases from the 
list of differential diagnoses (confusable diseases) and to con fi rm the  fi nal diagnosis. 
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BPS may occur together with confusable diseases such as chronic or remitting urinary 
infections or endometriosis. 

 Cystoscopy with hydrodistention and biopsies might in this situation document 
positive signs of BPS, thereby making a double diagnosis more probable. For thera-
peutic studies it makes sense to exclude patients who also have a confusable disease 
because symptoms and signs may be caused by BPS, the confusable disease or both. 
For prevalence studies of BPS, on the other hand, all cases with BPS should be 
included, also those with a confusable disease. This approach eliminates the need 
for separate diagnostic criteria for clinical practice and scienti fi c studies.  

   Why Do We Need Various BPS Types? 

 Unravelling the cause of a disease usually begins with grouping patients with  similar 
symptoms and signs. The hypothesis is that these patients have a disease with the 
same aetiology and pathogenesis that is better recognized in homogeneous than in 
heterogeneous groups. This has been the reason for dividing BPS patients into sub-
groups (types) based on positive signs. It is worth noting that the Hunner type of 
disease stands out as a speci fi c type not only cystoscopically but also with reference 
to histopathology, response to treatment and complications  [  7,   39  ] .  

   Why Do We Propose to Change the Name of IC? 

 Hanno recently stated that the term IC was not descriptive of the clinical syndrome 
or the pathologic  fi ndings in many cases. Moreover, the term IC is misleading 
because it directs attention only to the urinary bladder and in fl ammation  [  40  ] . The 
name IC excludes patients with typical IC symptoms but normal cystoscopic and 
histologic  fi ndings from disease classi fi cation in many countries around the world. 
The inability to classify these patients might have severe negative consequences for 
the patients, for example, in therapeutic, personal, social and many other aspects. 
IC, originally considered a bladder disease, is now considered a chronic pain 
syndrome  [  41  ] . These perceptions have led to the current effort to reconsider the 
name of the disorder  [  7,   40,   42,   43  ] . It is also the contention of the ESSIC that 
the existing terminology of IC hampers development in this area.  

   Why Do We Propose to Choose BPS as the New Name? 

 For some time now there has been much work going on in international organizations 
to create a logical and workable terminology for chronic (persistent) pain conditions. 
For background information we refer to the 2010 Guidelines on Chronic Pelvic Pain 
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issued by the European Association of Urology (EAU)  [  7  ] . The EAU de fi nitions are 
in line with recent recommendations for terminology from the ICS  [  6  ]  and use the 
axial structure of the IASP classi fi cation  [  20  ] . This implies a taxonomy-like approach 
under the umbrella term of chronic pelvic pain syndrome. Further identi fi cation is 
based on the primary organ that appears to be affected on clinical grounds. Urologic 
pelvic pain syndromes are divided into bladder pain syndrome, urethral pain syn-
drome, penile pain syndrome, prostate pain syndrome and others. More speci fi c ter-
minology is based on the identi fi cation of, for example, in fl ammation or infection 
 [  42,   44  ] . The classi fi cation system of chronic pelvic pain syndromes aims to draw 
together the expertise of many specialist groups. The impact of the classi fi cation of 
chronic pelvic pain syndromes thus goes far beyond the scope of IC. Another essen-
tial feature is that the nomenclature and knowledge of pathophysiologic mechanisms 
do not con fl ict with each other. In this context, the name bladder pain syndrome was 
considered the best new name for IC to date, because the name is in line with the 
other chronic pelvic pain syndromes and is in balance with the clinical presentation 
of the syndrome and the level of knowledge of its pathophysiology. We realize that 
changing the name of IC into BPS may have emotional implications, understandably 
for patients, but also for patient organizations with a scope limited to IC and for 
insurance and reimbursement in different health systems around the world. 
Considering these consequences, although BPS is the name of choice, ESSIC agrees 
that including IC in the overall term (BPS/IC) could be used in parallel to BPS during 
a transition period. In this context, it is worth remembering that a subgroup of BPS 
patients (representing the Hunner type of disease) presents interstitial in fl ammation 
and thus ful fi ls the requirements of the original term of    IC.       
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         Background 

 In an organism, epithelia are sophisticated semipermeable barriers dividing the 
external environment from the internal one. Their function is an accurate selection 
of any molecule they encounter. If harmful or useless, molecules can be neutralized 
or eliminated or absorbed and transformed in ways which make them usable. Other 
than analyzing the microenvironment they surround, it should be noted that epithe-
lia are an integral part of the “sensory web,” the system regulating the overall func-
tioning of the organ they are part of. 

 In particular, the urothelium can synthesize and release into urine molecules per-
forming signi fi cant homeostatic functions  [  1  ] , as well as act as an ef fi cient mecha-
nosensor  [  2  ] . Receptors  [  3  ]  functionally related to ion channels allow the urothelium 
to respond to mechanical inputs by generating chemical outputs which stimulate 
nerve endings, either acutely and/or chronically (Fig.  4.1 )  [  4  ] .  

 By knocking out one or more genes regulating the synthesis of urothelial recep-
tors, pathological conditions may develop: vesicoureteral re fl ux, hydronephrosis, 
renal failure, or pictures caused by some congenital urinary abnormalities and, in 
particular, by bladder pain syndrome/interstitial cystitis  [  5  ] . This has led to suggest 
a possible involvement of the urothelium in several urological diseases. Aim of this 
monograph is to de fi ne, through a molecular pathophysiological analysis, the actual 
role played by the urothelium in the “natural history” of such disorders: “passive 
bystander or active participant?”  [  6  ]   
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   Urothelium 

   Molecular Bases of Impermeability and Distensibility 

 The mucosa lining the urinary tract is impermeable and distensible: this is due to 
the structural and molecular arrangement of its lining epithelium, termed 
urothelium. 

 The urothelium consists of three layers of epithelial cells (urothelial cells): a 
line of small, irregularly discoidal or polyedrical basal cells; several lines of inter-
mediate cells, and pyriform or clavate cells, with a surface-bound swollen end and 
a thin extremity between basal cells; and one line of super fi cial umbrella cells; the 
latter have a polygonal contour, are very bulky, and, sometimes,    binuclear 
(Fig.  4.2 )  [  7  ] . Their convex, apical surface protrudes into the lumen and is coated 
by a thin PAS/Alcian-positive lining (coating); their basal surface exhibits some 
pits matching with the swollen ends of intermediate cells. Urothelial cells can be 
typi fi ed according to the type of keratin they synthesize: basal cells express kera-
tins 5, 3, 14, 17 and super fi cial cells express keratins 7, 8, 18, 20  [  8  ] .   

  Fig. 4.1    The urothelium releases homeostatic molecules into urine (tissue-type plasminogen acti-
vator, urokinase, PP5); through its receptors (vanilloids, purinergic P2X3), it produces “signaling 
molecules” (ATP, acetylcholine, nitric oxide) regulating the urinary tract physiology through the 
“sensory web.” From Tajana G. Fisiopatologia clinica e biologia molecolare dell’urotelio. Minerva 
Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with permission from Edizioni Minerva Medica       
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   Selective Impermeability: The Three Urothelial Barriers 

 The urothelium is interfaced not only with urine but also with the sub-urothelium 
blood microcirculation. Therefore, it must possess ef fi cient systems to guarantee 
impermeability as well as selective permeability. This mechanism is regulated by 
the synchronized action of three barriers in the apical, lateral, and basal regions 
(Fig.  4.3 )  [  9,   10  ] .  

 The apical barrier prevents the passage of small molecules, neutralizes toxic sub-
stances, inhibits the formation of microcrystals, and hinders uropathogen adhesion. 
It consists of an “umbrella” cell coating and some classes of membrane proteins 
from the uroplakin family. 

 Lateral barriers prevent the intercellular percolation of urine thanks to the sequen-
tial arrangement of desmosomes, leaky and tight junctions  [  11  ] . These junction sys-
tems are regulated by at least one hundred genes producing over forty proteins 
which in turn form a complex molecular “mastic.” Junctional proteins belong to 
three classes: cadherins, claudins, and occludins. 

 Cadherins (desmoplakin, cadherin-E) are typically found in desmosomes; their func-
tioning depends on calcium levels; calcium chelation makes their adhesive capacity less 
potent. There exist different isoforms of claudins (1, 2, 4, 5, 7, 8, 12, 14, 16). Of these, a 
key role is played by 4, 8, 12 which connect “umbrella” cells to clavate and basal cells  [  12  ] ; 
a major role is also played by occludins (ZO-1, ZO-2, ZO-3, cingulin)  [  13,   14  ] . Some of 
them, along with laminin, make up the basal barrier, which mediates adhesion to the basal 
lamina regulating the electrostatic balance of the entire urothelium. Urothelial junction 
systems provide for intercellular adhesion (gate function) and largely determine the polar-
ity of urothelial cells by preventing the diffusion of phospholipids or the migration of 
proteins inside the plasma membrane (fence function). Their synthesis is  regulated by 
several factors: EGF, PPAR-gamma, and RAS gene; in particular, a RAS gene mutation 

  Fig. 4.2    Urothelium cell populations: Urothelial cells. From Tajana G. Fisiopatologia clinica e 
biologia molecolare dell’urotelio. Minerva Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with 
permission from Edizioni Minerva Medica       
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alters the urothelial tridimensional structure  [  15  ] . Finally, the three barriers play an active 
role in controlling the urothelial phenotype: through the cytoskeleton, barriers can com-
municate any plasticity changes to the genome. Such changes may affect the whole urothe-
lium during the micturition cycle. Changes are switched into “regulatory signals” of the 
urothelium gene expression  [  16  ] . 

 In the early 1980s, it was shown that during the micturition cycle, urothelial cells 
go through a deep plastic remodeling aimed at adapting their tridimensional shape 
to any bladder volumetric change (Fig.  4.4 ).  

 Club-shaped cells decrease in height and wedge themselves into basal cells; 
“umbrella” cells get  fl at and change their shape from cuboidal to squamous cells 
with a +22 % increase of their apical surface  [  17  ] . Overall, these cytoskeleton-reg-
ulated changes  [  18  ]  are associated to an increase of intracellular calcium and a 
tenfold greater ATP production  [  17  ] . 

 Urothelium distensibility results from an expansion of its apical surface. Discoidal 
vesicles, present in cytoplasm, merge and integrate with the apical membrane 
increasing the surface of this latter. 

 Discoidal vesicles are  fl attened membrane sacculi; they originate from the Golgi 
apparatus. When the bladder wall is stretched, they migrate from Golgi apparatus to 
reach and merge with speci fi c portions of the membrane called attachment plaques; 
in this way, the cell surface is ampli fi ed and the bladder is distended. Discoidal 
vesicles, other than integrating their phospholipids with those of the umbrella cell 
plasma membrane, transfer a number of proteins into their bilayer (uroplakins, syn-
aptobrevin, SNAP23, syntaxin) regulating exo-endocytosis mechanisms  [  19  ] . The 
 fi ne-tuning of such mechanisms depends on the alignment between attachment 
plaques, cytoskeleton, and cytokeratins 7 and 20 forming a kind of “migration 

  Fig. 4.3    Urothelium impermeability results from cooperation among three barriers: apical, lateral, 
basal. From Tajana G. Fisiopatologia clinica e biologia molecolare dell’urotelio. Minerva Urol 
Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with permission from Edizioni Minerva Medica       
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tracks” for discoidal vesicles. Plasma membrane fusion increases the luminal sur-
face by 50 %, from 2,900 to 4,300  m m 2   [  20  ] . 

 An increased apical surface is associated to a matching endocytosis counter-mech-
anism, which begins within 5 min. By then, the plasma membrane curbs its expansion 
by producing endocytosis vesicles; these move into the inside of the cell where they 
are partially destroyed by lysosomes and,  fi nally, by proteosomes. This establishes an 
“exocytosis–endocytosis cycle” which adapts the “umbrella” cell surface to the mac-
roscopic changes affecting the bladder during the micturition cycle  [  21  ] . 

 Interestingly, the stretch exerted on the apical portion is accompanied by the 
activation of sodium channels which remain open throughout exocytosis. When the 
stretch is transferred to the basolateral portions of the cell, potassium channels regu-
lating endocytosis are activated  [  22  ] . Hence, the alternate operation of sodium/
potassium channels “synchronizes” urothelial distensibility. An alteration of ion 
 fl ow (elevated potassium levels) may interfere with the exo/endocytosis cycle.  

   The Role of Dynamin in the Regulation of Vesicular 
Traf fi c in the Urothelium 

 Vesicular traf fi c is regulated by a cyclic AMP-dependent protein kinase mechanism. 
However, the “engine” of this cycle starts from a speci fi c molecule: dynamin, a 100-
kDa GTP ase  [  23  ]  which can direct “exo/endocytosis” mechanisms  [  24  ] . 

 Dynamin is found in the Golgi apparatus and in other cellular districts  [  25  ] . Its close 
interactions with actin, on the cytoplasmic side of the membrane, makes it a possible 
“propellant” of vesicular traf fi c  [  26  ] . It has two isoforms (dynamin 1 and 2), directly 
interacting with the clathrin transport system; both contribute to the structural stabiliza-
tion of centrosome  [  27  ] . Moreover, it is an important transducer and can induce P53 

  Fig. 4.4    The urothelium is heavily modi fi ed through the reversible distension of its urothelial 
cells. From Tajana G. Fisiopatologia clinica e biologia molecolare dell’urotelio. Minerva Urol 
Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with permission from Edizioni Minerva Medica       
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synthesis, decrease the cell proliferation rate, and activate apoptosis through caspase 3 
 [  25  ] . While dynamin activity is sterically specialized, COOH-terminus regulates endo-
cytosis mechanisms and NH (2)- triggers apoptotic mechanisms  [  28  ] . 

 Dynamin activity can be reversibly blocked by Dynasore, a fast-acting small mole-
cule; it was isolated after screening over 16,000 compounds. It acts as a noncompetitive 
inhibitor and can reversibly block dynamin-dependent endocytosis mechanisms  [  29  ] .  

   Attachment Plaques: Molecular Composition 

 Attachment plaques play a crucial role in the “exo/endocytosis mechanism.” Also 
called Asymmetric Unit Membranes (AUMs), they consist of uroplakins, a set of 
four protein species (Ia, Ib, II, III). Cryo-electron microscopy shows their crystal-
line hexamer arrangement; they are 135 nm thick and protrude by 2 nm into the 
membrane: they have close functional interactions with the cytoskeleton inside and 
with coating components on the outside. 

 These complexes are not mere structural stabilizers; they play a crucial role in 
controlling apical permeability. Uroplakins are found in discoidal vesicles, travel 
through the Golgi apparatus, and, from here, through the cytoskeleton, are sorted at 
plaque level where they merge with the plasma membrane  [  30  ] . 

 The quali-quantitative assortment of uroplakins varies across various urothelial 
regions and is affected by the mechanical activity exerted vby the pressure–stretch 
combination  [  31  ] . The assembly of uroplakins implies their partial structural change. 
This is handled by a set of molecules called maturation-facilitators, consisting of 
coating components and speci fi c glycosyltransferases  [  32  ] . Uroplakins position 
themselves in speci fi c regions of the phospholipid bilayer, called “rafts,” i.e., plasma 
membrane micro-domains formed by a speci fi c lipid subset (phosphatydilcholine, 
phosphatydilethanolamine, cerebrosides, sulfatides, and cholesterol) and by a num-
ber of coating-related glycophospholipids. The composition of “rafts” can change 
with the diet and metabolism; they can interfere with the uroplakin function  [  33  ] . If 
damaged, “rafts” may prevent uropathogens from adhering to speci fi c receptors, 
thus suggesting their paradoxical protective role  [  34  ] . 

 The same lipid membrane composition can in fl uence the urothelium exo/endo-
cytosis mechanisms  [  35  ] .   

   Urothelial Coating 

   Urothelial “Coating” Is the Carbohydrate Coating of “Umbrella” 
Cells 

 The urothelial lumen is lined by a soft,  fl exible coating (cell coat, glycocalix, fuzz), 
a constituent of the apical membrane of “umbrella” cells. This thin layer is all but 
compact: it is made from a material resembling a frayed “down,” under electron 
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microscopy; as to optical microscopy, special  fi xation techniques should be 
employed to avoid its solubilization. Histochemistry and immunocytochemistry 
techniques can detect and identify its molecular components  [  36  ] . 

 Coating can be easily identi fi ed with Alcian Blue (AB), in a sodium acetate buffer 
(pH 5.8 or 0.6 M/0.8 M MgCl 

2
 ). Under transmission electron microscopy, coating 

can be seen through speci fi c probes like ferritin or ruthenium red. The use of EDX 
(Energy-dispersive X-ray spectrometry) does con fi rm its mucopolysaccharide nature 
 [  37  ] . A combination of speci fi c antibodies shows a good correlation between the 
coating ultrastructural appearance and its molecular composition  [  38  ] . The tridimen-
sional morphology of coating, urothelium, and sub-urothelium can be explored 
in vivo thanks to confocal microscopy and coating-binding  fl uorescent probes (SYTO 
179)  [  39  ] ; other options include confocal laser endomicroscopy  [  40  ]  or ultrahigh 
resolution optical coherence tomography (UHR-OCT): these techniques yield high-
resolution morphological images like conventional microscopy  [  41  ] . 

 Coating acts as a barrier against small molecules (urea), prevents the formation 
of microcrystals in urine (nucleation), and provides a signi fi cant antibacterial pro-
tection by interfering with uropathogen adhesion. A decreased ef fi ciency and/or 
loss of these properties can modify the overall function of the urothelium and pro-
mote the onset of a urothelial dysfunction  [  42  ] .  

   The Coating Molecular Components 

 Urothelial coating can be roughly subdivided into a deep and a super fi cial portion. 
The deep portion consists of carbohydrate termini of glycoproteins, proteoglycans, 
and glycolipids; the super fi cial portion consists of glycosaminoglycans (GAGs) 
with a stable and/or labile interaction with the deep-layer molecular component 
(Fig.  4.5 ).   

   Coating Glycoproteins 

   Functional Glycoproteins 

 Integral membrane proteins carrying 1 to 15 poorly rami fi ed oligosaccharide chains 
into the extremity protruding outside the cell. They occupy the deep portion of coat-
ing where they play a co-receptor function, synergizing the action of growth factors 
or hormones.  

   Structural Glycoproteins 

 Similar to the previous ones, their highly rami fi ed chains can establish dynamic 
interactions with the different molecular components of coating.  
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   Polyfunctional Glycoproteins: HB-EGF 

 Heparin-binding epidermal growth factor-like growth factor (HB-EGF) is a glyco-
protein of the Epidermal Growth Factor (EGF) family performing several 
functions. 

 These proteins exist in two molecular versions: 27 kDa proHB-EGF and 19 kDa 
sHBEGF  [  43,   44  ] . 

 proHB-EGF is localized in the plasma membrane where it interacts with integrin 
and alpha3beta1  [  45,   46  ] . It performs a paracrine mitogenic function, since it acts 
directly on EGF receptor  [  47  ] . Moreover, HB-EGF can stabilize the coating  [  48  ]  struc-
ture by speci fi cally and unspeci fi cally binding to heparan sulfate as well as to various 
classes of GAGs and some coating-speci fi c glucosides ( d -mannose,  d -galactose, 
 l -fucose,  N -acetyl- d -glucosamine)  [  49  ] . 

 Calcium-depending binding ef fi ciency can be  [  50  ]  analyzed by evaluating the 
labeled-radioligand binding. HB-EGF has two binding areas in its structure. The largest 

  Fig. 4.5    Special techniques    (celylpyridinium chloride and ruthenium red) preserve and detect the 
presence of coating as a  fi ne “black precipitate” ( a ). On a larger magni fi cation ( b ), coating shows 
its speci fi c arrangement: a super fi cial layer largely consisting of glycoprotein carbohydrate chains 
and “free” GAGs and a deep layer where the largest share is represented by proteoglycans. From 
Tajana G. Fisiopatologia clinica e biologia molecolare dell’urotelio. Minerva Urol Nefrol 2009; 
61(3 suppl 1):1–29. Reprinted with permission from Edizioni Minerva Medica       
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area has approximately 1,000,000 cell/binding sites and a 6.1 nM–44 nM af fi nity con-
stant  K (d); the smaller one has 28,000 cell/binding sites  [  51  ] . 

 Once protein kinase has been activated, HB-EGF structure cleaves 74 aminoac-
ids; in this way, 27 kDa proHB-EGF is transformed into 19 kDa sHB-EGF and, by 
shedding, is expelled from the membrane; yet, its EGF receptor mitogenic stimula-
tory role remains intact  [  52,   53  ] .  

   Anti-lithiasis Glycoproteins: THP 

 THP (Tamm–Horsfall glycoprotein 68 kDa) or uromodulin (UMOD) is a sialogly-
coprotein capable of neutralizing the potential formation of microcrystals  [  54  ] , 
thanks to the combined action of its sialic acid residues with albumin  [  55  ] . Alike 
renal “nephron units,” the urothelium synthesizes THP and places it into its coating 
 [  56  ] ; here, it can neutralize potentially harmful low-molecular-weight polyamines 
and cathiones  [  57  ]  by means of the electrostatic action of sialic acid residues  [  58  ] . 

 THP is the most abundant urinary glycoprotein. Mostly produced by the thick 
ascending limb of Henle’s loop and distal convoluted tubule cells, it is found in the 
membrane apical portion through a glycolipid portion called GPI (Glycosyl 
Phosphatidylinositol-anchored) and SPd1 antigen, thanks to speci fi c glycosyltrans-
ferase-regulated binding. This generates a coating regulating water impermeability 
in the nephron diluting segments. Its involvement in calcium-containing kidney 
stones is still unclear; its role in other pathophysiological conditions (medullary 
cystic kidney disease-2, MCKD2; familial juvenile hyperuricemic nephropathy, 
FJHN; juvenile hyperuricemia) is poorly understood, even though its possible 
immunopathogenetic role in chronic interstitial nephritis has raised a remarkable 
interest  [  59  ] .  

   Anti-pathogen Glycoproteins: GP51 

 GP51 is a 51 kDa glycoprotein: when placed in the coating, it creates a “strategic” 
defense mechanism against gram-positive and -negative uropathogens. 

  Escherichia coli, Enterobacter cloacae, Klebsiella pneumoniae, Proteus vul-
garis, Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus aureus, S. 
epidermidis, Streptococcus faecalis.  

 It is produced by the entire urothelium and especially by the bladder; its concen-
tration rises during both tissue and urinary infections  [  60,   61  ] .  

   Epitectin (MUC-1 Glycoprotein) 

 It is a membrane protein with a typical 20 amino acid sequence subject to a varying 
degree of glycosylation (20- to 120-fold). It signi fi cantly protects against patho-
gens; moreover, it can bind and transduce “signals.” Its increased synthesis and 
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glycosylation have been associated with the onset of cancer. Its expression is stable 
throughout the menstrual cycle and can generally be assayed in urine (epitectin 
>4  m g/ml) (Fig.  4.6 )  [  62  ] .    

   Proteoglycans 

 Unlike glycoproteins where proteins prevail, proteoglycans comprise a main protein 
(core protein) and a large series of heteropolysaccharide chains called GAGs. The 
latter interact with each other or with other coating components to form “molecular 
sieves”: these have a variable selectivity, according to the diameter of porosities and 

  Fig. 4.6    Coating glycoproteins (GP): Functions: (1) Structural GPs: interact with PGs and bind 
GAGs; (2) functional GPs: activate growth factor receptors (R); (3) polyfunctional GPs: interact 
with PGs, bind GAGs, and activate growth factor receptors; (4) HB-EGF: bind GAGs and activate 
EGF receptor; (5) THP: scavenging action, prevents formation of crystals; (6) GP-51: inhibits 
uropathogen adhesion; (7) epitectin: “signal” transduction. From Tajana G. Fisiopatologia clinica 
e biologia molecolare dell’urotelio. Minerva Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with 
permission from Edizioni Minerva Medica       
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the  fi nal net charge. These “dynamic  fi lters” (they are continuously formed and 
destroyed) can bind to signal transduction molecules; action of these is prevented 
through sequestration or enhanced when their local concentration is increased 
 [  63  ] . 

 In urothelial coating, four classes of proteoglycans with different molecular 
weights have been identi fi ed  [  64  ] .  

   Low-Molecular-Weight Proteoglycans 

   Biglycan 

 Type I proteoglycan I (PG-I) is also known as biglycan, because it consists of two 
molecules of chondroitin sulfate joined at one end by a leucin-rich polypeptide.  

   Decorin 

 TypeII proteoglycan (PG-II): Alike PG-I, it comprises a protein portion joined to 
just one chondroitin sulfate molecule.   

   High-Molecular-Weight Proteoglycans 

   Perlecan 

 Markedly polyanionic, it interacts with GAGs to form an ef fi cient electrostatic 
barrier.  

   Sindecan 

 Its “protein core” acts as a transmembrane protein and/or as a co-receptor for some 
growth factors (Fig.  4.7 ).   

   Glycosaminoglycans 

 Long, linear heteropolysaccharide chains mostly comprising heparan sulfate, chon-
droitin sulfate, dermatan sulfate, and hyaluronic acid; they can complement with 
proteoglycans or create a “free pool” interacting through weak bindings (hydrogen 
bindings, Van der Walls, Coulomb forces) with coating structural GAGs so as to 
lengthen them; also, they can  fi ll any electrostatically empty areas. Chondroitin 
sulfate is the most commonly observed GAG  [  65  ] . 
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 Colorimetric techniques allow to de fi ne the overall amount of sulfated GAGs, 
not found in the urothelium. While non-sulfated GAGs (hyaluronic acid) have a 
2.15 × 10 −4 –5.50 × 10 −4  mmol/kg dry weight, sulfated GAGs’ dry weight varies 
between 2.00 × 10 −1  and 7.40 × 10 −1  mmol/kg. These values match those obtained 
through different methods (gel electrophoresis)  [  66,   67  ] . 

 Balanced mixtures of GAGs employed in bladder instillation come together in 
this “free pool” where they can integrate with the various coating components.   

   Glycolipids 

 Structural lipids enclosed in membrane “rafts”; they bind the polar heads of carbo-
hydrates and can therefore interact with glycoproteins and GAGs; they play a key 
role in the formation of the coating  fi ltering portion and can in fl uence the uroplakin 
function.  

  Fig. 4.7    Proteoglycans, glycolipids, and uroplakins; high- and low-molecular-weight PGs form 
selective  fi lters together with GPs. Glycolipids demarcate GP and PG position in coating; they also 
interact with uroplakins to perform their barrier function. From Tajana G. Fisiopatologia clinica e 
biologia molecolare dell’urotelio. Minerva Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with 
permission from Edizioni Minerva Medica       
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   Basolateral Barriers 

 Chondroitin sulfate is found not only in coating but also particularly in the basal 
portions where it might be involved in the regulation of differentiation mechanisms 
and, more speci fi cally, of ion channel ef fi ciency; hyaluronic acid is involved in 
maintaining urothelial differentiation (Fig.  4.8 )  [  65  ] .    

   Sub-urothelium 

   Sub-urothelial Interstitium: Cell Populations and Formations 

 The sub-urothelial region (lamina propria) is the interstitial tissue extending from 
the basal lamina, where it adheres to the urothelium, to the muscle wall. It is a 
deformable and  fl exible connective matrix, given its molecular composition: elastin 

  Fig. 4.8    Reconstruction of coating molecular components: Glycoproteins, proteoglycans, glyco-
lipids, free GAGs, and uroplakins. From Tajana G. Fisiopatologia clinica e biologia molecolare 
dell’urotelio. Minerva Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with permission from 
Edizioni Minerva Medica       
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complex (elastin;  fi brillin-1; micro fi bril-associated glycoprotein, MAGP) and type 
I, III, and IV collagen  [  68,   69  ] , stabilized by  fi bronectin and laminin  [  70  ] . Other 
than being a functional junction between the urothelium and the “sensory web,” it is 
an “ideal” microenvironment for the neurovascular network: it allows microcircula-
tion to nourish the urothelium, collecting and concentrating signals generated dur-
ing its activity; these are sent to the motor-controlling efferent neuronal network and 
to the sensory-controlling afferent neuronal network. 

 Around the microcirculatory sub-urothelial network, there exists an arrangement 
of individual lymphatic nodules, mast cells, fat cell islets, and, close to the trigone, 
small, aberrant urethral glands. These cell populations establish connections of vari-
ous types with afferent and efferent nerve endings. Finally, the sub-urothelium, 
thanks to its elastic properties, exerts a signi fi cant mechanical action: it absorbs the 
tone generated by myocyte contractility and then transfers it to the urothelium, thus 
amplifying its distensibility.  

   Sub-urothelial Microcirculation 

 A study of the vascular tridimensional microarchitecture of the bladder shows two 
major vascular plexuses: a sub-urothelial super fi cial plexus and a deep one, in close 
contact with myocytes. Such plexuses are connected through a series of capillaries 
which, depending on the distension of the bladder wall, change their shape from 
helicoidal to rectilinear: they act as pressure shock absorbers regulating the supply of 
blood in the bladder wall to prevent the onset of local hypertension (Fig.  4.9 )  [  71  ] .  

 The sub-urothelium begins to develop during the embryo-fetal period and is fully 
formed by the early years of life. It is regulated by the urothelium itself through 
soluble factors which can guide the differentiation of resident mesenchymal cells 
into myocytes: a low concentration level inhibits differentiation whereas a high con-
centration level promotes the formation of myoblasts both before and afterwards, 
other than regulating the myogenesis of complex muscle wall systems  [  72  ] . 
Likewise, the sub-urothelium produces factors capable of directing the differentia-
tion of the urothelium and its barriers  [  73  ] .  

   The Urothelial Pacemaker 

 The bladder expresses a series of spontaneous rhythmic contractions (SRCs). This 
auto-rhythmicity is regulated by a sophisticated “impulse generator,” located in the 
sub-urothelium. 

 Similar to the heart, where the atrial sinus node generates a basic or sinus rhythm, 
which can vary and spread through the conduction tissue, the bladder is provided with 
a sophisticated “pacemaker” generating and sending autonomous electric impulses. 
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 The bladder “rhythmic section” consists of interstitial or Cajal cells, which can 
be visualized as Kit 67 and vimentin-positive cells  [  74  ] . These star-shaped cells 
connect to each other or to myocytes through the gap junction (connexins 40, 43, 
45)  [  75  ] ; at the same time, they can establish functional connections with the blad-
der intramural nerve endings  [  76  ] . Thanks to M3 muscarinic receptor  [  77  ] , such 
cells are functionally related with the autonomic nervous system; they respond to 
NO by releasing intracellular cGMP  [  78  ] . Moreover, they are provided with an 
ef fi cient cycloxigenase-producing prostaglandins, essential to confer a speci fi c pace 
to spontaneous rhythmic contractions  [  79  ] . 

 Urinary Cajal cells have a similar morphology and activity as intestinal Cajal 
cells involved in the generation of peristaltic waves. With their marked bioelectric 
features, these cells are found in the urinary tract of every mammal and play a cen-
tral role in bladder pathophysiology (Fig.  4.10 )  [  80  ] .  

 Sui’s group analyzed Cajal cells’ electrophysiological properties in vitro. After a 
“mechanical stretch” or an “electrical stimulation of the urothelium” with a subse-
quent ATP production and release, Cajal cells can (by means of intracellular cal-
cium increase) establish an ef fi cient “sensory feedback” with the urothelium  [  75  ] . 
Imaging techniques monitoring the intracellular calcium  fl ux showed that Cajal 
cells are not phenotypically homogenous; there exist at least two subtypes generat-
ing high/low frequencies which stabilize/change the rhythm, respectively, thus 
modulating the signal transmission  [  81  ] .  

   Functional Signi fi cance of the Bladder Impulse Generator 

 According to Lang, two distinct, synchronous pacemakers seem to coexist in the 
bladder: the bladder and the urethral pacemakers; the latter seems to generate a 
“rudimentary” peristalsis  [  82  ] . 

  Fig. 4.9    Sub-urothelium microcirculation. From Tajana G. Fisiopatologia clinica e biologia mole-
colare dell’urotelio. Minerva Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with permission 
from Edizioni Minerva Medica       
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 Seemingly, their functional role consists of promoting, through a basic rhythm, 
local contractions generating stresses which, once spread, quickly activate stretch-
ing receptors or, alternatively, induce the synthesis and release of urothelial derived 
factors. In this way, the whole system would avail itself of a “perceptive system” 
which can be continuously modulated  [  83  ] . 

 This hypothesis was demonstrated by J Gillespie’s group in a number of animal 
models: the administration of various exogenous substances was shown to modify 
basal RMCs. In the lack of stimulation, spontaneous elevations of mechanical ten-
sion occur. Muscarinic and nicotinic agonists cause an increase of contractile width 
and synchronicity. Adrenergic agonists, CGRP, or an elevated AMPc level reduce 
the width and frequency of contractions; on the other hand, ATP and P substance 
analogues cause an increased frequency  [  84–  86  ] . 

 Capsaicin exerts a complex effect on spontaneous contractions: it induces CGRP 
and P substance release from afferent nerve endings  [  87  ] . This observation suggests 
that local re fl ex can modulate the generation of spontaneous contractions. 

 In conclusion, Cajal cells and their receptors constitute a potential target for a 
pharmacological approach aimed at reducing detrusor spontaneous contractions 
without interfering with its function.  

   Myo fi broblasts as a “Conduction Tissue” 

 The bladder pacemaker action on the muscle wall contraction is not direct: it is 
mediated by interstitial myo fi broblasts (Fig.  4.11 ). These play a signi fi cant liaison 
and modulation role. In many ways, they resemble the cardiac conduction tissue; 
myo fi broblasts communicate with each other and with Cajal cells and myocytes 
through a set of gap-junctions showing a sophisticated arrangement. This creates an 

  Fig. 4.10    Cajal cells. From 
Tajana G. Fisiopatologia 
clinica e biologia molecolare 
delleprinted with permission 
from Edizioni Minerva 
Medica       
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extremely ef fi cient cyto-electric syncytium having a synergistic function with the 
local nervous network  [  88  ] .  

 The network ef fi ciency is due to the gap-junction molecular characteristics. Their 
structure contains, other than conventional connexins (26, 43, 45), cadherin 11 
which can enhance the transmission ef fi cacy  [  89,   90  ] . Since myo fi broblasts have 
their own muscarinic receptors (M2 and M3), they can be directly stimulated. 
Although alterations of the myo fi broblast network have been related with bladder 
overactivity, their role in the onset and maintenance of clinical pictures is thought to 
be limited and/or minor  [  91–  93  ] .   

  Fig. 4.11    The “sensory web” structure. Activity of the urothelium generates chemical signals 
(ATP, adrenaline, acetylcholine, NO) regulating Cajal cell function; Cajal cells interact with affer-
ent and efferent  fi bers. Through myo fi broblasts and the “gap-junctions” system, myocyte contrac-
tion as well as control of muscle wall are activated. From Tajana G. Fisiopatologia clinica e 
biologia molecolare dell’urotelio. Minerva Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with 
permission from Edizioni Minerva Medica       
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   Urothelial Dysfunction 

   From Urothelial Function to Urothelial Dysfunction 

 A “dysfunction” is the quantitative/qualitative alteration of a function (hyper- or hypo-
function). This generic pathophysiological term, however, lends itself pretty well to 
de fi ning a complex set of symptoms, from both a clinical and molecular standpoint. 
As to the urothelium, a dysfunction exists when the urothelium cannot perform its 
normal physiological activity, determining an abnormal sensory web function. 

 A urothelial dysfunction can be experimentally induced by protamine, a polyca-
tionic protein. This action determines a rapid disappearance of coating, alters the 
cytoskeleton arrangement of “umbrella” cells, and destabilizes the basolateral bar-
riers with a direct impact on junction proteins (occludins, claudins, ZO-1)  [  94  ] . 

 A comparative microarray study of control and “cloned” urothelial cells from patients 
diagnosed with urothelial dysfunction has led to quantify 302 involved genes: 162 genes 
were shown to be “up-regulated,” and 140 were “down-regulated” (Table  4.1 )  [  95  ] .  

 Hence, the identi fi cation of a speci fi c etiology is quite dif fi cult in the natural his-
tory of urothelial dysfunction. Table  4.2 , based on data available in the literature, 
shows conditions which can determine a dysfunction. These are thought to be 
urothelial barrier alterations or a consequence of the altered function of urothelium 
basic “activities” or are caused by exogenous factors.    

   Dysfunctions Induced by Urothelial “Barrier” Alterations 

   Coating Deterioration 

 Quali-quantitative alterations of the coating molecular components can impair the 
urothelium function. 

 Given the complexity and high interaction levels established by these macromole-
cules, it is extremely dif fi cult to de fi ne a time sequence or a priority order in the dete-
rioration of the coating molecular components. The initial analysis of coating residues 
or “remnant” identi fi ed signi fi cant changes in the amount of glycoproteins rather than 
proteoglycans  [  96  ] . In particular, according to Moskowitz study, GP-1 epitectin dra-
matically dropped in 61 % of patients or was totally absent in 35 % of them  [  97  ] . As 
to GAGs, chondroitin sulfate levels appeared to be markedly reduced  [  65  ] . More sen-
sitive methods showed that all molecular components of coating were affected. In the 
absence of  fl ogosis, coating suffers from a structural collapse mostly due to a loss of 
low- and high-molecular-weight proteoglycans (biglycan and perlecan)  [  64  ] . Such 
 fi nding correlates with the increased excretion of these urinary components. 

 Even free GAGs could hardly integrate into coating because of a decrease of 
binding structures (HB-EGF) and the presence of THP with low sialic acid levels. 
After the coating deterioration, the apical membrane shows numerous pleomorphic 
microvilli lined with “remnants”  [  98  ] .  
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   Permeability Changes 

 Coating modi fi cations can induce an increased potassium  fl ow in urothelial cells 
 [  56,   99  ]  and in fl uence the activity of other functionally related membrane proteins. 
In particular, uroplakins II and IIIa in normal conditions are assembled into het-
erodimers thanks to a series of structural rearrangements regulated by speci fi c “mat-
uration-facilitators.” 

 Since coating facilitates the self-assembly of uroplakins, a coating deterioration 
quite plausibly may disassemble uroplakins, thus compromising the permeability of 
the “umbrella” cell apical portions  [  32,   100  ] .  

   Alterations in Junctional Structures 

 Coating and apical barrier modi fi cations are associated with a progressive new synthe-
sis of ICAM class adhesion molecules, capable of activating  fl ogosis. These  molecules 
do not only induce cell de-adhesion but also interfere with the “information  fl ow” 
reaching the genome from tight junctions. 

 ICAM synthesis (regulated by activated mast cells)  [  101  ]  is directly linked to the 
onset of typical symptoms of cystitis  [  10  ] . 

   Table 4.1    Pro fi le of genes activated during bladder in fl ammation  [  124  ]    

 Up-regulated genes 
 Phosphodiesterase 1C  –
 cAMP-dependent protein kinase  –
 iNOS  –
 Beta-NGF  –
 Proenkephalin B and orphanin  –
 Corticotrophin-releasing factor (CRF) R  –
 Estrogen R  –
 PAI2  –
 Protease inhibitor 17  –
 NFkB p105  –
 c-fos  –
 fos-B  –
 Basic transcription factors  –
 Cytoskeleton and motility proteins  –

 Down-regulated genes 
 HSF2  –
 NF-kappa B p65  –
 ICE  –
 IGF-II and FGF-7  –
 MMP2  –
 MMP14  –
 Presenilin 2  –
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 Adhesion molecules are proteins found in the plasma membrane. Their expres-
sion can be constitutive or induced by appropriate stimuli. During an allergic reac-
tion, they play a fundamental role in recruiting in fl ammatory cells. More speci fi cally, 
they direct migration from blood. ICAM-1 is mostly expressed by the epithelium of 
allergic subjects; it is considered an allergic  fl ogosis marker accounting for the sub-
urothelium lymphocytic in fi ltration, since it is the ligand of LFA-1 and Mac1, inte-
grins expressed by leukocytes.  

   Basal Lamina 

 A change in the molecular composition (decrease of type IV collagen) has been 
identi fi ed; in theory, this can affect the electrostatic stability of the urothelium  [  102  ] .  

   Functional Alterations 

   Proliferation Control 

 Urothelium proliferation stems from a complex synergy between growth factors and 
hormones (estrogens and progesterone)  [  103  ] . More speci fi cally, these latter act through 
two receptors (Er-a and Er-b) regulating the activity of D1 and E cyclins  [  104  ] . 

 In experimental animals, castration modi fi es coating GAGs’ pro fi le with a pro-
nounced decrease of hyaluronic acid; such loss can be offset by an appropriate sup-
plementation with either individual GAGs or a combination of them  [  105  ] . 

   Table 4.2    Conditions determining a urothelial dysfunction   

 (A) Dysfunction induced by “urothelial barrier” alteration 
  a1. Urothelial coating deterioration 
  a2. Modi fi cations of apical permeability in “umbrella cells” 
  a3. Alterations of junctional structures in the basolateral portions 
 (B) Dysfunction due to urothelial activity alterations 
  b1. Proliferation control 
  b2. De fi cient cellular repair mechanisms 
  b3. Modi fi cation of differentiation-maintaining genes 
 (C) Dysfunction induced by exogenous factors 
  c1. Cytotoxic action of urothelium-injuring molecules 
  c2. Activation of  fl ogistic reactions 
  c3. Production of autoantibodies towards molecules associated 

with urothelial physiological functions 
 (D) Conditions determining typical dysfunctional symptoms 
  d1. Increased intracellular potassium  fl ow 
  d2. Altered purinergic transmission 
  d3. Abnormal detrusor regulation 
  d4. Sensory sprouting 
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 A crucial element in the coating deterioration is the drastic reduction of GAG-
binding functional glycoproteins. A less ef fi cient conversion of proHB-EGF into 
HB-EGFs reduces the urothelium proliferation rate and the capacity to bind GAGs 
to coating. This is mostly due to the inhibitory activity of urothelium-impairing 
molecules on pro HB-EGF synthesis through the MAP kinase system inhibition 
 [  106  ] . Finally, peroxisome proliferator-activated receptor (PPAR)’s actual regula-
tory capacity in terms of urothelium gene expression is unclear; PPARs are involved 
in the synthesis of essential urothelial proteins (cytokeratins 13 and 20, claudin 3, 
uroplakins 1 and 2)  [  14  ] .  

   Urothelial Repair Mechanism De fi ciency 

 The urothelium takes care of its own “ordinary maintenance” through multiple 
repair mechanisms controlled by some stress proteins (72 kDa), the synthesis of 
which is induced by the same toxic factors. The activation of such mechanisms 
depends on the execution of one or more apoptosis-related desquamation cycles 
 [  107  ] . Failure to control such mechanisms may progressively lead the urothelium to 
become dysfunctional  [  108  ] .  

   Differentiated State Maintenance 

 The urothelial differentiated state is regulated by a family of genes (Polycomb group 
genes) involved with tissue repair mechanisms. These can act only after removing 
inhibitory histones (H3 lysine 27 trimethylation H3K27me3) thanks to a speci fi c 
demethylase which in turn can be activated by a JMJD3 factor increased expression 
 [  109,   110  ] . 

 Expression of this factor during Bladder Pain Syndrome (BPS) suggests that a 
urothelial dysfunction may be an alternative differentiation state of the urothelium, 
i.e., an epigenetic reprogramming related to the activation of repair processes  [  111  ] . 
It should be noted, however, that in a state of dysfunction the phenotypic expression 
of some differentiation keratin markers (usually expressed by different classes of 
urothelial cells) undergoes certain modi fi cations (7, 8, 14, 17, 18, 20).   

   Exogenous Factors 

   Urothelium-Injuring Molecules 

 A loss of the coating barrier effect can be due to cytotoxic factors in urine, not 
suf fi ciently neutralized  [  112  ] . 

 A marked inhibition of urothelial proliferation can be induced by anti-prolifera-
tive Factor (APF), a 3,000 kDa sialoglycopeptide (frizzled-8-related peptide) pro-
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duced by the urothelium: it can bind to coating and interfere with mitotic triggering 
mechanisms  [  113–  116  ] . 

 APF has one hydrophobic terminus which may interfere with urothelial prolif-
eration mechanisms  [  117  ]  by blocking G2 cells and increasing p53 levels  [  118  ] . 

 This effect occurs at picomolar concentration levels in urothelial cells from inter-
stitial cystitis patients  [  115,   119  ] . 

 APF determines quali-quantitative modi fi cations in the molecular composition 
of coating, as proven by a microarray analysis highlighting a “down regulation” of 
several genes affecting the coating structure and function  [  120  ] . 

 The APF can diminish the coating barrier effect and induce the synthesis of 
speci fi c cytokines inhibiting the production of glycoproteins, GAGs receptors, and 
ligands. Quite plausibly, this inhibition causes their urinary buildup  [  121  ] .  

   Activation of Flogistic Mechanisms 

 APF promotion of NFkB activation in the urothelium and sub-urothelium suggests 
that this could be a pathway to release  fl ogosis mediators    (TNF-alpha, IL-1beta, 
IL-6, and IL-8) (see Table  4.1 )  [  122–  124  ] .  

   Autoantibody Production 

 Although urine of patients with BPS may contain anti-urothelium antibodies (anti-
THP), these do not seem to be the primary cause of the disease [ 125 ].   

   Conditions Determining Symptoms 

   Potassium Flow and Bladder Overactivity 

 The lack of a coating barrier effect and an altered uroplakin system cause a loss of 
impermeability of the apical membrane with an excessive in fl ow of potassium. This 
builds up in the cytoplasm and interferes with urothelial “exo/endocytosis” mecha-
nisms. Once it is spread across the sub-urothelium, potassium depolarizes nerve 
endings inducing bladder overactivity and pain  [  126  ] .  

   Purinergic Transmission 

 When subject to mechanical and/or osmotic stretching, the urothelium increases 
ATP production by approximately tenfold. This ATP “surplus” can either be utilized 
by the urothelium or released outside, where it activates speci fi c purinic receptors in 
the sub-urothelium. 
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 The urothelium expresses four different ATP receptors (A1, A2a, A2b, and A3). 
These are localized mostly in the apical region of “umbrella” cells. A2a, A2b, and 
A3 receptors are localized in the intracellular and/or basolateral regions; they are 
involved in the exo/endocytosis cycle management (see Table  4.2 )  [  127  ] .  

   Detrusor Abnormal Regulation 

 The detrusor is a relatively fast muscle expressing myosin isoforms of smooth mus-
cle cells. Its contractile system, in response to different pathophysiological condi-
tions, exhibits remarkable adaptive properties. Its cells are organized in the form of 
“functional units”; thanks to a thick net of gap-junctions, these cells can synchro-
nize and amplify contractions by modifying calcium intracellular concentration and 
the subsequent phosphorylation of myosin light chains. 

 Their contraction can be modulated by a complex set of signals sent from nerve 
endings (adrenergic and cholinergic) or locally generated by NANC system (nona-
drenergic and noncholinergic); the detrusor receives and processes these signals 
through a series of speci fi c receptors. A key role in activating contraction is played 
by muscarinic M3 and purinergic P2X receptors 1.  

   Sprouting 

 A urothelial dysfunction can be associated to a considerable increase of nerve  fi bers 
in the sub-urothelium. Interestingly, cystolysis induces a massive depletion of medi-
ators and a downsizing of nerve endings; however, these modi fi cations do not affect 
the detrusor  [  128  ] . Since the number of nerve endings, histamine levels, and mast 
cell count are mutually related, their possible interaction during BPS has been 
hypothesized  [  129  ] .   

   Sub-urothelium 

 A partial impairment of the sub-urothelium and vascular network is observed in 
over 70 % of BPS patients. In particular, the elastin component shows marked 
signs of deterioration  [  130  ] . Endothelial cells tend to lose adherence; in the 
newly formed spaces, platelets and polymorphonuclear cells are commonly 
observed. The endothelium exhibits cytoskeleton alterations with a progressive 
increase of “granulations,” suggesting a cell injury, along with an increased 
expression of P substance receptors, causing painful symptoms (Figs.  4.12  and 
 4.13 )  [  131  ] .     
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   The Theoretical Foundations of “Coating Repair” 

 A direct action on the urothelium and sub-urothelium can be achieved through 
instillation therapy, aimed at coating repair and barrier restoration with the help of 
either individual or combined GAGs. The urothelium is provided with its own, 
ef fi cient self-repair system. Following an experimental injury (protamine sulfate, 
   10 mg/ml), “umbrella” cells recover their control of apical permeability within 72 h; 
apical permeability is related to the uroplakin system, whereas a gradual restoration 
of basolateral barriers is completed by day 5. 

 Interestingly, urothelial cells and, more speci fi cally, “umbrella” cells, at the 
end of the process, are smaller in volume and show a decreased trophism; as to the 
urothelium, a reduced thickness and minimal changes in the coating molecular 
composition are observed  [  10  ] . Sound theoretical foundations allow to plan a 

  Fig. 4.12    A proper urothelial function gives rise to “chemical signals” responsible for an accurate 
control of the micturition cycle. The collapse of urothelial barriers induces a dysfunctional state 
with the production of “abnormal chemical signals” altering contraction kinetics with the subse-
quent frequency and urgency symptoms. The involvement of C  fi bers determines the onset of pain. 
From Tajana G. Fisiopatologia clinica e biologia molecolare dell’urotelio. Minerva Urol Nefrol 
2009; 61(3 suppl 1):1–29. Reprinted with permission from Edizioni Minerva Medica       
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therapy aimed at enhancing the urothelium self-repair, through a direct action on 
coating for restoring the urothelial function and the overall activity of the sensory 
web. The coating repair can activate a sequence of events leading to the functional 
restoration of basolateral barriers, a stabilization of the neuro-immune-endocrine 
components of the sub-urothelium, and a signi fi cantly improved clinical picture. 
Based on literature data, Table  4.3  illustrates a possible sequence of mechanisms 
following GAG instillation.  

 First, their administration determines an increased concentration of free GAGs, 
with a more ef fi cient binding to glycoproteins and proteoglycans in the “remnant” 
 [  132  ] . Heparin, pentosan polysulfate, and hyaluronic acid were shown to be able to 
integrate into the structure of injured coatings and block the penetration of labeled 
urea (14C)  [  132,   133  ] . Exogenous GAGs establish a series of secondary interactions 
which can slow down/stop the sequence of coating deterioration processes; the lat-
ter promote the formation (autopoiesis) of complex intercatenary bindings generat-
ing domains that give rise to a rudimentary neo-coating, as visualized through 
atomic force microscopy  [  134  ] . This would allow “umbrella” cells to reactivate the 
exo/endocytosis cycle: through the latter, they recover their selective permeability, 
as proven by a negative PST test and a signi fi cantly improved bladder function 
 [  134–  138  ] . 

 Urothelial cells gradually restore their defense and repair mechanisms  [  139  ]  and 
activate the binding protein synthesis of basolateral junctions  [  140  ] . 

 Hyaluronic acid can neutralize the destabilizing effect of ICAM-1 on the barrier 
structure; it sterically interferes with ICAM-1 ecotaxic action  [  140  ] , exerting a 

  Fig. 4.13    Deterioration of coating and urothelial barriers causes the passage of potentially aller-
genic molecules; these initiate mast cell proliferation and their migration from the sub-urothelium 
to the urothelium. The effects of activation and degranulation are largely related with most BPS 
symptoms. From Tajana G. Fisiopatologia clinica e biologia molecolare dell’urotelio. Minerva 
Urol Nefrol 2009; 61(3 suppl 1):1–29. Reprinted with permission from Edizioni Minerva Medica       
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major anti-in fl ammatory action. In summary, coating restoration seems to allow the 
urothelium to gain back its two fundamental functions (impermeability and disten-
sibility), stimulate urothelial proliferation, and restore molecular mechanisms main-
taining a state of differentiation  [  139  ] . 

 Exogenous GAGs are quickly disseminated in the sub-urothelium where they 
deactivate mast cells by means of various mechanisms  [  141  ] . Hyaluronic acid binds 
to mast cell CD44; in this way, it deeply affects their function by inhibiting the 
release of histamine and the production of pro-in fl ammatory mediators  [  142  ]  with a 
marked inhibition of  fi brosis  [  143  ] . Pentosan polysulfate exerts its pro-urothelium 
(anti fl ogistic) action by interfering with molecules rather than through a direct 
NFkB inhibition  [  144  ] . Normalization of the bladder tone  [  137,   138  ]  and the simul-
taneous effect on sub-urothelium microcirculation are thought to be due to the 
hypotension induced by protamine and heparin–protamine complexes through the 
release of NO (produced via NOS)  [  145  ] . No experimental data are available  [  146  ]  
to explain the disappearance and/or attenuation of pain assessed through visual ana-
logue scale (VAS) and O’Leary–Saint Symptom and Problem Index (OSPI)  [  136  ] . 

 As to GAGs, the hyaluronic acid–chondroitin sulfate combination was shown to 
signi fi cantly reduce pro-in fl ammatory cytokines (interleukin-6)  [  147  ]  in vitro 
(urothelial cell line T24).  

   Conclusions 

 The urothelium is a special, somehow unique, epithelium. Starting from its basic 
functions (impermeability and distensibility), it can generate “signaling molecules” 
which, through the “sensory web,” contribute to the regulation of the urinary func-
tion. The knowledge of its molecular basis is getting increasingly detailed in 

   Table 4.3    Possible sequence of mechanisms induced by GAG instillation   

 Increased share of free GAGs  [  148  ]  
 Interaction and binding with GP, binding function  [  132,   133  ]  
 Interaction and binding with PG  [  132,   133  ]  
 Restoration of primary  fi lter  [  134,   135  ]  
 Recovery of selective apical permeability  [  136  ]  
 Normalization of K  fl ow  [  136–  138  ]  
 Normalization of endo/exocytosis cycle  [  148  ]  
 Restoration of defense mechanisms  [  148  ]  
 Induction of repair mechanisms  [  139  ]  
 Recovery of basolateral barriers  [  140  ]  
 Mast cell deactivation  [  141,   142  ]  
 Inhibition of pre-in fl ammatory processes  [  140  ]  
 Inhibition of  fi brosis  [  143  ]  
 Normalization of bladder tone  [  137  ]  
 Action on sub-urothelial microcirculation  [  145  ]  
 Disappearance of pain  [  136,   146  ]  
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 disclosing its “complex mechanisms”; control of the latter, through a targeted ther-
apy, represents an exciting challenge for basic research as well as for urology. 

 The urothelial dysfunction seems to represent a mandatory pathogenetic path-
way; it can originate diverse clinical conditions, ranging from idiopathic detrusor 
overactivity (IDO) to Stress Urinary Incontinence (SUI) or complex clinical presen-
tations epitomized by IC, although this is not the only one  [  148  ] . 

 Interestingly, some analogies with endothelial dysfunction can be observed. 
 HB-EGF, produced by the urothelium and subsequently sent to myocytes as a 

function of mechanical stretch, is equally synthesized by endothelial cells undergo-
ing shear stress. HB-EGF stimulates the proliferation of the vessel muscle compo-
nent, thus balancing out any  fl ow abnormalities  [  149,   150  ] . 

 During physical exercise, skeletal muscle synthesizes HB-EGF, too. It promotes 
the peripheral utilization of glucose, facilitates the action of insulin, and prevents 
obesity  [  151  ] . These  fi ndings call for a thorough review of the interactions existing 
in several urogenital districts between endothelium and urothelium, and of their 
functional meaning relative to general clinical conditions such as the multimeta-
bolic syndrome. 

 In the future, thanks to the confocal microscopic analysis of urothelium function 
in vivo and to the identi fi cation of molecules controlling barriers and the sensory 
web regulation, research may provide information to single out the “prime mover” 
of urothelial dysfunction. A more widespread use of instillation therapy can be pro-
moted through “engineered GAG” delivery vectors like liposomes  [  152  ]  or nanoe-
mulsions  [  153  ] , an essential support for a gene therapy of urothelial dysfunction.      
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         Introduction 

 The exact etiology of Bladder Pain Syndrome (BPS) is unclear. However, there is 
general agreement that BPS may have a multifactorial etiology that may act pre-
dominantly through one or more pathways resulting in the typical symptom-com-
plex  [  1  ] . Among the proposed theories during the years, the two main theories 
have been those of a defect in bladder cytoprotection and increased mast cells. 
The “leaky epithelium,” mast cell activation, and neurogenic in fl ammation, or 
some combination of these and other factors may result in chronic bladder pain 
and voiding dysfunction. A pathophysiologic role for the mast cells was  fi rst sug-
gested by Simmons and Bunce  [  2  ] . An increased number of activated mast cells 
in the bladder lining are thought to play a role in causing the symptoms of BPS, 
and there is increasing evidence that mast cells play an important role in BPS, at 
least in a subgroup of the patients  [  3–  8  ] . The role of mast cells in BPS is the topic 
for this chapter, and the mast cell, published data on bladder mastocytosis in clini-
cal studies, mast cell mediators in urine, and possible interaction between mast 
cells, bladder neurons, and detrusor muscle cells are reviewed. Furthermore, the 
ESSIC recommendations on the evaluation of mast cells in bladder tissue are 
described.  
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   Mast Cell 

   Mast Cell Function 

 Mast cells have classically been related to allergic responses. However, several recent 
studies indicate that these cells essentially contribute to other common diseases. 
Their constitutive residence at the border of the body and environment, combined 
with their array of diverse mediators, suggests that they are strategically situated to 
innate immune and in fl ammatory responses. In such locations, including the bladder 
wall, mast cells are well placed to function in host defense  [  9  ] . Mast cells participate 
in many biological responses including allergic diseases, host responses to parasites 
and neoplasms, blood vessel formation, acute and chronic in fl ammatory disorders, 
 fi brotic conditions, tissue modeling, and wound healing  [  10  ] . Locally, mast cells may 
in fl uence many of these processes through the production of a broad spectrum of 
multifunctional mediators, especially proin fl ammatory cytokines  [  10–  13  ] . Their 
central role in immunological processes is further re fl ected by the large number of 
mediators by which mast cells may in fl uence other cells. These mediators allow mast 
cells to regulate either local tissue functions or host defense by acting as innate 
immune cells, by interacting with the speci fi c immune system, or by inducing and 
regulating in fl ammation. Since mast cells are located at the border of the body and 
environment, they are perfectly equipped with their mediators to orchestrate the 
immune system. The same feature that enables mast cells to protect the organism can 
run out of control resulting in disease instead of host protection. 

 Mast cells are known to be the primary responders in allergic reactions, orchestrat-
ing strong responses to small antigens. Mast cells are coated with antigen-speci fi c 
IgE, and exposure to speci fi c antigens induces bringing of surface-bound IgE mole-
cules resulting in a rapid release of preformed mediators from granules, as well as the 
release of the de novo synthesized mediators, which all act on distinct effector cells to 
produce the symptoms of allergy and anaphylaxis. The broad spectrum of functions of 
mast cells might explain why mast cells can be involved in so many different patholo-
gies beyond allergy. An increase in mast cells within tissues is observed in many 
pathological conditions including asthma, atherosclerosis, autoimmune diseases, 
atopic dermatitis, in fl ammatory bowel disease, BPS, multiple sclerosis, psoriasis, 
rheumatoid arthritis, sarcoidosis, and tumor growths  [  14,   15  ] . Apart from being prom-
inently involved in immune and in fl ammatory responses, mast cells are critical for the 
tissue integrity and function. This correlates with their presence in nearly all tissues.  

   Mast Cell Origin and Distribution 

 Mast cells originate from stem cells in the bone marrow, enter the circulation, and dif-
ferentiate in the microenvironments of various tissues that are rich in  fi broblasts and 
other mesenchymal elements  [  10  ] . Mast cells are normally distributed throughout 
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connective tissues, where they may be especially numerous beneath the epithelial 
surfaces of the skin, in the respiratory system, in the gastrointestinal and genitourinary 
tracts, adjacent to blood or lymphatic vessels, and near or within peripheral nerves. In 
these places the mast cells are near parasites, antigens, etc. that come in contact with 
the skin or mucosal surfaces. Thus, the mast cells are well placed to function as senti-
nel cells in host defense  [  9  ] . Although mast cells are bone marrow-derived hematopoi-
etic cells, committed mast cell progenitors circulate in small numbers in the blood and 
are thought to migrate to tissues before undergoing the  fi nal stages of maturation, 
including development of mature granules  [  13  ] . However, mature resident mast cells 
have been shown to proliferate locally in some situations  [  16  ] . Mast cell population in 
the tissue is therefore controlled by a combination of recruitment of committed pre-
cursors, maturation of resident precursors, and local proliferation  [  13  ] . Local differen-
tiation and maturation of mast cells are regulated by tissue environmental factors. The 
most important factor for human mast cells is stem cell factor (also known as c-kit 
ligand) which is secreted by  fi broblasts, stromal cells, and endothelial cells. In humans, 
survival and differentiation of tissue mast cells are also enhanced by other cytokines 
such as interleukin (IL)-4, IL-6, and IL-10. The main in vivo mast cell growth factors 
are stem cell factor in combination with cytokines  [  13,   16  ] . In the tissue the mast cells 
have a long half-life of at least 40 days.  

   Mast Cell Heterogeneity 

 Mast cells in different localizations, and even in a single site, can have substantial 
differences in mediator content, sensitivity to agents that induce activation and 
mediator release, and responses to pharmacological agents. Such heterogeneity is 
regulated by many factors, including certain cytokines, which in fl uence the cells’ 
stage of maturation, differentiation, proliferation, and other characteristics. The 
phenotype plasticity of mast cell populations may permit these cells to respond to 
changes in the microenvironment produced by diseases or immunologic responses. 
Based on their different phenotypical and biochemical properties, two basic popula-
tions of mast cells have been identi fi ed—known as MC T  and MC TC —with the MC T  
subtype being more commonly found at mucosal sites and the other, MC TC , more 
commonly in the connective tissue  [  8,   17  ] . These subsets are classi fi ed on the basis 
of the protease content of their granules: whether they contain either tryptase (MC T ) 
or tryptase plus chymase (MC TC ). Connective tissue mast cells are found in the skin, 
peritoneal cavities, serosa, and muscularis propria of the intestine. Muccosal mast 
cells are found primarily in mucosa and in epithelium.  

   Mast Cell Mediators 

 Mast cells store an impressive array of preformed compounds (mediators) in their 
secretory granules, and upon activation mast cells release a broad variety of 
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proin fl ammatory mediators. Mast cells produce three main classes of mediators: 
preformed granule-associated mediators (histamine, serotonin, tryptase, chymase, 
etc.); newly generated lipid mediators (leukotrienes, prostaglandins); and a variety 
of cytokines (interleukins, etc.), chemokines (monocyte chemoattractant proteins, 
RANTES, eotaxin, etc.), growth factors, and free radicals (nitric oxide, superoxide) 
 [  13  ] . Table  5.1  illustrates the main classes of mediators released by mast cells  [  8,   13, 
  18  ] . At present, more than 30 different cytokines have been shown to be produced 
by human mast cells.  

 When mast cells degranulate, mediators are released and these have a profound 
impact on any condition in which mast cell degranulation occurs. These mast cell 
mediators, when released, may contribute to the overall in fl ammatory process and 
to the clinical and pathological  fi ndings in some patients with BPS characterized 
with mast cell involvement of the urinary bladder.  

   Mast Cell Activation 

 Mast cells participate in allergic type 1 hypersentivity reactions where immuno-
globulin E (IgE) attaches to speci fi c surface-binding proteins on mast cells and trig-
gers a cascade of reactions resulting in a degranulation by compound exocytosis 
 [  10,   11  ] . In addition to IgE and antigen, many other substances and non-immuno-
logical stimuli are also capable of triggering mast cell secretion: anaphylatoxins, 
bacteria, chemicals, contrast media (radiology), cytokines, drugs, free radicals, 
growth factors, hormones, kinins, neuropeptides, neurotransmitters, radiation, tox-
ins, and viruses  [  11  ] . Activated preformed mediators within granules can be released 
by two morphological distinct processes: (1) exocytosis by mast cell degranulation 
(rapid and massive release, characteristically occurring during IgE-dependent aller-
gic reactions) and (2) differential mediator release (slow release of mediators in a 
selective fashion).   

   Analysis of Mast Cell in Tissue 

 In the evaluation of patients suspected of having BPS it is important to obtain infor-
mation on mast cell involvement in order to categorize the patients according to the 
ESSIC criteria  [  19  ] . In 2004, ESSIC published recommendations on the primary 
evaluation of the patients suspected of having BPS  [  20  ] . The recommendations 
included how to evaluate biopsies in a standardized way for mast cell involvement. 
In 2008, new recommendations on quantifying mast cells in BPS by immunohis-
tochemical analysis were published by Larsen et al.  [  21  ] . In brief, the recommenda-
tions are the following: 
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   Biopsies 

 During cystoscopy the bladder is distended to full capacity. After draining the blad-
der, bladder biopsies are taken at roughly half full bladder capacity. Biopsy proce-
dures should be performed by using large forceps and include detrusor muscle; 

   Table 5.1    Selection of mast cell mediators produced by human mast cells   

 Preformed (stored) mediators 
 Mediators produced on activation (de novo 
synthesis) 

  Biogenic amines :   Phospholipid metabolites : 
 Histamine  Leukotriene B 

4
  (LTB 

4
 ) 

 Serotonin (5-hydroxy-tryptamine)  Leukotriene C 
4
  (LTC 

4
 ) 

 PGD 
2
 , PGE 

2
  

 Platelet-activating factor (PAF) 

  Enzymes :   Cytokines : 
 Tryptase  IL-1, 3, 4, 5, 6, 8, 9, 10, 12, 13, 14, 16, 18, 25 
 Chymase  MIP-1 a  and MIP-1 b  
 Carboxypeptidase A    
 Peroxidase  Interferon  a ,  b ,  g  
  b -Hexoaminidase  TNF a  (Tumor necrosis factor) 
 Phospholipases  Leptin 
 Matrix metalloproteinases 

  Proteoglycans :   Nitric oxide (NO)  
 Heparin 
 Chondroitin sulfate 

  Chemokines :   Growth factors : 
 Interleukin-8 (IL-8)  Stem cell factor (SCF) 
 MCP-1  Granulocyte monocyte-colony stimulatory factor 

(GM-CSF) 
 MCP-3  Vascular endothelial growth factor (VEGF) 
 MCP-4  Fibroblast growth factor (FGF) 
 RANTES  Nerve growth factor (NGF) 
 Eotaxin  Platelet-derived growth factor (PDGF) 

  Polypeptides : 
 Renin 
 Substance P 
 Corticotropin-releasing hormone (CRH) 
 Urocortin 
 Vasoactive intestinal polypeptide (VIP) 
 Angiogenin 
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alternatively double-punch biopsies or resections of lesions can be used. At least 
three biopsies from the two lateral walls and bladder dome should be taken in addi-
tion to biopsies from lesional areas. The biopsies are to be immediately  fi xed in 
formalin. Biopsies are treated conventionally according to routine procedure at the 
Department of Pathology, and evaluated preferably by a dedicated pathologist.  

   Mast Cell Staining 

 Many studies have been published about the presence of mast cells in BPS. However, 
the value of mast cell count varies widely depending on which methods were used 
to cut, stain, and count the mast cells. Often such details are not provided in the 
published articles, resulting in dif fi culties in comparing studies. Different staining 
procedures have been applied, and they vary greatly in their ability to detect mast 
cells  [  8,   22  ] . Metachromatic staining with toluidine blue or Giemsa are two of the 
previous staining methods, but it is now clear that some types of mast cells  fi xed in 
formalin are not stained by toluidine blue  [  8,   22,   23  ] . In the ESSIC recommenda-
tions  [  20  ] , it was recommended that enzymatic staining with naphtolesterase was 
used for mast cell counting in 10  m m sections. However, it has been demonstrated 
that human mast cells are detected effectively by immunocytochemical staining for 
tryptase, a unique protease found in both types of mast cells, i.e., MC T  and MC TC   [  8, 
  24  ] . Furthermore, tryptase staining is easy with an automatic immunostainer and 
standard 3  m m sections  [  21  ] . In contrast, the enzymatic staining with naphtolesterase 
implies manual procedures, and is therefore both dif fi cult and time consuming. 
Mast cell count based on naphtolesterase and tryptase shows good correlation with 
the clinical score, regardless of section thickness  [  21  ] . Thus, for evaluation of mast 
cells tryptase staining is recommended. The detrusor specimens are  fi xed in forma-
lin, 3  m m sections are cut, and every seventh is mounted on a specimen slide for 
tryptase staining according to routine procedures  [  21  ] .  

   Mast Cell Counting 

 The mast cell counting is performed using a grid containing 25 squares, each square 
measuring 0.21 mm 2   [  20  ] . The counting of mast cells in the detrusor is preferably 
done in 20 squares but at least 7 squares should be counted. If less than seven 
squares with detrusor are represented the biopsy is insuf fi cient. Only mast cells 
containing nucleus are included. At least three biopsies must be the subject of mast 
cell counting and if possible one including a lesional area (Fig.  5.1 ).  

 The total number of mast cells per mm 2  is the total number of mast cells divided 
by the number of squares included in the counting × 0.21  [  20  ] . If biopsies for mast 
cell counting do not contain detrusor muscle new biopsies must be obtained.   
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   The Pathology Report 

 ESSIC recommends  [  20  ]  that pathology report should include information about (1) 
 Epithelium  (not present, present, dysplasia with grading, abnormal but no 
 dysplasia—description); (2)  Propria  (normal, in fl ammation—description with a grading, 
other  fi ndings are described); (3)  Detrusor muscle  (abnormal muscle cells—describe, 
intrafascicular  fi brosis—present/not present, mast cell count—at least three biopsies 
should be included in the counting and the biopsy with the highest number of mast cells 
per mm 2  should be reported); and (4)  Information on detrusor mastocytosis : (a) less than 
20 mast cells/mm 2  = no detrusor mastocytosis; (b) between 20 and 27 = grey zone; and (c) 
27 or more mast cells/mm 2  = detrusor mastocytosis  [  21  ] .  

   Mast Cells and BPS 

 Mast cells have frequently been reported to be associated with BPS, and there is 
increasing evidence that mast cells play a pathophysiological role, at least in a sub-
group of patients with BPS. A number of studies have demonstrated increased num-
ber of mast cells in the bladder of patients with BPS  [  2–  4,   6,   8,   25–  28  ] . Furthermore, 
mast cells have been recovered in the bladder washings from patients with classic 
BPS  [  26  ] . Evidence of their importance is mounting, suggesting that they may serve 

  Fig. 5.1    Mast cell counting in detrusor muscle using a standard grid. From Nordling J, et al. 
Primary evaluation of patients suspected of having interstitial cystitis (IC). Eur Urol. 2004;45:662–
9. Reprinted with permission from Elsevier Ltd       
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as the  fi nal common pathway through which the symptomatic condition is expressed 
in patients with mast cell involvement of the bladder. Mast cells produce, among 
other potent compounds, histamine. Histamine release in tissue causes pain, hyper-
emia, and  fi brosis, all notable features of BPS.  

   Mastocytosis 

 Several studies in humans have shown an increase in mast cell number and activa-
tion in patients with BPS. Simmons and Bunce were the  fi rst to suggest that mast 
cells may play a role in BPS  [  2  ] . Larsen et al. demonstrated a highly signi fi cant 
increase in the number of mast cells within the detrusor muscle bundles in patients 
with BPS as compared to controls  [  4  ] . The mast cells were partially or completely 
degranulated. This mast cell in fi ltration was widespread throughout the detrusor 
muscle and was not con fi ned to the ulcerative lesions seen cystoscopically  [  4  ] . 
Aldenborg and associates reported that mast cells are found predominantly in the 
detrusor muscle in patients with classic BPS with Hunner’s lesion, but there is also 
a secondary population of mast cells in the lamina propria and the bladder epithe-
lium, with staining characteristics distinct from those in the detrusor  [  23  ] . None of 
these epithelial mast cells were found in controls. These  fi ndings were interpreted 
to indicate a transepithelial migration of mast cells in patients with BPS. This epi-
thelial population of mast cells does not appear to be involved in the type of BPS 
without Hunner’s lesion. These epithelial mast cells may also differ from the mast 
cells found in deeper tissues in physiologic responses and release of secretory prod-
ucts. The “mucosal mast cells” are susceptible to aldehyde  fi xation and require spe-
cial  fi xation and staining techniques for proper demonstration, while detrusor mast 
cells are not susceptible to  fi xation techniques  [  23  ] . The mast cell expansion in BPS 
involves both types of mast cells, MC T  and MC TC   [  8,   17,   22  ] . Yamada et al. demon-
strated that MC TC  may be the type of mast cells dominantly present in the bladder of 
BPS, and the MC TC  increase with progression of contracted bladder  [  22  ] . Figure  5.2  
illustrates MC T  and MC TC  in tissue from BPS. Lynes et al. were the  fi rst to suggest 
that mast cells were highly degranulated in both the submucosal and muscle layer 
of the bladder in BPS  [  29  ] . Mast cell activation is far more pronounced in BPS with 
Hunner’s lesion, which in addition displays prominent in fl ammation, in contrast to 
nonulcer BPS, where it is sparse  [  30  ] . Peeker et al. showed that redistribution of 
mast cells into the epithelium and a high mast cell count in the bladder wall distin-
guish classic BPS from nonulcer BPS  [  17  ] . Thus, the basic pathologic processes 
may differ.  

 Johansson and Fall reported that mast cells were increased in both lamina propria 
and detrusor muscle in patients with Hunner’s lesion  [  30  ] . Patients with classical 
disease had mucosal ulceration and hemorrhage, granulation tissue, intense 
in fl ammatory in fi ltrate, elevated mast cell counts, and perineural in fi ltrates. Patients 
with nonulcer disease, despite the same severe symptoms, had a relatively unaltered 
mucosa with a sparse in fl ammatory response, the main feature being multiple, small, 
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mucosal ruptures and suburothelial hemorrhages that were noted in a high proportion 
of the patients. Theoharides et al. demonstrated that mast cells in nonulcer BPS are 
highly activated by ultrastructural criteria  [  31  ] . Furthermore, increased levels of uri-
nary methylhistamine  [  32  ]  and tryptase  [  33  ]  support a role of these mast cells. 

 Feltis et al. proposed the quanti fi cation of mast cells in the detrusor as a useful 
marker in patients with BPS  [  3  ] . Kastrup et al. suggested that a mast cell count >28 
mast cell/mm 2  in the detrusor (detrusor mastocytosis) is diagnostic for BPS  [  27  ] . 
This was supported by Mortensen et al. who showed that high mast cell counts >28 
cells/mm 2  in the detrusor layer of bladder biopsies correlated with clinical outcome 
 [  34  ] . Following the ESSIC recommendations, Wyndaele et al. found a signi fi cant 
correlation between the cystoscopic aspect and in fl ammatory in fi ltration, mast cell 
count in detrusor muscle and stromal edema  [  35  ] . Furthermore, maximal bladder 
capacity was negatively correlated with in fl ammation, mast cell count, hemor-
rhages, and the overall cystoscopic  fi ndings. Mast cells are more consistently 
increased in classic BPS with Hunner’s lesion. However, mast cell density does not 
appear to correlate with the duration of symptom amelioration after complete tran-
suretral resection of Hunner’s lesion, either in the lamina propria or in the urothe-
lium or the detrusor  [  36  ] . However, in another large retrospective study by Richter 
et al., it was shown that detrusor mastocytosis is associated with multiple treatments 
and presumed failure of standard urological therapy in patients with BPS, while 
bladder capacity and glomerulations are not  [  37  ] . 

  Fig. 5.2    Hematoxylin and eosin staining of ( a ) nonulcer BPS and ( b ) classic BPS with Hunners’s 
lesion. ( c ) shows double labeling of intraepithelial and mucosal stromale tryptase-positive, chy-
mase-negative mast cells (MC T ,  blue ) and ( d ) tryptase-positive, chymase-positive mast cells 
(MC TC ,  brown ) in classic BPS. From Peeker R, et al. Recruitment, distribution and phenotypes of 
mast cells in interstitial cystitis. J Urol. 2000;163:1009–15. Reprinted with permission from 
Elsevier Ltd       
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 Because activated mast cells lose their histologically identi fi able granules once 
degranulation occurs, estimates of mast cell density using standard histologic tech-
niques may underestimate mast cell numbers. Varying reports of mast cell numbers 
and activation in the submucosa versus detrusor layers of the bladder in BPS may 
be due to differences in mast cell stains used and methods of tissue  fi xation. 

 The factors responsible for the proliferation and migration of mast cells observed 
in the bladder in BPS are unknown. Human mast cells are known to arise from CD34-
positive progenitors, particularly under the in fl uence of stem cell factor (SCF)  [  38  ] . 
Mast cells enter the tissues and mature in almost all vascularized tissues, where they 
can reside for long periods of time  [  39  ] . The process of maturation of mast cells is 
under microenvironmental in fl uences, by SCF, nerve growth factor (NGF), IL-3, 
IL-4, IL-6, and IL-9  [  11,   40  ] . Other growth factors, chemokines and cytokines, may 
even be involved in this process  [  11  ] . SCF and IL-6 in combination appear to be the 
major growth and differentiation factors for human mast cells  [  40  ] .  

   Ultrastructural Appearance of Mast Cells 

 It has been demonstrated using electron microscopy that fewer than 30 % of the 
granules in mast cells from BPS are homogenous, intact, and electron dense as 
compared to over 70–80 % of mast cells from control patients, indicating mast cell 
activation with granule release of their content in BPS  [  31  ] . The secretory granules 
of bladder mast cells in BPS contain altered contents and appear empty, and mast 
cell secretion in BPS appears to be slow and gradual with differential (possible 
selective) release of secretory mediators, a process shown to involve secretion with-
out exocytosis  [  41  ] . Secretion without degranulation as observed in BPS has been 
termed “piecemeal degranulation” or “intragranular activation”  [  42,   43  ] . Mast cells 
that have totally released their granular contents do not stain with routine histochem-
istry, thus leading to an underestimating of mast cell number unless electronmicros-
copy or measurement of urine mast cell mediators is used concurrently. In an 
ultrastructural study by Horn et al., a varying number of detrusor smooth muscle 
cells (SMC) revealed a characteristic oak leaf pattern with protrusion of the sarco-
lemma  [  44  ] . These alterations may express degenerations of SMC secondary to 
massive exposure to released mast cell mediators. Christmas et al. found that detru-
sor myopathy is associated with bladder hypocompliance, and patients with detru-
sor myopathy appear to have more severe disease and are more likely to progress to 
bladder contracture requiring operation  [  45  ] .  

   Mast Cell–Neuron Interactions 

 It has been proposed that mast cell–neuronal interaction is involved in BPS. 
Neuroimmune interaction involving mast cells in the bladder may explain the sen-



815 Mast Cell and Bladder Pain Syndrome

sory neuronal hyperreactivity and neuropathic pain seen in BPS  [  5  ] . A proliferation 
of sympathetic nerve  fi bers containing neuropeptide Y and calcitonin gene-related 
peptide has been demonstrated in BPS  [  46,   47  ] . Pang et al. demonstrated increased 
substance P-containing nerve  fi bers adjacent to mast cells in the bladder submucosa 
of BPS patients  [  48  ] , and a close anatomic relationship between bladder neurons 
and mast cells has been demonstrated by electron microscopy  [  43  ] . Many patients 
with BPS report that their symptoms are exacerbated by stress  [  49  ] , and stress has 
been shown to activate bladder mast cells  [  50  ] .  

   Estrogen and Mast Cells 

 Many patients with BPS report symptom exacerbation perimenstrually or at the 
time of ovulation  [  8  ] . Bladder mast cells in BPS have increased expression of high-
af fi nity estrogen receptors  [  51  ]  but only few progesterone receptors. In vitro and 
in vivo studies have shown that estradiol augments mast cell histamine secretion 
 [  52,   53  ] . The effect of female sex hormones on mast cells may contribute to the high 
incidence of BPC in women and the worsening of symptoms perimenstrually  [  50  ] .  

   Mast Cell and Detrusor Muscle 

 Traditionally, the human detrusor SMC was thought as a passive player in 
in fl ammation, contracting in response to in fl ammatory mediators. Recent studies 
suggest that SMC may secrete cytokines and chemokines, and express cell adhesion 
molecules that are important in modulating of the in fl ammatory process  [  54–  57  ] . In 
asthma, mast cell mediators can increase proin fl ammatory cytokine release from 
airway SMC, thus interacting directly with in fl ammatory cell in fi ltration and activa-
tion  [  58  ] . This interaction between SMC and mast cells is not only interesting by 
giving the SMC an active role in in fl ammation but may also furthermore offer new 
therapeutic targets in treating this in fl ammatory lung disorder  [  59  ] . 

 Several studies have demonstrated increased number of activated mast cells in 
the detrusor muscle of patients with BPS  [  4,   17,   31,   60  ] . The close relationship of 
mast cells with detrusor muscle cells in BPS is illustrated in Fig.  5.3 . In BPS many 
of these in fi ltrating mast cells show signs of activation. Upon activation the mast 
cells release potent mediators that may interact with the detrusor muscle cells in the 
bladder wall. Bouchelouche and colleges have demonstrated that mast cell media-
tors like histamine and LTD 

4
  induce contraction of human detrusor muscle  [  61  ] . 

Furthermore, it was demonstrated that LTD4 increases human detrusor muscle 
responsiveness to histamine  [  62  ] .  

 The factors responsible for the proliferation and migration of mast cells in the 
detrusor in BPS are unknown. Stem cell factor and cytokines may be involved in 
this process. Like in other organs, the detrusor SMC may be an active player in the 
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in fl ammatory process by producing in fl ammatory mediators. Until recently, the 
capacity of the human detrusor SMC to express and release cytokines during blad-
der in fl ammation was unknown. Bouchelouche et al. demonstrated that human 
detrusor SMC are able to express and secrete several cytokines and growth factors 
including MCP-1, RANTES, eotaxin, IL-8, IL-6, and SCF upon stimulation with 
proin fl ammatory mediators  [  63–  65  ] . Thus, this secretory function of human detru-
sor muscle is likely to in fl uence mast cell number and activation in a potent and 
proin fl ammatory manner, and the detrusor muscle may be an active player in the 
in fl ammatory process seen in patients with BPS and mast cell involvement of the 
bladder.  

   Urine Mast Cell Mediators 

 The most compelling support for mast cell involvement without light microscopic 
evidence of mastocytosis or degranulation is the ability of mast cells to secrete 
mediators, especially biogenic amines and cytokines. Upon activation bladder mast 
cells release histamine and other mediators. 

 In patients with BPS, histamine levels are increased in the bladder wall  [  27  ] , and 
urine histamine is elevated after bladder hydrodistention  [  66  ] . The major histamine 
metabolite 1,4-methylimidazole acetic acid is increased in the urine of patients with 
BPS with detrusor mastocytosis, and methylhistamine is signi fi cantly elevated in 

  Fig. 5.3    Electron microscopic picture of a mast cell between detrusor muscle cells ( M )       
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the urine (24-h urine collection) of patients with nonulcer BPS  [  32,   67  ] . Tryptase, 
the speci fi c human mast cell proteinase enzyme, is also elevated in the urine of 
patients with BPS  [  33  ] . 

 Upon activation mast cells may release IL-6 without concomitant histamine 
release. Studies have demonstrated increased level of IL-6 in urine from BPS 
patients, and IL-6-positive cells are present in the mucosal and detrusor layers of 
their bladders  [  17,   68  ] . High urine IL-6 levels are associated with severe in fl ammation 
in patients who respond to bladder hydrodistention  [  69  ] , and IL-6 is also expressed 
in the urothelium of bladder metaplastic lesions and classic BPS  [  17  ] . 

 The  fi nding of increased urinary levels of leukotriene E4 in patients with BPS 
and detrusor mastocytosis when compared with healthy control subjects  [  70  ]  sug-
gests that cysteinyl-containing leukotrienes are involved in the in fl ammatory reac-
tion observed in the urinary bladder of patients with BPS. 

 Several studies have demonstrated increased urinary excretion of NGF in BPS 
 [  71–  74  ] . NGF is expressed in mast cells, and can activate mast cells to degranulate 
and proliferate. For further details on urinary excretion of mediators in BPS, see 
Chap.   14     on urinary biomarkers in BPS in this book.  

   Conclusion 

 A major theory for BPS is that bladder mast cells are activated, releasing potent 
mast cell mediators. Current evidence from electron microscopy and immunohis-
tochemical staining techniques con fi rms a central role for mast cells in the patho-
genesis and pathophysiology of BPS, at least in a subgroup of the patients. Urine 
levels of several mast cell mediators are elevated in patients with BPS supporting a 
role of mast cells. Identi fi cation of patient with BPS and mast cell involvement of 
the bladder will allow targeted pharmacotherapy with drugs that inhibit mast cell 
activation and mediator release, or inhibit the effect of released mast cell 
mediators.      
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         Introduction 

 Sensation is a perception made by an individual related to a stimulus that occurs in 
the body. Neurologically it runs through sensory labeled nervous pathways. Each 
sensory modality has its own labeled line. Activation of a pathway gives perception 
of that modality and that type of sensation, regardless of which stimulus activated 
the pathway. Which sensory perception results from the activation of a pathway will 
depend on very many different mechanisms such as innervations shared with other 
structures, modulation in sensory pathways, memory and emotion, attention, and 
more. Sensation is by de fi nition always subjective and thus special for every single 
individual. 

 Nociceptive pain, through direct stimulation of nociceptor sites, is different from 
neuropathic pain, which results from a direct lesion of the peripheral or central ner-
vous system. Both can be present in chronic pelvic pain and are discussed in this 
chapter.  
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   Nociceptive Pain 

   Nervous Structures Involved in Sensory/Pain Transmission 

   General Principles 

 Pain innervation is present throughout the whole body. 
 As for all sensation it runs through sensory units with different parts: a primary 

order neuron from receptor/stimulus site to spinal cord or brainstem, a second order 
neuron towards the thalamus, and a third order neuron towards the sensory cortex.  

   Primary Order Neurons 

 Sensors are free nerve endings, activated with tissue damage, in fl ammation, and 
compression. 

 In the urinary bladder of humans and animals, sensory nerves have been identi fi ed 
suburothelially, as well as in the detrusor muscle. Nerve endings that connect to the 
hypogastric nerves are mainly located in the bladder base and urethra, whereas 
those connecting via the pelvic nerves are more evenly distributed through the vis-
cus, but with predominance for the bladder body  [  1  ] . Suburothelially, the nerves run 
into a plexus beneath the epithelial lining, with some terminals located within the 
basal parts of the urothelium  [  2,   3  ] . This location makes them extremely sensitive to 
changes in urine composition, especially if the epithelial barrier is disrupted as 
would be the case in Bladder Pain Syndrome (BPS) following a glycosaminogly-
cans layer de fi ciency or other direct lesion. In addition, a layer of cells with cyto-
logic characteristics of myo fi broblasts has been described immediately beneath the 
epithelial basal lamina in close contact with the afferent nerves  [  4  ] . Myo fi broblasts 
express subtypes 2 and 3 muscarinic receptors  [  5  ]  and purinergic P2X3 and P2Y6 
receptors  [  6  ] . Detrusor myocytes are spontaneously active during bladder  fi lling and 
connect via gap junctions and interstitial cells. The spontaneous contractions gener-
ate afferent activity via Ad and C- fi bers  [  7  ] . How this acts in condition of BPS needs 
to be developed further. 

 Filling cystometry with inhibition of acetylcholine breakdown by an acetylcho-
linesterase inhibitor resulted in increased bladder sensation and decreased cysto-
metric capacity in about 80% of overactive bladder patients. This suggests that 
acetylcholine is released during bladder  fi lling and activates the sensory afferent 
pathway at least under pathologic conditions  [  8  ] . Muscarinic receptors have also 
been found in the human urothelium  [  9  ] . 

 Besides acetylcholine and noradrenaline, a number of nonadrenergic, non- 
cholinergic neurotransmitters are thought to act in the normal neurotransmission in 
the lower urinary tract (LUT) through speci fi c receptors expressed on afferent nerve 
terminals. These include adenosine triphosphate (ATP), which binds to purinocep-
tors; substance P, neurokinin A, and calcitonin gene-related peptide (CGRP), which 
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interact with tachykinin receptors and CGRP receptors, respectively; and prosta-
glandins, which bind to prostanoid receptors. Nitric oxide, vasoactive intestinal 
   peptide (VIP), and enkephalins may modulate afferent neurotransmission. Vanilloid 
receptors are also expressed on afferent nerves of the LUT  [  10–  13  ] . The urothelium 
by producing mediators serves as a mechanosensor, which can control the activity 
in afferent nerves. 

 Recent research has revealed several new data: ATP released from urothelial 
cells can activate afferent nerves and urothelial cells. The activation of the bladder 
afferents induced by intravesical application of ATP would be mediated mainly 
through Capsaicine-insensitive C- fi bers  [  14  ] . 

 Activation of extracellular signal-regulated kinases (ERKs) enzymes is known to 
be involved in the development and/or maintenance of the pain associated with, e.g., 
bladder in fl ammation. This may be important as these enzymes are increasingly 
employed as experimental markers of nociceptive processing  [  15  ] . 

 Cannabinoid receptor 1 (CB1)-immunoreactive nerve  fi bers were signi fi cantly 
increased in the suburothelium of BPS specimens, as compared with controls. CB1-
immunoreactive suburothelial nerve  fi ber density correlated signi fi cantly with pain 
scores suggesting that such increased nerve  fi bers may be related to bladder pain  [  16  ] . 

 An increase in nerve growth factor (NGF) has been found by several groups in 
animal and human studies  [  17–  19  ] . 

 Upregulating of pituitary adenylate cyclase-activating polypeptide (PACAP), 
CGRP, and substance P (SP) in micturition re fl ex pathways after cystitis have been 
suggested to play a role in altered visceral sensation (allodynia) and/or urinary blad-
der hyperre fl exia in BPS  [  20,   21  ] . 

 Increase of the expression and phosphorylation of Trk tyrosine kinase receptor 
may play a role in decreased urinary tract plasticity as shown in CYP-induced    cys-
titis  [  22  ] . 

 A role of NO has been studied recently; results suggest that NO synthase exists 
in the urinary bladder (rat) and clearly demonstrate that  l -arginine, an NO substrate, 
can inhibit both A d  (omega) and C mechanosensitive afferent  fi bers of the bladder. 
In addition,  l -arginine can inhibit the activated responses of both  fi bers to intravesi-
cal acrolein, a metabolite of cyclophosphamide, which causes bladder hypersensi-
tivity  [  23  ] . 

 The hypothesis that plasticity in urothelial purinergic receptors and in both pel-
vic and lumbar splanchnic pathways is linked with the painful bladder symptoms in 
BPS has been suggested  [  24,   25  ] . 

 The nerves involved in sensory information transport are A-delta and C-Fibers. 
A-delta  fi bers are thick, myelinated, with fast conduction and the pain sensation 
related to them is initial, sharp, and localized. C- fi bers are thin, nonmyelinated with 
slow conduction. They relate to diffuse, dull, burning pain. 

 A-delta  fi bers synapse in the spinal cord, mount towards the thalamic ventro-
basal complex involved in sensation of touch and mount towards the somatosensory 
cortex. 

 C- fi bers also synapse in the spinal cord and mount to the thalamic middle nucleus 
and limbic system, regions related to motivation and emotional aspects of pain. 
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 Mucosal afferents consist mostly of unmyelinated  fi bers, with few myelinated 
 fi bers. Closer to the detrusor muscle, the nerves are either myelinated or unmyeli-
nated  [  26  ] . Afferents that respond to both distension and contraction of the bladder 
(i.e., “in series tension receptors”) have been identi fi ed in the pelvic and hypogastric 
nerves of cats and rats  [  27,   28  ] . 

 Pelvic myelinated A-delta  fi bers constitute the afferent limb of the normal micturi-
tion re fl ex  [  29  ] . Myelinated bladder afferents are silent when the urinary bladder is 
empty and during the initial phase of slow  fi lling; this can explain why humans do not 
notice bladder  fi lling until a certain volume has accumulated. However, after exposure 
to intravesical chemical irritants, as in in fl ammatory states, pelvic A-delta  fi bers 
exhibit ongoing activity and show an altered, more sensitive response to mechanical 
stimulation. Myelinated mechanoreceptive  fi bers thus possess chemoreceptive prop-
erties and may signal sensory abnormalities arising from pathologically altered tissue 
 [  30  ] . C- fi bers appear to be functionally more heterogeneous, with differences in spe-
cies. In the cat pelvic nerve, most C- fi bers are mechano-insensitive  [  31  ] . They have no 
ongoing activity and are not excited by bladder distension even at high pressures. The 
role of these “silent” receptors during normal bladder  fi lling is questioned. They may, 
however, become mechanosensitive during in fl ammation, thereby unmasking a new 
afferent pathway. The increased afferent input generated by these afferents may pro-
vide a substrate for the hypersensitivity (urgency and pain at low bladder contents) 
seen in various in fl ammatory bladder diseases  [  32,   33  ] . The few unmyelinated units 
that do show mechanosensitivity do not respond to bladder distension at normal non-
painful pressures, but accurately monitor pressures in the noxious range  [  34  ] . They 
would be the true “nociceptors” and are believed to signal pain  [  11  ] . There is some 
evidence that these units are also sensitive to irritants. In rats, nerve activity of C- fi ber 
afferents that respond only to bladder  fi lling is better correlated to volume than to 
pressure. They appear to be volume receptors, possibly sensitive to stretch of the 
mucosa. In the hypogastric nerve, A-delta and C- fi bers have also been described, both 
responding to bladder distension and contraction. Their responses are essentially the 
same as those of the pelvic nerve afferents. A subpopulation of hypogastric nerve 
afferents appears to be insensitive for bladder  fi lling but sensitive for the chemical 
composition of the bladder content. After exposure to chemical solutions, these 
chemoreceptive  fi bers become mechanosensitive and respond in an irregular bursting 
pattern of discharge at some point during bladder  fi lling. Hypogastric afferents may 
encode nociceptive stimuli differently to normal activity, by a transition from random 
activity to a bursting pattern of discharge when noxious stimuli are present (i.e., inter-
stitial cystitis and other forms of irritative bladder disorders). One can accept that both 
A-delta and C- fi bers in the pelvic and hypogastric nerve may be able to signal noxious 
events, giving rise to abnormal sensations such as urgency and pain.  

   Second Order Neurons 

 Nociceptive information from different pelvic organs is delivered to the dorsal and 
anterolateral spinal cord. In the dorsal horn a network of descending pathways 
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 projecting from cerebral structures either suppress or potentiate the passage of the 
nociceptive messages to the brain. Some of the central structures involved in the 
micturition re fl exes and pain modulation are common, e.g., nucleus raphe mag-
num, nucleus locus coeruleus alpha, periacqueductal gray, etc. Functionally, how-
ever, their effects may be similar or contrasting. The central micturition re fl exes 
and descending control pathways of pain also utilize common transmitters and 
transmitter systems with similar or different effects on micturition and pain, sug-
gesting a certain degree of overlapping between these systems  [  35  ] . Direct neuro-
physiologic evidence has been provided that nociceptive information from the 
urinary bladder to the ventro-basal group of the thalamus ascends via a dorsal mid-
line pathway  [  36  ] . 

 That many changes can occur in the second order neuron pathways has been 
demonstrated in non-BPS models of chronic pain and a correlation with behavior 
could be made  [  37  ] . Chronic cyclophosphamide (CYP)-induced bladder 
in fl ammation can reveal a nociceptive Fos expression pattern in the spinal cord in 
response to a non-noxious bladder stimulus that is partially mediated by capsaicin-
sensitive bladder afferents  [  38  ] . 

 In FIC cats at the level of the spinal cord, astrocytic GFAP immuno-intensity was 
signi fi cantly elevated and there was evidence for co-expression of the primitive 
intermediate  fi lament, nestin, in regions of the S1 cord (super fi cial and deep dorsal 
horn, central canal, and laminae V–VIl) that receive input from pelvic afferents, 
both indicative of a reactive state  [  17  ] .  

   Third Order Neuron and Brain 

 Functional imaging studies have been used to show that brain regions implicated in 
LUT function include the pons (pontine micturition center, PMC), periaqueductal 
gray (PAG), thalamus, insula, anterior cingulate gyrus, and prefrontal cortices. The 
PMC and the PAG are thought to be key in the supraspinal control of continence and 
micturition. Higher centers such as the insula, anterior cingulate gyrus, and prefron-
tal regions are probably involved in the modulation of the control and cognition of 
bladder sensations, and in the case of the insula and anterior cingulate, modulation 
of autonomic function  [  39  ] . In subjects with poor bladder control, sensations and 
brain responses can become exaggerated (with strong sensation) above a certain 
volume threshold. In abnormal (OAB) responses to bladder  fi lling more is at stake 
than bladder hypersensitivity. The nature of the afferent signals or the handling of 
these potentials in the brain is abnormal  [  40  ] . 

 Multiple brain regions are involved in pain perception. The limbic, paralimbic, 
anterior cingulate cortex, insular cortex, prefrontal cortex, and primary and second-
ary somatosensory cortices are all most probably involved. Central handling of pain 
permits distinguishing location and quality of pain through a topographic organiza-
tion in primary somatosensory cortex for nociceptive potentials. Distinction inside 
of the body is done in the somatosensory cortex. Attention to pain and emotion run 
through the anterior cingulate cortex. 
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 To explain features often encountered in patients with chronic pelvic pain, such 
as the presence of multiple pain diagnoses, the frequency of previous abuse, the 
minimal or discordant pathologic changes of the involved organs, the paradoxical 
effectiveness of many treatments, and the recurrent nature of the condition, limbic 
associated pelvic pain is a proposed pathophysiology  [  41  ] . This limbic dysfunction 
is manifest both as an increased sensitivity to pain afferents from pelvic organs and 
as an abnormal efferent innervation of pelvic musculature, both visceral and somatic. 
The pelvic musculature undergoes tonic contraction as a result of limbic efferent 
stimulation, which produces the minimal changes found on pathological examina-
tion, and generates a further sensation of pain. The pain afferents from these pelvic 
organs then follow the medial pain pathway back to the sensitized, hypervigilant 
limbic system. A cycle installs itself where chronic stimulation of the limbic system 
by pelvic pain afferents again produces an efferent contraction of the pelvic mus-
cles. Disruption of the cycle can be tried through blocking afferent signals from 
pelvic organs (anesthesia or muscle manipulation) and/or with psychiatric medica-
tion. To prevent recurrence, medical or cognitive treatment targeting the underlying 
limbic hypervigilance is mandatory. 

 Clinical observation of hypersensitivity to visceral stimuli in BPS has been stud-
ied with potentiating of the eye blink startle re fl ex under threat which is mediated 
by output from the amygdala complex and represents a noninvasive marker of 
responsiveness in this brain circuit  [  42  ] . Compared to controls, female patients with 
BPS showed increased activation of a defensive emotional circuit in the context of 
a threat of abdominal pain. This supports the hypothesis that the observed abnor-
mality may be involved in the enhanced perception of bladder signals associated 
with BPS. 

 Also the positive cotton-tip test for allodynia is now interpreted as evidence of 
neuroplasticity as a consequence of severe and repeating pain  [  43  ] .   

   Central Interpretation of Sensory Potentials 

 When a sensory stimulus arrives in the perception areas of the brain the interpreta-
tion and translating of the stimulus into a sensation are done through different cod-
ing mechanisms:

    • Coding for stimulus type : Relates to the receptor triggered and/or the interpreta-
tion by the brain of a combination of potentials if they derive from stimuli for 
which no speci fi c receptor exists.  
   • Coding for stimulus intensity which depends on the  number of receptors acti-
vated and the frequency of action potentials.  
   • Coding for stimulus location.     

 Abdominal viscera are relatively insensitive for mechanical stimuli. But strong 
distension and spasmodic contractions can produce pain, especially if they involve 
ischemia. Direct trauma as with cutting, coagulating, and strong electrical  stimulation 
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can be perceived as painful. Visceral pain is special that it is often experienced as 
referred pain, referred to the body surface, because the used second order neurons 
receive also somatic afferents from super fi cial regions. Distinguishing between vis-
ceral and cutaneous pain is not always easy. 

 Mainly two types of pain have been described in the bladder  [  44  ] : one is a sharp 
pain, localized in the perineal region or suprapubically, which may be due to 
in fl ammation of the bladder, but which can also be felt in conditions causing sacral 
nerve irritation; second is a painful pressure in the lower abdomen, which may 
increase during bladder contraction and which can be felt in cases of outlet obstruc-
tion and bladder over fi lling. Although visceral pain and somatic pain have much in 
common, they also have important differences  [  45  ] . Visceral pain from the bladder 
can be elicited at various bladder volumes. Pain occurs at high pressures produced 
by distension, contractions, or combination of the two. Overdistension of the blad-
der is painful. Bladder contractions can be painful but not during normal voiding, 
because the afferent  fi ring due to the motor activity and initiated by the central ner-
vous system (CNS) is recognized as such by the CNS. 

 Wesselman  [  46  ]  describes three characteristic clinical features of visceral pain: 
true visceral pain, referred visceral pain, and hyperalgesia associated with visceral 
pain. Hyperalgesia can present as hyperalgesia at the site of the viscus, at somatic 
structures, or in other pelvic structures with partially overlapping afferent 
innervation.  

   Neuronal Plasticity 

 Bladder afferents show plasticity; the total number of active primary afferents is not 
static but critically depends on the state of the tissue. This may account for the 
changes in bladder sensation as in BPS. Hyperexcitability of C- fi ber afferent path-
ways which are silent in the normal state during bladder  fi lling has been already 
mentioned above as mechanism for bladder pain and urgency  [  34  ] . This hypothesis 
is supported by the  fi ndings that intravesical capsaicin and resiniferatoxin, which 
selectively suppress C- fi ber activity, can improve these symptoms  [  47,   48  ] . 
Antimuscarinic drugs have been shown to lower afferent activity in a rat model 
 [  49–  51  ] . Therefore, it is not surprising that in patients with interstitial cystitis, intra-
vesical oxybutynin, e.g., may sometimes be bene fi cial. Animal experiments have 
shown neural upregulation of proteinase-activated receptors, tryptase, beta-nerve 
growth factor, inducible nitric oxide synthase, nuclear transcription factor-kappaB, 
c-Fos, phosphodiesterase 1C, cyclic adenosine monophosphate (cAMP)-dependent 
protein kinase, and proenkephalin B with noxious stimuli. After the noxious stimu-
lus has abated, downregulation of genes seems to follow  [  52  ] . 

 Peeker et al.  [  53  ]  found increased density and number of nerve  fi bers immunore-
active for tyrosine hydroxylase in interstitial cystitis cases compared to controls. 
Furthermore, there was a difference between classic (ESSIC type 3) and nonulcer 
(ESSIC type 1 and 2) disease in the overall density of nerves using the antibody 
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mixture, indicating an altered peripheral sympathetic innervation in interstitial cys-
titis cases. The difference in nerve density observed after incubation with the anti-
body mixture between classic and nonulcer BPS supports the hypothesis that the 
two forms represent separate entities.  

   Mast Cells and Nerves 

 Mast cell (MC) proliferation has been documented repeatedly in BPS patients. In addi-
tion, bladder MCs were shown to be more responsive to a number of secretagogues, 
such as IgE-antigen, SP, and acetylcholine. Biopsies taken from diseased bladders of 
BPS patients demonstrated explicit proliferation of neuronal processes, a numerical 
increase in  fi bers containing neuropeptide Y and CGRP, and increased anatomic inter-
connections between SP nerve  fi bers and MCs in the submucosa. It is hypothesized that 
damaged urothelial cells, as documented for epithelial cells, produce cytokines, such as 
stem cell factor and IL-3, and thus lead to MC proliferation  [  54  ] .  

   Neurogenic In fl ammation 

 Neurogenic in fl ammation is in fl ammation arising from the local release from affer-
ent neurons of in fl ammatory mediators such as Substance P, VGRP Neurokinin A, 
neurokinin B, and CGRP. In a subgroup of patients with CPPS, chronic pain could 
be related to neurogenic in fl ammation  [  46  ] . Axon re fl exes but also dorsal root 
re fl exes may play a role  [  55  ] . While neurogenic in fl ammation is not by de fi nition 
negative but more an adaptive response helping for local defense, it can in other 
instances be negative. Its role in several conditions as asthma, arthritis, migraine, 
and BPS has been highlighted  [  56,   57  ] . In visceral pain conditions neurogenic 
in fl ammation appears also to be important in referred pain  [  58  ]  and one can thesize 
the role in BPS, vulvodynia, and prostatitis    IIIb. It has been shown in an animal 
study on uterine pain in the rat  [  59  ] . It might be involved in the edema and trophic 
changes in the skin, subcutaneous tissue, and muscle reported in the referred zones 
in chronic visceral pain  [  60  ] .  

   Pelvic Organs Cross Talk 

 The different pelvic functions are done in a coordinated way through complex inte-
grative pathways that may converge peripherally and/or centrally. If pathology 
occurs, irritative, infectious, or traumatic, the shared afferent pathways may pro-
duce generalized pelvic sensitization or cross-sensitization to both chemical and 
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mechanical stimuli, dependent on both intact bladder sensory innervation and 
 neuropeptide content as shown bidirectionally for the bladder and bowel in animal 
models  [  61  ] . 

 Pelvic pain associated with menstruation, i.e., dysmenorrhea, often co-occurs 
with other chronic painful conditions such as BPS and irritable bowel syndrome, 
demonstrating that pathophysiology in one organ can in fl uence physiology and 
responses to pathophysiology in other organs: Bladder in fl ammation reduces the 
rate of uterine contractions and the effects of drugs on the uterus; colon in fl ammation 
produces signs of in fl ammation in the otherwise healthy bladder and uterus; a surgi-
cal model of endometriosis produces vaginal hyperalgesia, exacerbates pain behav-
iors induced by a ureteral stone, and reduces volume voiding thresholds in the 
bladder  [  62  ] .  

   Conclusion 

 There are many aspects on nociceptive pain in BPS showing a wide involvement of 
neurophysiological mechanisms which also express a large plasticity and is associ-
ated with processes of sensitization. Further knowledge will show the way to better 
understand what goes on and will probably permit to gain improvement in diagnosis 
and treatment.   

   Neuropathic Pain with Special Attention to Pudendal Neuralgia 

 Pudendal neuralgia or Pudendal nerve entrapment is a painful neuropathic condition 
that involves the Pudendal nerve: for that reason it is classi fi ed among the peripheral 
neuropathy. The term Pudendal neuralgia has been used in the literature for a variety 
of neuropathic and non-neuropathic pelvic pain symptoms: burning, tingling, or 
heaviness in the perineum, rectum, or bladder, usually lasting for several years. 
Differential diagnosis requires a thorough investigation of urogynecological, andro-
logical, colon-proctological, or neurological conditions due to the nonspeci fi c clini-
cal  fi ndings. 

 Peripheral neuropathy relates to a disorder of peripheral nerves: any part can be 
affected, but damage to axons is most common. It can be associated with poor nutri-
tion, a number of diseases, and pressure or trauma. It can be caused by disease, 
nerve compression, entrapment, laceration, in fl ammation, or exposure to    toxins. 
However a neuropathy can also be the result of radiculopathy, originating from 
nerve roots that exit the spinal canal through the neural foramen: degeneration of 
vertebral bone, herniation of the pulpy disc between vertebrae, narrowing of the 
spinal column (spinal stenosis), or trauma can compress or cut nerve roots and cause 
neuropathy. 
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 Sign and symptoms of peripheral neuropathy depend on the type of nerve affected 
(e.g., motor, sensory, autonomic) and where the nerve is located in the body:

    1.    Motor nerve damage can produce muscle weakness, cramps, and spasms.  
    2.    Sensory nerve damage can produce tingling, numbness, and pain.  
    3.    Autonomic nerve damage can produce bladder, bowel, and sexual dysfunction, 

abnormal blood pressure and heart rate, and reduced ability to perspire.     

 Neuropathic pain associated with sensory nerve damage is variously described as 
burning, shooting, stabbing, freezing, or electric-like, extreme sensitivity to touch: 
the distribution of pain will be along the course of a particular peripheral nerve. 

 The hallmarks of neuropathic pain are the following:

    1.    Chronic allodynia: Pain resulting from a stimulus that ordinarily does not elicit a 
painful response (e.g., light touch).  

    2.    Hyperalgesia: An increased sensitivity to a normally painful stimuli: Primary 
hyperalgesia, caused by sensitization of C- fi bers, occurs immediately within the 
area of the injury; secondary hyperalgesia, caused by sensitization of dorsal horn 
neurons, occurs in the undamaged area surrounding the injury.     

   Anatomical-Physiologic Background 

 The Pudendal nerve innervates the pelvic  fl oor muscles, the sphincter, and the pel-
vic organs; the nerve roots S2–S4 mainly supply it. The ventral and dorsal lumbar 
and sacral nerve roots exit laterally through the nerve root foramina to form the 
lumbar and sacral plexuses that provide motor and sensory innervations of the blad-
der, bowel, and sexual organs. 
 The efferent parasympathetic out fl ow (via the pelvic nerves S2–S4) synapses on 
postganglionic neurons in the pelvic plexus or in ganglia of the bladder wall provide 
the major input to the bladder and an inhibitory input to the urethra. The parasym-
pathetic afferents have their cell bodies in the S2–S4 dorsal root ganglia before 
entering the dorsal horn. Sympathetic supply to the pelvic organs (T10–L1) pro-
vides excitatory input to the bladder neck and urethra and inhibitory input to the 
bladder smooth muscle. The sympathetic afferents are in the T11–L2 dorsal root 
ganglia. The Pudendal Nerve provides the efferent somatic pathways. The Pudendal 
nerve derives its  fi bers from the ventral branches of the second, third, and fourth 
sacral nerves. It passes between the Piriformis and Coccygeus muscles and leaves 
the pelvis through the lower part of the greater sciatic foramen. It then crosses the 
spine of the ischium, and reenters the pelvis through the lesser sciatic foramen. It 
accompanies the internal pudendal vessels upward and forward along the lateral 
wall of the ischiorectal fossa, being contained in a sheath of the obturator fascia, 
termed Alcock’s canal, and divides into two terminal branches: the perineal nerve 
and the dorsal nerve of the penis or clitoris. Before its division, it gives off the infe-
rior rectal nerve. 
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 The pudendal nerve supplies the motor innervation to the urethral sphincter 
(rhabdosphincter) and pelvic  fl oor muscle; the anterior horn cells lie in the ventral 
horn of sacral segments S2–S4 (Onuf’s nucleus). It carries sensory  fi bers from the 
penis, urethra, anus, and pelvic  fl oor muscles (Fig.  6.1 ).   

   Etiology and Pathophysiology of Pudendal Neuralgia 

 Direct trauma of the pudendal nerve is uncommon due to its deep position between 
muscles; however it can be damaged during urological, gynecological, colorectal 
surgery, or lumbosacral neurosurgery. 

 A recent case series was presented of 32 patients who underwent a Stapled 
Transanal Rectal Resection (STARR) for rectal prolapse, who developed chronic 
pelvic pain due to Pudendal neuropathy  [  63  ] . Sacral fractures and pelvic injuries 
can also result in a direct damage of the nerve  [  64  ] . 

 The structural and biomechanical properties of pudendal nerve may be modi fi ed 
as the nerve responds to the physical stresses placed upon it through extrinsic move-
ments and postures  [  65  ] : as in the case of abnormal contraction of pelvi-trochanter 
muscles, in particular when the external rotators such as the obturator internus, 
which forms the Pudendal canal, are over-recruited, causing a damage of the nerve 
 [  66  ] . Even repetitive micro-traumatisms  [  67  ]  might cause compressions in the 
pudendal canal. This canal contains the pudendal nerve and vessels and can act as a 
“pulley” for the neurovascular bundle; in particular situations the pulley action may 
be disrupted by disorders or defection of the obturator internus muscle leading to an 
entrapment syndrome  [  68,   69  ] . 

  Fig. 6.1    Pudendal nerve 
anatomic schema.  Origin:  It is 
a major branch of the sacral 
plexus (S2S3S4).  Pathway:  It 
travels through the gluteal 
region, the Pudendal canal, and 
the perineum.  Fibers and 
function:  It is a mixed nerve 
with motor  fi bers (external anal 
and urethral sphincter, levator 
ani, bulbo and 
ischiocavernosus, deep and 
super fi cial perineal muscle), 
sensory  fi bers (perineal, genital 
area), and autonomic  fi bers 
(erection, bladder 
proprioception)       
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 Pudendal neuropathy due to compression within the Alcock’s canal has been 
previously described in cyclists  [  70  ]  with major complaint of transient paresthesia 
in the perineum and penis due to Pudendal nerve neuropraxia  [  71  ] . Few cases of 
entrapment syndrome, revealed by transient hypoestesia or impotence, following 
traction of the lower limb after orthopedic surgery have been reported  [  72–  74  ] . 
Stretch mechanism on the pudendal nerve  [  75,   76  ]  or on a sacral root (e.g., protru-
sion or herniated LS disc  [  77  ] ) is advocated as mechanism of indirect damage that 
leads to compression of the nerve. 

 The level of the pudendal nerve damage, its severity, and the type of  fi bers 
involved are re fl ected in the symptoms experienced by the individuals, which range 
from rectal pain, anal “leakage,” perineal pain/numbness, genital pain/numbness, 
frequency, urgency to incontinence, dif fi cult voiding to urinary retention, erectile 
dysfunction, ejaculatory dysfunction, or even loss of orgasmic sensation. Pelvic–
perineal entrapment syndromes are therefore even more disabling than other entrap-
ment syndromes, since numbness and pain in the area of nerve distribution are 
associated to urological and/or sexual dysfunction. The pain tends to be positional, 
relieved by standing or lying down, and provoked by sitting. 

 Goodson  [  78  ]   fi rst described the compression of pudendal nerve within its canal 
as a cause of pudendal neuralgia; Amarenco  [  79  ]  used the term “Alcock’s canal 
syndrome” and described perineal palsy secondary to prolonged compression of the 
pudendal nerve and repeated micro-traumatisms. 

 Nerve damage secondary to entrapment mechanism leads to pathophysiological 
alteration in nerve function. The chronic alteration is responsible for a neuroma to 
form allowing for somatosensory afferents to generate signals initiating a sensation 
of neuralgia. Change in the ef fi cient conduction of impulses and reduction in the 
stability of the nerve membrane, as consequences of abnormal generation of 
impulses, are responsible for abnormal sensation such as paresthesias, numbness, 
some neuropathic pains, and abnormal muscular contractions.  

   Electrodiagnosis of Pudendal Neuropathy 

 Neurophysiological tests, in accordance with the International Continence Society 
“uro-neurophysiological” standards, represent the required integration to morpho-
logical and functional assessment in chronic pelvic pain and other sacral area dys-
function, when a neuropathy is suspected. By means of application of 
neurophysiological tests identifying site, type, and degree of neurogenic lesion, the 
diagnosis of neurogenic alteration is allowed. A thorough evaluation of pelvic  fl oor 
is normally performed in patients with complaint of sacral area: exploration of 
Motor Units via pelvic  fl oor Electromyography, conduction study of terminal 
branches of Pudendal nerve by means of terminal motor latency, somatosensory 
evoked potentials of Pudendal nerve which explore afferent pathway, and motor 
evoked potential of External Anal Sphincter for efferent pathway, sacral re fl exes, 
and sympathetic skin response complete the diagnostic protocol. The picture  resulting 
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from the diagnostic evaluation de fi nes the functional residual potential, which 
 constitutes the basis to address to a proper therapeutic-rehabilitative program.   

   Conclusion 

 Pudendal neuralgia can be suspected based on history and symptoms and needs to 
be con fi rmed by multidisciplinary assessment, but requires electrodiagnosis to clar-
ify the pathophysiology of the neural lesion.      
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 Early investigators of interstitial cystitis/painful bladder syndrome/bladder pain 
syndrome (which we will refer to as bladder pain syndrome or BPS in this chapter) 
rarely commented upon the presence of other syndromes or diseases in their patients. 
When they did, the signi fi cance of the report was unclear. For instance, in the  fi rst 
description of the characteristic ulcer that was to bear his name, Hunner in 1915 
noted patients with “rheumatism” and headaches  [  1  ] . He presented no context in 
which to understand this observation, so it was unclear whether these disorders were 
more common in BPS patients than in those who did not have BPS. In other words, 
Hunner’s study lacked proper controls, i.e., individuals who were otherwise similar 
but did not have BPS. 

 For most of the rest of the twentieth century, BPS was pursued as a disease of the 
urinary bladder and little substantive work was done in seeking associations with 
other diseases or syndromes (herein termed non-bladder syndromes, NBSs). 
However, the epochal de fi nition of interstitial cystitis by the National Institute of 
Diabetes, Digestive and Kidney Diseases (NIDDK) in 1987 and 1988  [  2  ]  spurred 
research in BPS, increasingly including forays outside the bladder. Work seeking 
associations of BPS with NBSs occurred in the usual sequence seen in medical 
research, i.e., clinical observations followed by controlled studies. This chapter 
brie fl y surveys these investigations, critically evaluates selected reports, and dis-
cusses the implications of associations with other syndromes in revealing the patho-
genesis of BPS. 
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   Clinical Observations 

   Studies of Patients with Other Syndromes 

 Some of the early reports actually came from investigations of patients who had 
other syndromes. In 1989, Maxton et al. reported that of 100 irritable bowel syn-
drome (IBS) patients queried for non-intestinal symptoms, 56% noted “urinary 
problems”  [  3  ] . Subsequently, other investigators reported what seemed to be high 
rates of BPS or relevant urinary symptoms in patients with  fi bromyalgia (FM)  [  4,   5  ] , 
chronic fatigue syndrome (CFS)  [  5  ] , temperomandibular disorder (TMD)  [  5  ] , and 
chronic pelvic pain (CPP)  [  6  ] .  

   Studies of BPS Patients 

 Not long after publication of the NIDDK de fi nition, clinical investigators of BPS 
began reporting the presence in their patients of syndromes with symptoms outside 
the bladder. Van de Merwe in 1993 reported a case series of ten consecutive BPS 
patients from the Netherlands in which a careful search revealed what appeared to 
be a high prevalence of Sjögren’s syndrome  [  7  ] . This study was eventually extended 
to 110 BPS patients: 7% met the criteria for Sjögren’s syndrome and an additional 
19% for Sjögren’s-like syndrome  [  8  ] . 

 The Interstitial Cystitis Data Base was an American multicenter study from 
which Simon et al. reported that 424 BPS patients had what seemed to be high 
prevalences of IBS, allergies,  fi bromyalgia, migraine, and systemic lupus erythema-
tosus (SLE)  [  9  ] . A postal survey of 736 BPS patients who were members of a United 
Kingdom patient support group revealed apparently high rates of IBS, various aller-
gies, arthritis, migraines, sinusitis, and vulvodynia  [  10  ] . Additionally, case series 
reported seemingly high prevalences in BPS patients of IBS, allergies, FM, vulvo-
dynia, rheumatoid arthritis, and in fl ammatory bowel disease  [  11,   12  ] . 

 In the preceding paragraphs, prevalence of NBSs has been modi fi ed by phrases 
like “seemed to be high” and “apparently high” because of the absence of controls 
in those studies. Researchers in two investigations in the early 1990s attempted to 
correct this problem. Koziol compared 565 BPS patients in California to 171 con-
trols; the latter were described as either healthy volunteers or other types of urology 
patients  [  13  ] . Signi fi cantly more BPS patients than these controls reported the pres-
ence of IBS, various allergies, arthritis, and sinusitis. However, the controls were 
quite dissimilar from the cases in other ways: they were younger and, most 
signi fi cantly, only 60% were women compared to 88% of cases. Several of the puta-
tively associated syndromes are known to be more common in women; thus, the 
relevance of the higher rates in BPS cases was uncertain. 

 A frequently cited study is a survey of 1,205 members of an American patient 
support group, the Interstitial Cystitis Association, in which Alagiri et al. compared 
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self-report of 12 syndromes to prevalence reported in the general population  [  14  ] . 
Higher proportions of BPS patients claimed IBS, allergies, “sensitive skin,” vulvo-
dynia, FM, CFS, asthma, colitis/Crohn’s disease, and SLE. The prevalences of 
migraine, endometriosis, and incontinence did not appear to differ from those in the 
general population. Problems with this type of comparison are many and include 
different population characteristics and investigators, and possibility different 
de fi nitions of syndromes. 

 Indeed, each of these studies had a number of limitations, prominent ones being 
uncertain diagnostic criteria, lack of correction for age, sex, and other potentially 
confounding variables, and of course absent or inadequate controls. However, these 
studies were important because they generated the hypotheses that certain NBSs are 
associated with BPS.   

   Controlled Studies 

 These hypotheses were tested in two groups of controlled studies. Again, among the 
 fi rst were from the perspective of patients with other syndromes. Soon thereafter 
investigators compared the prevalence of NBSs in BPS patients and controls. 

   Studies of Patients with Other Syndromes 

 Investigators constructed controlled studies to assess the association of BPS (or of 
urinary symptoms) with syndromes not de fi ned by bladder function. Several stud-
ies were of IBS patients. In 1986, Whorwell et al. compared 100 consecutive 
British IBS patients to controls matched on age, sex, and social class  [  15  ] . The IBS 
cases were signi fi cantly more likely to report each of urinary frequency, urgency, 
nocturia, hesitancy, and incomplete emptying of the bladder. Svedberg et al. later 
studied twins discordant for IBS and found “recurrent urinary tract problems” to be 
associated with IBS  [  16  ] . Whitehead et al. performed a retrospective comparison 
of non-gastrointestinal diagnoses in several thousand IBS patients and controls 
matched for age and sex: among the highest ORs for IBS were cystitis, urethritis, 
and prostatitis  [  17  ] . 

 Twin studies of other NBSs have been informative. One demonstrated that CFS 
cases had a higher prevalence of physician-diagnosed BPS  [  18  ] . Another demon-
strated that twins with FM (“chronic widespread pain”) were more likely than those 
without to have “urinary tract problems”  [  19  ] . 

 In two studies from Finland, Sjögren’s patients and controls were compared for 
urinary symptoms or BPS. In a case series from a single hospital, more patients with 
Sjögren’s (or SLE) reported “severe” urinary symptoms than did controls (14%, 
9%, and 7%,    respectively)  [  20  ] . Female members of a patient support group with 
self-reported physician-diagnosed Sjögren’s syndrome ( N  = 870) were compared to 
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a population-based control group of women ( N  = 1,304) for BPS as diagnosed by the 
O’Leary–Sant scale. Adjusted for age, signi fi cantly more Sjögren’s cases than con-
trols had possible or probable BPS (14% vs. 2%)  [  21  ] .  

   Studies of BPS Patients 

 Some of the  fi rst studies that compared BPS patients to controls examined the prev-
alence of single NBSs. The  fi rst was of FM by Clauw et al. in 1997 who reported 
that muscle pain, muscle spasms, morning stiffness, and swollen joints were 
signi fi cantly more common in 30 female BPS patients than 30 female controls  [  22  ] . 
Novi et al.  [  23  ]  and Kennedy et al.  [  24  ]  reported that gynecology patients with BPS 
were signi fi cantly more likely to have IBS than gynecology patients without BPS. 

 In the  fi rst decade of the twenty- fi rst century, four investigations compared BPS 
patients to controls on  multiple  syndromes. Wu and colleagues in 2006 were the  fi rst 
to report their  fi ndings  [  25  ] . From a medical care database, they identi fi ed 749 cases 
with the International Classi fi cation of Disease (ICD) diagnosis of interstitial cysti-
tis. They compared them to 1,498 controls, 2 for each case, randomly selected and 
matched on age, gender, residential region, and employee status. Signi fi cantly more 
cases than controls had each of IBS, FM, CPP, endometriosis, vulvodynia, depres-
sion, and anxiety (Table  7.1 ).  

 In a similar study in a health maintenance organization, Clemens et al. in 2008 
identi fi ed 239 women with ICD-coded BPS and compared them to 717 women 
(1 case: 3 controls) matched on gender, age, and duration of membership  [  26  ] . Cases 
were compared to controls on apparently all ICD codes. Cases signi fi cantly exceeded 
controls in gastrointestinal symptoms, gynecologic pain and other symptoms, head-
ache, myalgias, unspeci fi ed back disorders, depression, and anxiety. These authors 
speci fi cally noted that they found no associations of BPS with in fl ammatory bowel 
disease, lupus, sinusitis, or rheumatoid arthritis. The authors of these two studies 
pointed out their limitations: dependence upon ICD coding, lack of con fi rmation of 
diagnoses, retrospective nature of the study, etc. 

 In a study more thoroughly discussed in the following section, Warren et al. in 
2009 demonstrated that signi fi cantly more cases than matched controls had these 11 
syndromes  before  BPS: FM, CFS, IBS, sicca syndrome (dry eyes and dry mouth in 
the absence of new medication), CPP, migraine, allergies, asthma, depression, panic 
disorder, and vulvodynia (see Table  7.1 )  [  27  ] . 

 In an international study from nine medical centers in the United States, Canada, 
Denmark, and India, Nickel et al. in 2010 compared 207 female BPS cases with 117 
age- and gender-matched controls on the prevalence of IBS, FM, CFS, vulvodynia, 
migraine and tension headaches, TMD, and low back pain (see Table  7.1 )  [  28  ] . 
There was a striking difference in the prevalence of IBS between cases and controls 
(38.6% vs. 5.2%, respectively) and FM (17.7% vs. 2.6%) with a less impressive but 
still statistically signi fi cant increased prevalence of CFS in cases compared to con-
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trols (9.5% vs. 1.7%). Of the other conditions examined, the greatest difference 
between cases and controls was observed for vulvodynia (17% vs. 0.9%). All the 
other potentially associated medical conditions, including migraine and tension 
headaches, TMD, and low back pain, showed signi fi cantly higher prevalence in 
cases than controls. These associations were further veri fi ed using disease-speci fi c 
questionnaires for IBS, FM, and CFS. Additionally, an earlier publication examin-
ing this database noted that BPS patients compared to controls reported signi fi cantly 
more depression and anxiety  [  29  ] .   

   Summary 

 Controlled investigations of BPS cases have con fi rmed associations of certain NBSs 
and refuted others. The following syndromes have been shown by one or more con-
trolled studies to be associated with BPS: FM, CFS, IBS, sicca syndrome, CPP, 
migraine, allergies, asthma, depression, anxiety, TMD, low back pain, and  vulvodynia. 

   Table 7.1    Proportions of BPS cases and controls with non-bladder syndromes (%)   

 Before/after BPS onset  Before  After 

 Authors  Warren  [  27  ]   Wu  [  25  ]   Nickel  [  28  ]  
 Publication date  2009  2008  2010 

 Type participant  Case  Control  OR  Case  Control  Case  Control 
 Number  313  313  749  1,498  205  117 
  Non-bladder syndromes  
 Chronic pelvic pain  36  11  4.5  22  4  ND  ND 
 Irritable bowel  27  11  2.9  7  1  39  5 
 Fibromyalgia  22  10  2.7  9  3  18  3 
 Chronic fatigue  20  9  2.5  ND  ND  10  2 
 Depression  42  24  2.3  7  2  ND a   ND a  
 Anxiety  29 b   16 b   2.2  5  1  ND a   ND a  
 Migraine  34  21  1.9  ND  ND  30  11 
 Sicca  19  10  2.2  ND  ND  ND  ND 
 Asthma  12  6  2.1  ND  ND  ND  ND 
 Allergies  77  68  1.6  ND  ND  ND  ND 
 Vulvodynia  2  0.3  NS c   18  3  17  1 
 Temperomandibular  ND  ND  –  ND  ND  12  5 
 Low back pain  ND  ND  –  ND  ND  47  19 

  The article by Clemens  [  26  ]  is not included because we could not be sure that the ICD codes used 
in that study could be correlated with these non-bladder syndromes 
  OR  odds ratio,  ND  not done 
  a Although mean scores on depression and anxiety scales were signi fi cantly greater in cases than 
controls  [  29  ]  
  b Panic disorder 
  c All case control comparisons within each study are signi fi cantly different ( p  < 0.05) except for NS 
noted  
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A recent systematic review of studies seeking associations of BPS with each of FM, 
CFS, TMD, and IBS was con fi rmatory  [  30  ] . 

 In general, the conditions associated with BPS are not diseases with known 
pathogeneses and diagnostic  fi ndings. Rather, each is a collection of symptoms 
and signs, a syndrome. And these syndromes have many other similarities: symp-
tom-based diagnoses, prominent pain in most, women overrepresented, normal or 
incidental local histopathology, non-diagnostic laboratory tests, fatigue, and 
exacerbation by stress, co-occurrence, chronicity, and unknown etiology. FM, 
CFS, IBS, and TMD are now commonly discussed together as functional somatic 
syndromes (FSSs). Others, i.e., CPP and migraine, are sometimes included as 
FSSs; and still others, i.e., depression and anxiety, are often associated with FSSs 
 [  31–  35  ] . 

 Associations with BPS of certain other syndromes hypothesized by the afore-
mentioned clinical observations have not been con fi rmed. The study of anteced-
ents to BPS by Warren et al. did not  fi nd cases to exceed controls in hypothyroidism, 
hyperthyroidism, mitral valve prolapse, shingles, cancer, Crohn’s disease, ulcer-
ative colitis, insulin-treated diabetes, diabetes treated with oral medication, Lyme 
disease, multiple chemical hypersensitivity, or SLE  [  27  ] . Although conceivable 
that associations with one or more of these conditions may appear during the 
course of BPS, a study of  prevalent  BPS cases that compared all ICD codes did 
not report any of these to be more common in BPS patients than in controls  [  26  ] . 
This study, however, only speci fi cally noted that the following were not associ-
ated with BPS: in fl ammatory bowel disease, SLE, sinusitis, and rheumatoid 
arthritis.  

   Which Comes First? 

 So certain syndromes are epidemiologically associated with BPS. But association is 
not causation. One of the most important tenets of pathogenesis is that cause must 
precede effect  [  36  ] . Nickel et al. graphically illustrated this regarding BPS and asso-
ciated NBSs  [  28  ] . 

 Three studies have investigated the relative onsets of BPS and NBSs. Alagiri 
et al. apparently queried cases about onsets, for they note without presenting data 
that BPS “tended to precede FM, incontinence, and CFS, while it tended to follow 
allergies, migraine headaches, endometriosis, in fl ammatory bowel disease, asthma, 
and sensitive skin”  [  14  ] . Recall of such events may be inversely proportional to time 
elapsed since the events. Alagiri et al. do not note the interval between BPS onset 
and completion of their questionnaire but it must have been years: the mean interval 
between the onset of BPS symptoms and the  diagnosis  of BPS was a mean of 
5.1 years. 

 The two other studies of relative onsets avoided this pitfall by using the onset 
date of BPS as a fulcrum. Wu et al., in an extension of the study above, de fi ned 
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the onset of BPS as the date when its ICD code  fi rst appeared, following a 
6-month period of no such code  [  37  ] . They then looked at preceding syndromes 
in the large medical database population: individuals with antecedent CPP, vul-
vodynia, IBS, and FM were signi fi cantly more likely than those without to 
develop BPS. 

 Seeking risk factors for BPS, Warren et al. compared BPS cases to matched con-
trols on antecedent NBSs  [  27  ] . Events Preceding Interstitial Cystitis (EPIC)  nationally 
recruited incident female BPS cases (BPS symptoms of  £ 12 months) through patient 
support and urology groups; the onset date (index date) was identi fi ed by a  fi ve-step 
iterative process including medical record review. Control patients were recruited by 
national random digit telephone dialing, matched by age, gender, and national region, 
and assigned an index date equivalent to the matched control. By telephone inter-
view, 24 NBSs present before the index date were queried. For eight of these, i.e., 
CFS, FM, CPP, IBS, migraine, panic disorder, vulvodynia, and sicca syndrome, a 
series of questions addressed widely accepted expert consensus symptom-based 
diagnoses. For all but one of the other syndromes, diagnosis was by self-report of a 
physician diagnosis; the exception was allergies which were diagnosed solely by 
self-report. 

 Eleven syndromes, including all eight diagnosed by symptom-based expert con-
sensus, were reported by more cases than controls (see Table  7.1 ). These  fi ndings 
were not confounded by demographic characteristics, prior surgeries  [  38  ] , or repro-
ductive health variables  [  39  ] . For most, there was little question of antecedence: in 
71–95% of EPIC cases, these syndromes preceded IC by 12 months or more  [  27  ] . 
These syndromes were associated not only with BPS but also with each other. 
Indeed, factor analysis demonstrated that ten of these syndromes appeared in four 
clusters: (1) FM, CFS, IBS, sicca; (2) CPP, migraine; (3) allergy, asthma; and (4) 
depression, panic  [  27  ] . 

 Further analysis showed that the odds ratios for BPS increased with increasing 
number of antecedent NBSs (Table  7.2 )  [  40  ] . Types of NBSs were interchange-
able in calculating these odds ratios  [  40  ] . The distribution of types of NBSs was 
skewed, allergy being overrepresented in those with few NBSs, and the classic 
functional somatic syndromes of FM, CFS, and IBS overrepresented in those with 
many NBSs  [  40  ] .  

   Summary 

 Before the onset of BPS, 11 NBSs are present in signi fi cantly more BPS patients 
than controls. Most of the antecedent NBSs are associated with others; if a patient 
has one, she is likely to have others. The odds of BPS increase with the number of 
antecedent NBSs.   
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   Implications for BPS Pathogenesis 

 These three facts have emerged in the  fi rst decade of the twenty- fi rst century: many 
NBSs are associated with BPS, the NBSs are associated with each other, and many 
NBSs antedate BPS. How do these facts help to reveal the pathogenesis of BPS? 

   Many NBSs are Associated with BPS 

 Baranowski et al. suggested a useful framework to conceptualize BPS  [  41  ] . They 
advised a distribution of BPS patients into three groups. One group would be those 
with only bladder symptoms. The second would be those with symptoms perceived 
in other pelvic organs. The authors suggested that this group might represent a phe-
nomenon known as central sensitization: pain generated from one pelvic organ that 
is perceived in other pelvic sites because its second order neurons in the spinal cord 
also receive signals from those sites  [  42  ] . The third group would be BPS patients 
with systemic syndromes. The authors thought that this group would require mecha-
nisms beyond referred pain at the level of the lower spinal cord to explain these 
associations. To our knowledge, to date only the studies by Warren et al.  [  27  ]  and 
Nickel et al.  [  28  ]  have published attempts to distribute BPS cases in such a way. 

 In EPIC, only 7% of the 312 cases had only BPS, i.e., with none of the 11 associ-
ated syndromes. Moreover, only 2% of the BPS cases had only pelvic syndromes 
(CPP, IBS, and/or vulvodynia) without accompanying systemic syndromes. The 
great majority of BPS cases, 91%, were in Baranowski’s third category, i.e., with 
syndromes that manifested as symptoms beyond the pelvis  [  27  ] . 

 These EPIC data suggest that very few BPS cases have only BPS, i.e., without one 
or more of the associated syndromes. Similarly, few BPS cases have additional pel-
vic syndromes without also having associated systemic syndromes. The  implication 

   Table 7.2    Prevalences and odds ratios, comparing cases to controls, for number of antecedent 
non-bladder syndromes  [  40  ]    

 No. of NBSs  No. of cases  No. of controls  Odds ratio (CI) 

 0  22  55  Reference 
 1  48  116  1.0 (0.6, 1.9) 
 2  70  68  2.6 (1.4, 4.7) 
 3  61  30  5.1 (2.6, 9.8) 
 4  41  21  4.9 (2.4, 10.0) 
 5  32  15  5.3 (2.4, 11.7) 
 6 or more  38  8  11.9 (4.8, 29.5) 

   CI  95% Con fi dence interval,  NBSs  non-bladder syndromes,  No . number 
 From Warren JW, Wesselmann U, Morozov V, Langenberg PW. Numbers and types of non-bladder 
syndromes as risk factors for interstitial Cystitis/Painful bladder syndrome. Urology 2011;77:313–
9. Reprinted with permission from Elsevier Ltd  
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is that central sensitization at the lower spinal cord level does not explain all the 
associations of NBSs in most BPS cases. Indeed, the overwhelming majority of BPS 
cases have one or more associated systemic syndromes. Therefore, to understand 
BPS, one must explain its association with this multitude of syndromes with symp-
toms well outside the pelvis. 

 The Nickel study  [  28  ]  used three NBSs to assign BPS patients to three distinct 
clinical phenotypes which roughly correspond to the three groups proposed by 
Baranowski et al.: organ-centric (BPS only), regional pain syndrome (with IBS only), 
and systemic pain syndrome (with IBS plus FM and/or CFS). Of the 207 BPS cases, 
176 were distributed into these phenotypes: organ-centric,  N  = 99 (56%); regional, 48 
(27%); and systemic, 29 (16%). There appeared to be a phenotypic progression, i.e., 
progression from organ to regional to systemic in terms of pain severity, stress, 
depression, sleep disturbance, sexual dysfunction, and diminished quality of life. 

 A comparison of these tripartite distributions by Warren et al. and Nickel et al. is 
instructive. An obvious distinction is that the more associated systemic NBSs used 
to de fi ne the groups, the fewer BPS cases that will remain in the BPS-only group or 
the pelvic group and the more that will be assigned to the systemic group.  

   The NBSs are Associated with Each Other 

 Not only are the NBSs associated with BPS, but many of them are also associated 
with each other  [  27  ] . As noted, many of the NBSs appear as clusters. For instance, 
if a woman had FM, she was more likely than if she did not have FM to have each 
of CFS, IBS, and sicca. And the boundaries of each cluster were indistinct; she 
might have NBSs outside the cluster as well  [  27  ] . Furthermore, the more NBSs, the 
more likely the case would have BPS, i.e., the higher the odds ratio. And this asso-
ciation of BPS with the number of NBSs was independent of the types of NBSs 
making up the number  [  40  ] .  

   Many NBSs Antedate BPS 

 The association of certain NBSs with BPS and with each other generates three 
hypotheses: (1) that BPS initiates a pathophysiology that results in the NBSs, (2) 
that NBSs initiate a pathophysiology that results in other NBSs and in BPS, and (3) 
that a preceding pathophysiology results in the NBSs and BPS. There has not been 
a longitudinal study that has examined the temporal relationships among BPS and 
the NBSs. But data have been revealed that are consistent with each of these 
hypotheses.  
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   Hypothesis: That BPS Initiates a Pathophysiology 
That Results in the NBSs 

 The study by Nickel et al. of prevalent BPS patients presented data that were con-
sistent with the notion that in some patients BPS precedes certain NBSs. The perti-
nent observation was that the mean duration of BPS was in this pattern: BPS 
only < (BPS with IBS) < (BPS with IBS, and FM and/or CFS) ( p  = 0.004). The 
authors note the possibility of several explanations, including a temporal pheno-
typic progression from organ to regional to systemic pain syndrome.  

   Hypothesis: That NBSs Initiate a Pathophysiology 
That Results in BPS 

 On the other hand, two studies of incident BPS cases have shown that a number of 
NBSs precede BPS  [  27,   37  ] . One hypothesis to explain this is that syndrome A 
prompts a structural, physiological, environmental, or behavioral process that leads 
to syndrome B. An analogous situation may be diabetes mellitus as a risk factor for 
myocardial infarction. This reasoning becomes quite complicated when considering 
 multiple  NBSs. Is the process that leads to syndrome B the same that leads to syn-
drome C or is the latter a different one? Is that process also initiated by Syndrome 
A or is a separate one initiated by Syndrome B? Is a particular chronologic sequence 
important? Is a dominant NBS necessary for the appearance of others?  

   Hypothesis: That a Preceding Pathophysiology 
Results in the NBSs and BPS 

 An example would be atherosclerosis as the pathogenesis of each of myocardial 
infarction and ischemic stroke. That the NBSs—and BPS—are very similar in so 
many characteristics may be more consistent with this hypothesis. And of course this 
hypothesis would not require that any given syndrome precede any other syndrome.  

   Do Extant Data Allow a Distinction Among These Hypotheses? 

 Cross-sectional studies have provided provocative evidence of pathophysiologies  asso-
ciated  with the NBSs and BPS: abnormalities in sensory processing, autonomic func-
tion, and the hypothalamus–pituitary–adrenal axis  [  43  ] ; it is conceivable that other 
associated pathophysiologies will be found  [  44  ] . However, association is not causation 
and cross-sectional studies cannot distinguish among these three hypotheses. 
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 This is because cross-sectional studies cannot answer the most basic question of 
pathogenesis: What comes  fi rst? In order to distinguish among these hypotheses, a 
prospective longitudinal study likely will be required. The ideal investigation would 
enroll young women without NBSs or BPSs, perform baseline testing of candidate 
pathophysiologies, and follow the participants for years with periodic reexamination 
for the onsets of the pathophysiologies, the NBSs, and BPS. Given the large number 
of patients and syndromes involved, perhaps all three hypotheses are correct.   

   Summary 

 Over the last decade, what were once distinct pathways to understanding the patho-
genesis of BPS have become fainter. Fortunately, during this time several  investigative 
groups intensively have been examining the association of NBSs with BPS and in 
so doing opened a new exploratory path. Three  fi ndings are pertinent to BPS patho-
genesis: (1) many NBSs are associated with BPS; (2) many NBSs are associated 
with each other; and (3) many NBSs precede the onset of BPS. These  fi ndings have 
generated three hypotheses: (a) that BPS initiates a pathophysiology that results in 
NBSs, (b) that NBSs initiate a pathophysiology that results in BPS, and (c) that a 
preceding pathophysiology results in the NBSs and BPS. A well-designed longitu-
dinal study likely will be necessary to distinguish among these three hypotheses.      
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         De fi nition 

 Bladder pain syndrome (BPS) encompasses a heterogeneous spectrum of poorly 
de fi ned chronic disorders of unknown aetiology  [  1  ] . Although “Interstitial cystitis” 
originally represented a chronic in fl ammatory disease of the bladder, gradually the 
interpretation of this entity changed to describe a clinical diagnosis based on symp-
toms of pain related to the urinary bladder, following a considerable expansion of 
the understanding of the illness. Unfortunately though, following this transition, 
clinical research was severely hampered by lack of transparency of patient selection 
in the majority of clinical series, while terminology still suggested that in fl ammation 
is a decisive factor in all patients. The International Continence Society coined the 
term Painful Bladder syndrome (PBS) and reserved the term “Interstitial cystitis” 
for patients with typical cystoscopic and histological features, with the objective of 
improving precision of reporting in the literature  [  2  ] . Following this line of develop-
ment, the ESSIC guidelines accepted that a clinical diagnosis can be made based on 
symptoms of pain that are perceived to be related to the urinary bladder, accompa-
nied by at least one other symptom such as increased daytime or nighttime fre-
quency. The guidelines also suggested standards for evaluation of patients and 
presentation of objective  fi ndings for clinical studies  [  3  ] . While the symptoms may 
resemble bacterial cystitis, there should be no proven urinary infection or other 
obvious pathology before making a diagnosis of BPS. 
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 There has been a large variation in the nomenclature used for this condition. The 
ESSIC guidelines proposed changing the original term “Interstitial Cystitis” to BPS, 
as in fl ammation is a feature in only a subset of patients. It proposed that the term 
BPS/Interstitial cystitis should be used in the interim. The Japanese Urological 
Association, on the other hand, felt that the term PBS was unacceptable, as a large 
proportion of patients with what they de fi ned as interstitial cystitis do not express 
pain as the predominant symptom  [  4  ] . They proposed the term “hypersensitive blad-
der syndrome (HSB)” for the symptom syndrome associated with IC or IC-like 
conditions to avoid exclusion of patients without pain. The recent American Urology 
association guidelines have retained the use of Interstitial cystitis/Bladder pain syn-
drome (IC/BPS) and its de fi nition as “an unpleasant sensation (pain, pressure, dis-
comfort) perceived to be related to the urinary bladder, associated with lower urinary 
tract symptoms of more than 6 weeks duration, in the absence of infection or other 
identi fi able causes”  [  5  ]  .   

   Clinical Presentation 

 The characteristic symptoms of this condition are pain, frequency and urgency. The 
presentation is quite variable. The onset is often insidious with only a single symp-
tom of urgency/frequency, nocturia or pain  [  6  ] . The diagnosis is often delayed for 
years due to the failure of clinicians to appreciate the symptoms of this disease  [  7  ] . 
Over a period of time, other symptoms manifest. In a retrospective analysis of 45 
patients, Driscoll and Teichman  [  6  ]  found that 89% of patients presented with only 
one symptom. The median time to diagnosis was 2 years. Bacterial cystitis, prosta-
titis, endometriosis and chronic pelvic pain were the common initial misdiagnoses. 

 According to Parsons  [  8  ] , patients often present with urgency/frequency in the 
early stages of the disease and the pain is only mild. As the disease progresses, pain 
becomes increasingly severe and becomes the dominant symptom. The symptoms 
can have a deleterious effect on patients’ physical, professional and personal life. 

 The symptoms of urgency/frequency overlap with overactive bladder syndrome 
(OAB). However, patients with BPS void frequently to relieve pain whereas patients 
with OAB void to avoid leakage of urine, where urgency is the main symptom  [  9  ] . 
Abraham et al.  [  10  ]  conducted qualitative interviews to identify key symptoms and 
the language used to identify them. They found that both OAB and BPS patients 
reported high day- and nighttime frequency. OAB patients did not experience pain 
associated with the urge. 

 In patients with BPS, urge had four components:

    (1)    Need to urinate driven by pain  
    (2)    Need to urinate to avoid pain getting worse  
    (3)    Constant need to urinate  
    (4)    Sudden need to urinate     

 However Clemens et al.  [  11  ]  found that 40% of patients with OAB also reported 
urgency due to pain, pressure and discomfort. They felt that urgency is not a clearly 
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de fi ned and commonly understood condition and cannot be used to differentiate 
between the two conditions. This emphasises the importance of language with indi-
vidual patients using different words to describe similar sensations. When does 
pressure become pain and does discomfort mean pain or pressure? Taking a careful 
history helps elucidate what the patient actually perceives. 

 Pain can be felt to be in the bladder (or more accurately the area that the patient 
or the clinician perceives as from the bladder), abdomen or pelvis and the com-
mon descriptors used are “pressure”, “burning”, “sharp” and “discomfort”. The 
pain is not limited to the suprapubic region but can be referred to locations 
throughout the pelvis, including the urethra, vagina, suprapubic area, lower abdo-
men, lower back, medial aspect of the thigh and inguinal area in any combination 
 [  8  ] . Consequently it is not always obvious that the pain is coming from the blad-
der due to this wide referral pattern. Intercourse and constrictive clothing can 
exacerbate the pain  [  12  ] . 

 The natural history of the disease is characterized by exacerbations and remis-
sions. Exacerbations can be triggered by stress, sexual activity, activation of aller-
gies and premenstrual period  [  12,   13  ] . Most patients experience daily pain only 
during these exacerbations but some patients may always experience daily pain. In 
a national survey of 1,148 patients in the United Kingdom, 64% described daily 
pain during exacerbations and 37% described daily pain  [  14  ] . Longitudinal studies 
of long-term outcome are not available. Warren et al.  [  15  ]  followed up 312 patients 
for a median duration of 33 months. In this study, 35% of patients reported improve-
ment from baseline, including patients with moderate to severe disease. Although 
9% of women reported temporary remission, complete disappearance of symptoms 
was very uncommon. 

 Irritable bowel syndrome,  fi bromyalgia and chronic fatigue syndrome are more 
common in patients with BPS/IC  [  16  ] . It has also been associated with immunologi-
cal disorders such as Sjogrens syndrome, Systemic Lupus Erythematosus, thyroid 
disorders and presence of autoantibodies  [  17  ] . Increasing number of associated con-
ditions (local, regional or systemic) has been shown to have a negative impact on 
quality of life including sexual function, increased pain, stress, sleep disturbances 
and depression  [  16  ] . It has been suggested that the disease progresses from an organ 
centric condition to a regional and eventually a systemic pain syndrome, leading to 
progression of symptoms and deterioration of cognitive and psychological param-
eters  [  16,   18  ] . 

 This disease has a signi fi cant impact on patients’ quality of life, both physical 
and psychological. The levels of pain and depression experienced by these patients 
are higher than those associated with other chronic pain populations  [  19  ] . Sleep 
disturbances, anxiety and depression are more common and are more dif fi cult to 
treat  [  20  ] . The impact on the quality of life can be predicted by cognitive factors. 
Nickel et al.  [  21  ]  used regression analysis to show that pain was associated with 
physical quality of life changes whereas depression, catastrophising and poor social 
support were associated with a reduction in mental quality of life. In particular, a 
maladaptive coping strategy such as catastrophising was strongly associated with 
greater pain, increased symptoms and poorer quality of life. 
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 Heyhoe and Lawton  [  22  ]  investigated the role of these illness perceptions in 
patients with BPS and their experience of psychological distress. They found that 
although illness perceptions differed between severely and non-severely distressed 
patients, there was no association with severity of symptoms. This suggests that 
psychological adaptation and outcomes can be at variance with measures of disease 
severity. Psychosocial interventions that target cognitive impairments may have a 
positive effect on patients’ quality of life  [  23  ] . 

 Patients with BPS may have a higher prevalence of sexual abuse and depression 
and all patients should be screened for sexual abuse  [  24  ] . Patients with a history of 
sexual abuse present with more pain and have fewer voiding problems, which may 
re fl ect increased central sensitization  [  25  ] .  

   Conclusions 

 The diagnosis of BPS is often dif fi cult due to the insidious onset of the condition, 
wide referral pattern and the inability to distinguish it from other diseases. A careful 
history with close attention to the terminology used by patients may allow the clini-
cian to differentiate between BPS and other confusable diseases. Urgency/frequency 
may be the presenting symptoms with pain becoming the dominant feature as the 
disease progresses. The natural history of the disease is characterized by remissions 
and exacerbations, with some patients experiencing daily pain. It can be associated 
with other local, regional or systemic conditions, which suggests that the disease 
progresses from an organ centric to a systemic disease. The disease can have a 
signi fi cant impact on the physical and mental quality of life, particularly in patients 
who adopt maladaptive coping strategies. It is essential to screen all patients for 
sexual abuse, who may present with more pain and fewer voiding problems.      
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         Introduction 

 Pelvic  fl oor dysfunction affects the anterior, apical or posterior vaginal  compartment. 
There are two types: hypotonic or Low-tone pelvic  fl oor dysfunction (LPFD), as 
occurs in urinary or faecal incontinence or in pelvic organ prolapse, and Hypertonic 
pelvic  fl oor dysfunction (HPFD) (Table  9.1 ).  

 Many patients with Bladder pain syndrome (BPS) have concomitant HPFD, with 
muscle tenderness and spasm: they complain of voiding dysfunction and very high 
urethral pressure, which are both manifestations of the pelvic  fl oor hypertonic com-
ponent of their symptoms  [  1  ] . It has been estimated that the prevalence of HPFD in 
patients with BPS is 50–87%  [  2  ] . Pelvic  fl oor dysfunction exacerbates BPS symp-
toms and has been reported to appear in response to events such as bladder 
in fl ammation, gait disturbance and trauma  [  3,   4  ] . 

 Other pain disorders, such as Irritable bowel syndrome (IBS), In fl ammatory 
bowel disease (IBD), Fibromyalgia, and Vulvodynia are all found to have a high 
prevalence in pelvic  fl oor hypertonic dysfunction and myofascial pain  [  5–  7  ] . All 
these disorders are frequently associated with BPS. 

 The term HPFD includes several conditions including:

   Non-neurogenic detrusor sphincter dyssynergia   –
  Spasm of the pelvic  fl oor   –
  Tension myalgia of pelvic  fl oor   –
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  Proctalgia fugax   –
  Levator ani syndrome   –
  Coccygodynia   –
  Vaginismus   –
  Piriformis syndrome     –

 These dysfunctions are generated by an antidromic re fl ex that is seen in an esti-
mated 70% of women  [  8,   9  ] . In the colorectal literature it is de fi ned also as tension 
myalgia and Levator ani syndrome  [  10–  12  ]  and can contribute to symptoms of fre-
quency, urgency, dysuria, urinary and faecal retention, dyspareunia and/or vaginis-
mus  [  8,   9,   13  ] .  

   Pelvic Floor Anatomy 

 The pelvic  fl oor consists of several components lying between the peritoneum and 
the vulvar skin. From above downwards, these are peritoneum, pelvic viscera and 
endopelvic fascia, deep genital muscles, perineal membrane and super fi cial genital 
muscles. The deeper layer, comprising the levator ani, is innervated by the levator 
ani nerve through S3–S5 sacral roots. The levator ani comprises the following: the 
pubococcygeus muscle anteriorly and the puborectalis muscle more posteriorly 
which are palpable during vaginal examination, and the    ileococcygeus muscle, 
which extends from the symphysis to the obturator canal, and is anchored to the 
ischial spine posteriorly and to the obturator membrane or pubic bone anteriorly. 
The super fi cial layer includes the transversus perinei, ischiocavernous and bulbo-
cavernous muscles, and also the distal urethral and anal sphincters innervated 
by the Pudendal nerve (PN) through S2–S4 sacral roots. The PN has three branches: 
the clitoral, perineal and inferior haemorrhoidal branches, which all innervate 
the clitoris, the perineal muscles, the inner perineal skin and the external anal 
sphincter  [  14  ] . 

 As long as the muscles maintain their constant tone, they can keep the pelvic 
 fl oor closed and give tonic support to the pelvic viscera via two types of  fi bres. Slow 
twitch  fi bres maintain urinary and faecal continence and fast twitch  fi bres perform 

   Table 9.1    Types of pelvic  fl oor dysfunctions   

 Hypotonic disorders  Stress urinary incontinence 
 Pelvic organ prolapse 
 Faecal incontinence 

 Hypertonic disorders  Overactive bladder 
 BPS 
 Vulvodynia 
 Chronic pelvic pain 
 Overactive bowel 
 Sexual dysfunction 
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active contraction. They are both activated by a sacro-spinal mechanism enhanced 
by mechanoreceptive parasympathetic impulses: the so-called guarding re fl ex. 

 A viscero-muscular re fl ex could cause a hypertonic contracted state of the pelvic 
 fl oor muscles, resulting in decreased muscle function, increased myofascial pain 
and appearance of the myofascial trigger point  [  1  ] . 

 In addition, the neural pathways that coordinate smooth and striated muscle 
activity of the pelvic organs may respond to ongoing long-term stimulation by dis-
tressing the nonirritated pelvic organs. This may lead to neurogenic in fl ammation 
and sensitization through the release of neurotrophic factors  [  15  ] . It has been pro-
posed that a noxius stimulus may trigger the release of nerve growth factor and 
substance P in the periphery, causing the mast cells in the bladder to release 
proin fl ammatory substances leading to neurogenic in fl ammation. This can result in 
painful bladder symptoms, or vulvar and vaginal pain  [  1  ] .  

   Literature Review 

 In 1937 Thiele created the term Coccygodynia to identify the spastic and painful 
pelvic  fl oor musculature  [  11  ] . Paradis and Marganoff in 1969 proposed the term 
Coccygeus-Levator Spasm  [  16  ] , Grant in 1975 Levator Syndrome  [  17  ]  and Sinaki 
in 1977 Tension Myalgia of the Pelvic Floor  [  18  ] . Lilius et al. published a study on 
the prevalence of Levator Spasm in patients with BPS  [  19  ] . Twenty- fi ve out of 31 
patients (81%) were found to have spasm and tenderness of the levator ani, which 
they termed Levator Ani Spasm Syndrome.  

   Pathophysiology 

 In a normal bladder the peripheral way of transmission is mediated by A d (delta) 
 fi bres, myelinated, high-speed transmission nerves, that are associated with acute 
(sharp) pain, with sensation of temperature and pressure. Instead the unmyelinated 
C- fi bres have a low-speed transmission and respond to stimuli which are stronger 
intensities and are the ones to account for the slow, dull, longer lasting, second pain 
(Fig.  9.1 ). They are normally silent, only becoming active in response to bladder 
in fl ammation or irritation. An in fl ammatory or pain disorder of the pelvic viscera, a 
trauma or exceptional behaviour may elicit noxious stimuli to sacral cord that set up 
a pelvic  fl oor muscle dysfunction with sacral nerve hypersensitivity and a sacral 
cord wind-up (Fig.  9.2 )  [  20  ] .   

 The “Guarding Re fl ex” is a viscero-muscular re fl ex activated with the aim of 
increasing the tone of the pelvic  fl oor during routine daytime activity  [  21  ] . In BPS 
patients there is an afferent autonomic bombardment that may enhance and main-
tain a guarding re fl ex that manifests itself as a hypertonus of the pelvic  fl oor 
(Fig.  9.3 ).   
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   Vulvodynia 

 Vulvodynia, also known as Vulvar Vestibulitis or Vulvar Dysesthesia Syndrome, 
and more recently Vulvar Pain Syndrome, literally means pain, or an unpleasant 
altered sensation, in the vulva. It is characterized by itching, burning, stinging or 
stabbing in the area around the introitus of the vagina. Pain can be unprovoked, 
varying from constant to intermittent, or occurring only on provocation such as 

  Fig. 9.1    Disposition of A d (delta)- fi bres and C- fi bres in the bladder       
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attempted vaginal penetration in sexual intercourse: a condition also known as 
Vestibulodynia. Symptoms may be highly localized or may be quite diffuse and 
may range from mildly irritating to completely disabling. Sometimes an area of 
redness may be visible, but more often the vagina and the vulva show no abnor-
malities on gynaecological or dermatological evaluation. This pain can affect 
women’s sexual life and some women may become afraid to have sexual inter-
course. This fear can lead to vaginismus, which is a spasm of the muscles around 
the vagina that makes sex painful and, in some cases, impossible. Moreover, deal-
ing with pain for a long time causes mental health problems, such as low self- 
esteem, anxiety or depression. Vestibulodynia is diagnosed when there is no other 
obvious clinical pathology or infection present, and the vulvar pain has been pres-
ent for at least 3 months  [  22  ] . Vestibulodynia has been reported in 11% of women 
with BPS  [  23  ]  and was found to be the fourth most common IC-associated symp-
tom (25%)  [  5  ] . 

 The aetiology of vulvodynia is unknown, but it has been postulated that changes 
in the vulvar epithelium may lead to pelvic  fl oor dysfunction and tightening, which 
stimulates the autonomic nervous system and increases pain. A history of pelvic 
surgery and abuse could play a role in BPS and its comorbidities. In a recent study 
more than one out of four BPS patients reported that they had suffered sexual, phys-
ical or emotional abuse at some time in their life  [  24  ] .  

   Colorectal Pain Disorders 

 IBS is characterized by abdominal pain or discomfort, bloating and abnormal bowel 
habits (diarrhoea, constipation or both) in the absence of any structural or biochemi-
cal abnormalities. IBS is a classic example of a visceral pain syndrome and can 
induce central sensitization and secondary pelvic  fl oor hypertonic disorders with 
dysfunctional defecation and colorectal pain  [  25  ] . It has a complex, multifactorial 
pathophysiology, involving biological and psychosocial elements resulting in dys-
regulation of the brain–gut axis. It is often associated with disorders of intestinal 
motility, hyperalgesia, immune disorders, disorders of the intestinal bacterial 
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micro fl ora and autonomic and hormonal dysfunction. This syndrome is often asso-
ciated with various types of chronic pelvic and perineal pain and is part of a global 
and integrated concept of pelviperineal dysfunction, without reference to a distinc-
tion between the posterior segment and the midline and anterior segments of the 
perineum  [  26  ] . Table  9.2  shows the association between BPS and colorectal pain 
disorders: this association is more frequent than in the general population.   

   Myofascial Pain Syndromes 

 Myofascial causes are involved in 12–87% of pelvic pain patients  [  27  ] . It is impor-
tant to determine if it is a primary myofascial pain disorder or if it is secondary to 
another pain disorder such as BPS, Vulvodynia or IBS. If it is a secondary myofas-
cial pain disorder, then the primary pain generator must be treated as well as the 
myofascial component.  

   Symptoms 

 Even though there are symptomatological similarities between BPS and PFD, there 
are also some differences related to pelvic  fl oor non-relaxing behaviour 
(Table  9.3 ).  

 The pain symptoms are often vague and poorly localized, most commonly 
identi fi ed in the bladder followed by the pelvic  fl oor, the vulvo-vaginal area and the 
bowel. Pain is described as achy, throbbing and as having a pressure or heaviness to 
it. Often this feeling is similar to the symptoms seen in patients with pelvic organ 
prolapse, yet on examination no signi fi cant prolapse is seen  [  7  ] . Pain often gets 
worse as the day progresses and is typically exacerbated by pelvic  fl oor muscle 
activities, after sexual intercourse or after voiding. Factors such as job stress, con-
stipation or menstrual cycle can trigger myofascial pain. 

 Patients with a signi fi cant myofascial component of their pain will often report leg 
or groin pain that occurs with bladder  fi lling, and urinary frequency that is severe 
during the day but not at night. The pressure arising from hypertonicity of the pelvic 
 fl oor is perceived as a need to void but during sleep the pelvic  fl oor relaxes; therefore 
the need to void is generated only by bladder volume and not by the pelvic  fl oor. As 
documented by many authors when pelvic  fl oor therapy is used in patients with BPS 
the response to therapy is much better than bladder-directed therapy  [  28,   29  ] .  

   Table 9.2    Prevalence of colorectal pain disorders in BPS patients   

 Colorectal pain disorders  BPS (%)  General population (%) 

 IBS  25–40  9 
 Constipation  68  3 
 IBD  7  0.07 
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   Physical Examination 

 Table  9.4  shows the physical pelvic examination steps in BPS patients. Clinical 
evaluation of the pelvic  fl oor begins with an observation of pelvic  fl oor muscle 
activity during the process of squeezing and relaxation. It is often quite revealing to 
observe the perineum and introital area in the dorsal lithotomy position during the 
performance of a Kegel squeeze. Patients with HPFD are unable to produce more 
contractile strength and therefore cannot produce an effective squeeze. Spontaneous 
muscle fasciculation can be seen. A cotton swab (Q-tip) test for vulvodynia should 
be done. This involves touching the vestibule with the Q-tip at the 2, 4, 6, 8 and 10 
o’ clock positions (Fig.  9.4 ). Response to touch is rated on a VAS of 0–10 (no pain–
worst pain event)  [  30  ] .   

 At this point the doctor should place a generously lubricated single  fi nger in the 
vagina to assess pelvic  fl oor awareness (Fig.  9.5 ) and the ability to squeeze and relax 
the levator ani (Fig.  9.6 ). Many scales are available to document strength, tone and 
tenderness of each vaginal compartment (Oxford scale). Often patients with HPFD 
will have a “V” con fi guration and, as a  fi nger is advanced, it will drop off the shelf 
caused by the contracted levator muscles and drop down onto the coccigeus muscle. 
Active trigger points are often identi fi ed by an exquisitely tender area palpable as a 
small 3–6 mm nodule within a taut band that reproduces the patient’s pain as well as 
the referral pattern of her pain, on both the right and left side (Figs.  9.7  and  9.8 ). 

   Table 9.3    Symptomatological similarities and differences between BPS and PFD   

 BPS  PFD 

 Urgency  Urgency 
 Frequency  Frequency 
 Pelvic pain  Pelvic pain 
 Dyspareunia common  Dyspareunia common 
 Symptoms often worsened by stress  Symptoms often worsened by stress 
 Nocturia common  Nocturia uncommon 

 Sensation of incomplete emptying 
 Constipation 
 Low back pain 
 Straining with voiding 

   Table 9.4    Physical pelvic examination steps   

 1. Simple observation:   Perineal strength  
  High tone  
  Relaxation  

 2. Measure strength/high tone:   Digital measurement  
  Perineometry  
  EMG  

 3. Trigger point muscles 
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  Fig. 9.4    Q-tip touch sensitivity test       

  Fig. 9.5    Physical examination to assess pelvic  fl oor awareness       
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Pressure is applied laterally at the ischial spines and anteriorly underneath the pubic 
rami. Often patients get referred pain to their low back, suprapubic area, groin or 
thighs.      

  Fig. 9.6    Physical examination to assess levator ani tone       

  Fig. 9.7    Myofascial trigger point in female patients       
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   Diagnostic Studies 

 Muscle activity can be measured using a perineometer or an electromyography 
probe  [  7,   13,   31  ] . Surface EMG readings can be as follows: (1) elevated and unsta-
ble resting baseline activity, (2) poor recovery, (3) poor post-contraction and relax-
ation and (4) spasms with sustained contractions and poor strength  [  32  ] . 

 Urodynamics include  fl uctuating or interrupted  fl ow, abnormal voiding studies, 
elevated urethral pressure at rest and urethral instability. Schmidt and Vapnek, per-
forming urodynamics in patients with IC or severe urgency and frequency, observed 
that pain episodes coincided with behavioural increase in the sphincter tone, more 
than in the bladder  [  15  ] . When symptoms involve obstructed defecation and rectal 
pain, defecography can be used to identify the presence of a non-relaxing pelvic 
 fl oor or even paradoxical activity of the pelvic  fl oor during defecation.  

   Treatment Strategies 

 It is imperative, when approaching a patient with BPS, to focus not only on the 
bladder as a cause of the syndrome but also on the pelvic  fl oor. If, in addition to 
the bladder, palpation of the levator muscles is painful, then pelvic  fl oor therapy 
should be considered as a  fi rst-line treatment before any other systemic or intra-
vesical medication. The goal of these stretching exercises is to lengthen the 

  Fig. 9.8    Myofascial trigger point in male patients       
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 contracted muscles by decreasing tension, release trigger points in the levator 
muscles, re-educate the muscles to a normal range of motion and improve patient 
awareness.  

   Treatment of PFD in BPS 

    Behaviour modi fi cation   –
  Muscle relaxants   –
  Local heat   –
  Physical therapy   –
  Pelvic  fl oor manual therapy (Thiele’s massage)   –
  Biofeedback and PFM   –
  Sacral neuromodulation (SNM)   –
  Posterior tibial nerve stimulation   –
  Trigger point injections   –
  Botulin toxin therapy     –

   Behavioural Modi fi cation 

 Improvement in pelvic  fl oor function begins with patient education on the normal 
function of the pelvic  fl oor at rest and with bladder retraining including dietary 
modi fi cation,  fl uid schedules, bowel programmes and timed voiding. The applica-
tion of heat using heating pads is also very helpful.  

   Pelvic Floor Rehabilitation 

  Physical therapy  consists of teaching the patients how to contract or relax their 
pelvic  fl oor. Manual therapy with the direct myofascial release, joint mobilization 
and strengthening and stretching of levator ani muscles all help the patient develop 
her awareness of the pelvic  fl oor  [  33  ] . Surface electrodes applied to the perianal 
area or a vaginal probe can monitor the levator ani activity and teach the patient 
how to relax  [  34,   35  ] . The  Thiele massage  was  fi rst used for the management of 
coccydynia  [  36  ] . This technique encompasses a deep vaginal massage employing 
a back-and-forth motion over the pelvic  fl oor musculature as well as a myofascial 
release manoeuvre for trigger points. Signi fi cant pain improvement can be obtained 
with biofeedback aimed to learn how to control voiding by relaxing pelvic  fl oor 
spasm  [  37  ] .  



136 M. Cervigni and F. Natale

   Sacral Neuromodulation 

 SNM is approved by the Food and Drug Administration for the treatment of idio-
pathic overactive bladder, urge urinary incontinence and chronic nonobstructive uri-
nary retention. SNM is not yet an approved method for the treatment of other pelvic 
disorders, but data supporting its bene fi t are emerging. The major advantage of SNM 
lies in its potential to treat the bladder, urethral and anal sphincters and pelvic  fl oor 
muscles simultaneously, which might result in better therapeutic effects  [  38,   39  ] . 
A signi fi cantly improved pain level and a reduction of opiate use were demonstrated 
in a paper that studied a group of long-term implanted SNM patients  [  40  ] .  

   Posterior Tibial Nerve Stimulation 

 Posterior tibial nerve stimulation (PTNS) showed positive effect on pelvic pain 
management refractory to other previous treatments but the lack of a control study 
suggests that further studies are needed to con fi rm its real ef fi cacy  [  41  ] .  

   Trigger Point Injection 

 Trigger point injection (TPI) has the objective of deactivating the trigger point. TPI 
requires a series of 3–5 injections using the “wet” (with local anaesthetic) or dry 
with the advancement of 1–3 mm surrounding the trigger point and its associated 
taut band. The results show that at least 72% of patients report an improvement 
greater than 50%  [  42  ] .  

   Botulin Toxin Therapy 

 The mechanism of pain relief with Botox involves muscle relaxation due to 
direct antinociceptive activity that causes a secondary decrease in central sensi-
tization  [  43  ] . Botulin toxin A injected in the puborectalis and pubococcygeus 
muscles decreases pain scores, and improves quality of life and sexual function 
scores  [  44  ] .   

   Conclusions 

 Chronic Pelvic Pain is a very common disorder affecting 16% of women. It could 
be related in more than 30% of cases to BPS that is frequently associated with  pelvic 
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 fl oor dysfunction. Facing with such group of patients we need to observe not only 
the bladder but also “outside,” considering the environment. 

 Therefore, it is of utmost importance to evaluate concomitant pelvic  fl oor dys-
function that could cause associated conditions such as vulvodynia or IBS. In such 
cases, therapy should be oriented not only to treat bladder but also the myofascial 
component responsible for pain disorder. 

 Patients with bladder tenderness alone responded better than patients with mul-
tiple tender trigger points, possibly because in these cases the bladder is the only 
target organ and the patients are less severely affected than patients with multiple 
trigger points. Multimodal therapy remains the gold standard in the management of 
BPS patients.      
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  Abbreviations  
  BDI    Beck depression inventory   
  BPS    Bladder pain syndrome   
  CBT    Cognitive behavioral therapies   
  CFS    Chronic fatigue syndrome   
  CNS    Central nervous system   
  HPA    Hypothalamic pituitary adrenal   
  HRSD    Hamilton rating scale of depression   
  IBS    Irritable bowel syndrome   
  IC/PBS    Interstitial cystitis/painful bladder syndrome   
  LUTS    Lower urinary tract symptoms   
  NIH    National Institutes of Health   
  PCS    Pain catastrophizing scale   
  QoL    Quality of life   
  UCPPS    Urogenital chronic pelvic pain syndromes     

       Introduction 

 Bladder pain syndrome/interstitial cystitis (BPS/IC) was  fi rst clinically described as a 
painful female medical condition characterized by bladder ulceration approximately 
100 years ago  [  1  ] . From this description, the lexicon of clinical terms  associated with 
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this painful disorder has grown, including Hunner’s lesions and petechial  hemorrhages 
seen under anesthetized bladder hydrodistension (classic interstitial cystitis) as well as 
those with symptoms, but no objective  fi ndings (painful bladder syndrome, PBS). For 
all BPS patients with symptoms of urinary urgency, frequency, and distressing pelvic 
pain other confusable diseases such as urinary tract infections, endometriosis, and 
cancer of the bladder are ruled out  [  2  ] . 

 A progression from the original criteria was important because practitioners 
were missing more than 60% of patients using ulcer-based criteria  [  3  ] . Furthermore, 
prevalence rates indicate that IC/PBS is common in the United States  [  4  ] . A large 
European study estimated that over 16% of the sample reported moderate–high IC/
PBS symptom and problem scores, with the highest prevalence reported by middle-
aged women. Approximately 66% of the moderate–high-risk patients also reported 
diminished QoL, 35% reported an effect of IC/PBS on their sexual life, and stress 
was correlated with the report of IC/PBS. Although men are diagnosed with IC/PBS 
and some respond to therapy  [  5,   6  ] , IC/PBS is diagnosed primarily in women. In 
fact, the only unambiguous risk factor for IC/PBS was being female (female/male 
ratio 9:1)  [  3  ] . Thus, in this chapter, the literature reviewed is female data. 

 Due to criticisms that “interstitial cystitis” was a terminology re fl ective of a 
speci fi c, organ-based condition, PBS describes a disorder characterized by pain 
related to bladder  fi lling, usually accompanied by urinary frequency and urgency in 
the absence of a proven urinary tract infection or other pathology  [  7  ] . The diagnostic 
term of IC/PBS was suggested in the past to limit communication of the clinical 
dif fi culties facing the patient, attending general practitioner, or urologist, because 
much of the comorbid presentation of IC/PBS may be centrally mediated as sug-
gested for one of its primary symptoms: pain  [  8  ] . However, the nomenclature for this 
condition remains in  fl ux and many are now advocating the more restrictive “BPS” 
as the appropriate diagnostic term  [  8,   9  ] . This chapter discusses the existing literature 
of patients reporting pelvic pain perceived to be related to the bladder associated with 
voiding symptoms, no matter whether it is called interstitial cystitis, PBS, or BPS, as 
it applies to psychosocial risk factors and patient outcomes associated with this med-
ical syndrome. While much of the literature refers to IC or PBS, in this chapter we 
use the general term BPS to describe the patient populations discussed. 

 BPS is conceptualized as a visceral pain syndrome associated with heightened sen-
sitivity to stimuli arising from changes in both the visceral and central nervous system 
(CNS), where previously insensible visceral inputs are now consciously apparent and 
often can be very painful  [  10–  12  ] . As pain transitions from acute to chronic in state, it 
is suggested that afferent signaling from both primarily affected internal organs and the 
sensitized nociceptors associated with these viscera increase afferent pain signaling 
and CNS sensitization, thus facilitating the maintenance of chronic pain symptoms. 
Pain is a cardinal complex feature of BPS and its psychosocial comorbidity must be 
understood. Urologists must recognize the important psychosocial risk factors as they 
apply to BPS in order to optimize therapeutic strategies for this dif fi cult-to-manage 
syndrome, which is especially true because no curative therapy has been established. 

 As a  fi nal introductory note, this chapter has a predominant focus on patient pain 
and quality of life (QoL) as outcomes. The study of patient pain and QoL is  essential 
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in medical syndromes where etiology is not understood and no cure exists. The 
deteriorative effect of pain on QoL runs across all ages. The pain literature suggests 
that persistent pain is associated with activity impairment, effects that persist after 
adjusting confounds such as age, gender, race, and cognitive status, and conditions 
as arthritis, stroke, congestive heart failure, or Parkinson’s disease  [  13  ] . In BPS, 
patient management must reduce patient suffering and targets of psychosocial risk 
factors associated with diminished QoL are timely. 

 In this chapter, the urologist will learn about the pitfalls associated with concep-
tualizing BPS from a purely biomedical model. The next section brie fl y describes 
the literature associated with several psychosocial risk factors for BPS pain and/or 
QoL: stress, social support, catastrophizing, sexual functioning, depression, and 
abuse. A  fi nal section then focuses on management strategies for consideration.  

   Bladder Pain Syndrome as a Biomedical Problem 

 Surprisingly high prevalence rates exist for BPS in females. Some studies suggest 
that over 6% of American women exhibit symptoms of IC/BPS  [  14  ] , suffering uri-
nary urgency, frequency, pelvic pain, dysuria, and sexual pain, while others suggest 
that the overall prevalence of symptoms suggestive of BPS was 3% with twice the 
prevalence in women as men  [  15  ] . BPS pain may be constant and many characterize 
it as severe/excruciating  [  16  ]  and progressive symptoms are common for 3–7 years 
before diagnosis  [  17  ] . BPS QoL is rated worse than persons receiving hemodialysis 
 [  18  ]  and 50% of BPS patients report work disability  [  19  ] . 

 The current clinically employed de fi nition accepted by the NIH, ESSIC, and 
World Health Organization committees  [  8,   20  ]  describes signi fi cant symptoms of 
chronic pelvic pain perceived to be related to the urinary bladder, usually accompa-
nied by other urinary symptoms such as daytime and nighttime urinary frequency 
and/or urgency. As noted in the introduction, other conditions of chronic pelvic pain 
are ruled out before diagnosis of BPS is made. At best, traditional therapies for BPS 
provide some amelioration of symptoms that are said to wax and wane over time. 
These somewhat disappointing biomedical treatments are likely related to the fact 
that BPS etiology is poorly understood  [  21  ] , but also that the whole syndrome is not 
being treated. Signi fi cant psychological comorbidities are unmistakable in BPS 
patients  [  22,   23  ] . The job of the treating physician is to recognize all outcome fac-
tors in BPS and strategize pertinent management options.  

   The Biomedical Model of Bladder Pain Syndrome 

 The current understanding of pain experience was formed by various theoretical, 
cultural, and scienti fi c shifts  [  24  ] . Pain models predate Grecian medicine but many 
consider Descartes’ dualistic pain concept a cornerstone  [  24  ] . Descartes assumed 
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that pain was reported in equal amounts to the observable physical pathology: 
a one–one ratio of effect between tissue damage and perception. This mechanical 
model argued that the mind held little to no authority over nociceptive processes and 
that pain was experienced as a “straight-through” system  [  24  ] . Mid 1900s research 
provided impetus for a shift in pain understanding. Descartes’ biomedical pain 
model could not explain why highly anxious individuals reported signi fi cantly 
greater pain than low-anxiety people  [  25  ] . Further, the model could not explain why 
soldiers in war hospitals for wound treatment used signi fi cantly less pain medica-
tion than did civilians having similar procedures, and soldiers’ psychological dispo-
sition of relief from war was a suggested factor  [  26  ] . Biomedical pain models were 
pushed to evolve based on such  fi ndings and advances in pathophysiology. 

 The Gate Control Theory was a large advance in suggesting pathways to under-
stand the impact of cognitive in fl uences on pain experience and expression  [  27  ] . 
Physiological pain pathway activity was suggested to either augment or reduce sub-
jective pain experiences. Afferent nervous system signaling travels the CNS from 
the extremities, and efferent pathways assist the neurophysiological in fl uence of 
emotional and cognitive activity travel down the spinal cord, modulating incoming 
afferent signals at the dorsal horn. Thus, strong negative emotional states act to 
increase subjective reports of pain through facilitated sensory processing, while 
positive emotions may decrease subjective pain through decreased afferent process-
ing, like the swinging gate analogy  [  28  ] . Pain is more than a sensory experience but 
varies based on subjective personal appraisals  [  29  ] . Cognitive factors can be either 
protective or in fl ammatory to pain experience (stress, catastrophizing versus opti-
mistic). Anxious states are often associated with eventual appraisals of helplessness 
exacerbating pain experience further. Negative ruminatory or helpless pain apprais-
als (catastrophizing) are prominent in predicting poor experimental and clinical 
pain outcomes  [  29  ] . 

 More recently, pain was suggested to occur in a neuromatrix pattern where indi-
vidual genetic/characteristic patterns of nerve impulses are activated by sensory or 
central input often independent of peripheral activation  [  30  ] . Injury alters bodily 
homeostasis stressing the organism to initiate neural, hormonal, and behavioral acti-
vation to achieve normal baseline state. Whether physiological or psychological, 
stress activates the limbic system and emotional processing. In chronic activation, a 
predisposition for CNS sensitization to repeated stimulation patterns might act in 
developing chronic pain states. Thus, a neuromatrix model is a diathesis–stress pro-
cess wherein physiological predispositions interact with the acute stressors mani-
festing in a person’s experience  [  31  ] . Pain is “stress” that reduces bodily homeostasis. 
The presence of persistent pain creates a constant physiological activation and other 
physiological loads, helplessness or anxiety, can also reduce bodily homeostasis, 
further augmenting pain. Several underlying neuroanatomical pathways, neuro-
physiological mechanisms, and several well-known psychosocial factors can there-
fore be involved in pain experience  [  32  ] . 

 Chronic pain is not simply a symptom but can be conceptualized as a disease 
process unto itself  [  33  ] . The International Association of the Study of Pain de fi nes 
chronic pain as “an unpleasant sensory and emotional experience associated with 
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actual or potential tissue damage, or described in terms of such damage.” In the 
particular case of BPS, and as mirrored in the neuromatrix model of pain, chronic 
pelvic pain likely results from many changes in the pain signaling pathways associ-
ated within somatic and visceral structures and the excitatory processes in both the 
peripheral and CNS. Such changes can witness initial trauma in the viscera trans-
formed into processes of peripheral sensitization, and with windup responses cen-
tral sensitization may converge producing referred pain and referred pathophysiology 
 [  33  ] . There are no second-order neurons for the viscera and visceral and somatic 
afferents converge on the second-order neurons of the CNS, which can be associ-
ated with neuroexcitatory transmission and sensitization of the CNS. When 
neuroin fl ammatory response changes are noted referred pain or pathology can 
occur. For example, a neurotropic virus induces BPS but its neuroin fl ammatory 
responses can be halted by interrupting the neural connections  [  34  ] . This concept of 
convergence explains how neurogenic in fl ammation, its pain, and pathology can 
stretch between organ systems in chronic pain states  [  35  ] . Indeed, BPS is associated 
with distinct clinical phenotypes based on identi fi cation of overlapping syndrome 
patterns (BPS and no other symptoms; BPS and irritable bowel syndrome only; BPS 
and  fi bromyalgia only; BPS and chronic fatigue syndrome only; multiple associated 
conditions)  [  36  ] . Also, as associated conditions increased, the patient moved from a 
localized to more regional or even systemic presentation, with pain, stress, depres-
sion, and sleep disturbance increasing while social support, sexual functioning, and 
QoL deteriorated. Both anxiety and catastrophizing (negative appraisals of pain 
management ability) remained increased across phenotypes. Increased symptom 
duration was also associated with phenotypic progression (localized, regional, sys-
temic)  [  23  ] . 

 Biomedical approaches to BPS management may miss the complexity of pain 
and the “psychology” of the nervous system. The biopsychosocial model asserts 
that biological aspects of chronic illness (changes in muscles, joints, or nerves gen-
erating nociceptive input) affect psychological factors (anxiety, catastrophizing, 
helplessness) and the social context of the individual (social activity, activity of 
daily living, interpersonal relationships) in a recursive manner  [  37  ] . It is the general 
understanding that biomedical pain models focused on etiological and pathophysi-
ological explanations for BPS are de fi cient.  

   Psychosocial Risk Factors for Bladder Pain Syndrome 

 There is increasing interest concerning BPS pain, QoL, and associated psychosocial 
risk factors across the urological, psychological, and pain literatures. Identifying 
risk factors assists clinicians in understanding the recursive dynamics between 
patients’ physical, psychological, and social experiences. Stress, depression, social 
support, pain catastrophizing, sexual dysfunction, and abuse have garnered research 
and clinical attention. Brief reviews of these risk factors and management sugges-
tions are offered below. 
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   Stress/Anxiety 

 Patients with BPS reporting greater medical comorbidity also reported high pain, 
poor physical QoL, depression, sexual dysfunction, and greater stress  [  23,   36  ] . 
BPS-associated stress and anxiety are important markers initiating and worsening 
functional urinary symptoms  [  38,   39  ] . The majority of BPS patients report symp-
tom exacerbation under periods of stress  [  17  ] , that acute stress increases bladder 
pain and urgency  [  40  ] , and that associations between stress and pain increase when 
severity of other symptoms increases  [  41  ] . 

 Another interesting  fi nding comes from the large BACH study  [  15  ] . These 
authors produced a multivariate logistic model predicting symptoms suggestive of 
BPS between men, women, and overall effects. The results indicated that the pri-
mary predictive effects came from younger age, low physical activity, and greater 
reported stress (“worry about a sibling”; “trouble paying for life basics”). A poten-
tial genetic link between BPS and anxiety is suggested by a fourfold higher inci-
dence of panic disorder to controls  [  42  ] . 

 Hypothalamic pituitary adrenal (HPA) axis and sympathetic nervous system dys-
regulation by stress may be important mechanisms underlying BPS symptoms. 
Animal models can help us explain this stress–anxiety-symptom connection in BPS. 
Studies show that protracted psychological stress can boost bladder pain responses 
in high-anxiety rats  [  43  ] . Further, BPS patients exhibit increased activation of defen-
sive emotional responses with threatened abdominal pain  [  44  ] . Finally, stress and 
pain may be exacerbated in BPS by dysfunctional cognitive  fi ltering in the CNS. 
Hypersensitivity of interoceptive processing may be a general de fi cit in  fi ltering 
interoceptive and exteroceptive stimuli due to altered pre-attentive processing aug-
mented by emotional-cognitive factors  [  45  ]  like catastrophizing. 

 In a recent BPS phenotyping study, patient questionnaires were contrasted with 
age, partner status, and education-matched controls. Patients reported greater pain, 
diminished physical QoL, greater dysfunctional sleep, more depression, catastroph-
izing, anxiety, and stress. Certain psychosocial risk factors (stress, anxiety, depres-
sion, catastrophizing) were also shown to further correlate with BPS-speci fi c 
symptoms and strongly with decreased QoL. In particular, pain was strongly associ-
ated with physical QoL, while social support, depression, catastrophizing, and stress 
signi fi cantly predicted diminished mental QoL  [  23  ] .  

   Social Support 

 Greater social support is associated with better patient outcomes. Lower levels of 
social support are associated with diminished QoL, greater depression, disability, 
pain severity, and pain behavior in patients with pain  [  46  ] . Indeed, persistent pain 
impairs daily functioning, in fl uences marital discord, and negatively impacts both 
men and women but few BPS studies have examined social support or coping in the 
form of social engagement. 
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 One previous study examined the association of the active seeking of social 
 support or personal expression of distress to another as forms of social engagement 
in relation to depression and QoL in BPS  [  22  ] . In particular, venting (patients 
express themselves to another letting unpleasant feelings “escape”) was found to be 
associated with greater depression and poorer mental health QoL. Although focused 
expressions of strong emotions are considered to be functionally bene fi cial in acute 
situations, protracted rumination or focus on anguish may maintain depression by 
reducing chances for interpersonal problem solving. This type of negative coping 
may be unpleasant interpersonally and may be associated with negative responses 
from the signi fi cant others, but this study did not assess such reactions. Additionally, 
seeking instrumental support (asking for assistance with activities or duties) was 
associated with less depression. 

 Recent research has examined responses of social support from the signi fi cant 
others. Such responses are operationalized into solicitous (“tries to get me to rest,” 
“does some of my chores”), distracting (“tries to get me involved in some activity”), 
and negative or punishing (“gets angry with me”). In the chronic pain literature, 
negative responses to a partner’s pain are associated with depression  [  47  ] , pain cata-
strophizing  [  48  ] , and greater pain  [  49  ] . Solicitous responses are related to greater 
pain  [  50  ] , pain catastrophizing  [  48,   51  ] , and depression  [  49  ] . Distracting responses 
from spouses are associated with greater pain  [  49,   50  ]  and depression  [  52  ] . There 
has only been one study that examined the in fl uence of spousal support and the 
association between pain and QoL, pain and depression, and pain and patient dis-
ability in BPS  [  53  ] . Results indicated that “distracting” behaviors from the patient 
spouses, in response to the patient’s pain behavior, diminished the negative impact 
of patient pain on patient mental QoL. The effect of distracting spouses when in 
pain was also tested for the association between pain and physical QoL and depres-
sion and disability, but was not signi fi cant. This novel  fi nding suggests that at higher 
levels of distracting responses, the correlation between pain and mental QoL was 
not signi fi cant. By contrast, the correlation between pain and mental QoL was 
signi fi cant at moderate and lower levels of distracting spousal responses. In essence, 
distracting spousal responses act to “buffer” the deleterious effects of pain on men-
tal QoL in BPS. This study also tested the effects of “negative” spousal responses as 
well as “solicitous” spousal responses but no signi fi cant relationships were found.  

   Catastrophizing 

 Pain-related “catastrophizing” is broadly considered as a set of negative, exagger-
ated cognitive schema engaged when a patient is undergoing pain or is anticipating 
pain  [  54  ] . Catastrophizing is one of the most robust predictors of pain across clini-
cal and nonclinical samples  [  29  ] . In initial BPS studies, patients reporting greater 
catastrophizing also reported greater depression, poorer mental health, social func-
tioning, and greater pain  [  22  ] . In particular, this study used a series of regression 
models to test the independent contributions of catastrophizing and social coping 
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variables to depression and QoL in BPS  fi nding that greater catastrophizing  predicted 
decreased social functioning. Further, catastrophizing, not age or symptom sever-
ity, was related to more severe symptoms for both depression and QoL. Finally, 
catastrophizing signi fi cantly predicted greater pain. These  fi ndings suggested that 
catastrophizing-exhibited impact in patients with BPS was similar to other pain 
samples  [  22  ] . 

 Pain experience and catastrophizing in the lab were examined in generalized 
cutaneous hypersensitivity  [  55  ] . Patients with BPS were tested against controls for 
habituation to supra-threshold thermal stimuli applied at T12 and S3 dermatomes 
for 60 s while periodically rating the intensity of stimuli. They found that patients 
were less sensitive to warm stimuli in the T12 dermatome than asymptomatic con-
trols but otherwise had similar thermal and vibratory thresholds and that habituation 
to supra-threshold stimuli at T12 and S3 dermatomes was more common in controls 
than BPS subjects. Catastrophizing was correlated with the duration of BPS symp-
toms and with thresholds to warm stimuli at T12 dermatome, suggesting that habit-
uation to somatic stimuli is impaired in patients. Though cautionary, the authors 
suggested that the physical and psychological differences found in their study could 
potentially predispose patients suffering from BPS to chronic pain. 

 As suggested for stress above, BPS phenotyping research examined patient and 
controls on several important outcome risk factors  [  23  ] . Pain catastrophizing was 
shown to be strongly associated with pain and diminished QoL in patients with 
BPS. Catastrophizing had a signi fi cant association with decreased QOL (particu-
larly poor mental QoL), greater pain, and a greater severity of BPS symptoms and 
bother. It was suggested that this was the  fi rst time any comparisons of BPS cata-
strophizing have been made with a control sample of healthy matched females. 
Importantly, this study cannot determine the cause and effect between catastroph-
izing and BPS outcomes. 

 The BPS catastrophizing  fi ndings have directed current efforts in the area of 
clinical assessment and management of psychosocial factors for improved patient 
adjustment. Using the clinically practical UPOINT phenotyping classi fi cation sys-
tem for patients diagnosed with BPS  [  23,   56,   57  ] , the psychosocial domain of the 
UPOINT system (i.e., catastrophizing, depression) identi fi ed patients with BPS that 
also reported greater pain, urinary urgency, and frequency  [  57  ] . Although cause and 
effect relations between pain, BPS symptoms, and psychosocial parameters were 
not feasible from this study design, psychosocial factors and catastrophizing in par-
ticular signi fi cantly impact BPS outcomes.  

   Sexual Functioning 

 Sexual functioning and its association to QoL has become a BPS research topic of 
interest. Pain and reduced sexual functioning are associated with poorer psychologi-
cal functioning in other chronic pain conditions  [  58,   59  ] . Sexuality is signi fi cant to 
patients with BPS  [  60  ]  and patients are intensely uneasy about the decreased sexual 
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function  [  61  ] . Further, it is suggested that bladder pain and lower urinary tract 
symptoms (LUTS) related to BPS have a negative correlation with sexual function, 
prompting the opinion that physicians consider pain relief and control in LUTS but 
also sexual functioning when managing patients with BPS  [  62  ] . 

 One of the initial evaluations of sexual functioning as a predictor of QoL was 
carried out in a large cohort of patients with refractory BPS  [  63  ] . These women 
were enrolled in a clinical trial of intravesical bacillus Calmette–Guerin, providing 
demographic data and responses to several questionnaires covering BPS symptoms 
and bother, sexual functioning, and QoL at baseline. The authors documented the 
severity, frequency, and bother of pain, urinary urgency, and frequency as well. 
They showed that physical and mental QoL were low. They found that employment, 
pain, and sexual functioning predicted physical QoL. Further, this study identi fi ed 
poorer sexual functioning as a primary predictor of diminished mental QoL in 
women with treatment refractory BPS suggesting that sexual functioning may be a 
salient therapeutic target. 

 A study of sexual functioning and QoL in patients with BPS enrolled in a 32-week 
treatment trial of pentosan polysulfate sodium showed that improvement in BPS 
symptoms was associated with signi fi cant improvement in sexual functioning  [  64  ] . 
In particular, patients showed statistically signi fi cant improvement in BPS 
symptoms and sexual functioning scores across treatment, and their reduction in 
symptom index score was moderately associated with improvement in their sexual 
functioning score at the end of the study. There was also a positive correlation noted 
between the mean change scores of sexual functioning score and improvements 
reported for physical and mental QoL leading authors to suggest that sexual dysfunc-
tion is moderate–severe in signi fi cantly decreased QoL, and treatment- associated 
reduction in BPS symptoms may improve sexual functioning, which may bolster 
patient QoL  [  64  ] . 

 A cohort of urology clinic patients with BPS were examined for unique and 
shared associations between QoL, BPS symptoms, catastrophizing, depression, 
pain, and sexual functioning  [  65  ] . Women recruited from three North American 
centers completed measures and hierarchical regressions tested both unique and 
combined factor effects on QoL. They showed that diminished physical QoL scores 
were predicted by longer symptom duration and greater pain severity. However, 
poorer mental composite QoL scores were predicted by older age and greater pain 
catastrophizing (helplessness subscale). These data showed that longer symptoms, 
pain, older age, and anxious/helpless thinking about their pain (catastrophizing) 
were superior predictors of poorer QoL over sexual functioning when included in 
analyses. 

 BPS negatively impacts QoL suggesting that symptom duration, pain severity, 
depression, poor coping, stress, sleep disturbance, and sexual functioning have been 
identi fi ed as key predictors. However, much of this research did not examine all of 
these relevant psychosocial variables in a BPS cohort versus controls. Thus, extending 
the recent work  [  65  ] , a phenotyping study examined prominent variables  (symptom 
duration, pain severity, depression, poor coping, stress, sleep disturbance, sexual func-
tioning) for impact on BPS QoL versus matched controls  [  23  ] . When compared to 
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controls, patients reported signi fi cantly more sleep dysfunction, depression, anxiety, 
stress, catastrophizing, and moderately more sexual and social support dysfunction. 
Regression models within the BPS patient group showed that sexual dysfunction was 
not associated with either mental or physical QoL. Physical QoL was only predicted 
by increased pain and mental QoL was predicted by stress, lower social support, and 
catastrophizing. 

 Current research asserts that sexual dysfunction is high in women suffering from 
BPS  [  66  ] . In a large phone survey, 88% of women with a current sexual partner 
reported at least one or more general sexual dysfunction symptoms with 90% report-
ing at least one or more BPS-associated sexual dysfunction symptom in the past 
month. Further, they found that BPS-associated sexual dysfunction was signi fi cantly 
associated with more severe BPS symptoms, younger age, higher depression scores, 
and poorer perceptions of their general health. Their  fi nal regression analyses 
showed that general sexual dysfunction was predicted by ethnicity (non-Latino), 
being married, and having greater depressive symptoms  [  66  ] . It is clear that sexual 
dysfunction is a signi fi cant factor for patient QoL and that several biopsychosocial 
variables exert in fl uence on this relationship.  

   Depression 

 Depression is a major healthcare issue affected up to 10% of primary care cases 
 [  67,   68  ] . Depression symptoms include sadness, helplessness, low energy, little 
interest in previously pleasurable activities, and negative thoughts about one’s self 
and the future. Women suffering from BPS are at risk for depression but some 
qualify this in suggesting that not all women are suffering from severe levels  [  69  ] . 
Further, studies have shown that QoL assessment can be confounded with the 
measurement of depression  [  65  ] . Tripp et al. showed that a commonly used BPS 
QoL assessment (Medical Outcomes Survey short-form; SF-12)  [  70  ]  may have a 
mental composite scale that can be redundant with depression scores ( r  = 0.77) 
 [  71  ] . In such cases, mental QoL may be characterized as depression or depression 
as mental QoL. 

 In a study by Clemens and colleagues, urinary frequency and urgency, depres-
sion scores, and lower education level were independent predictors of worse symp-
tom severity in both IC/BPS and CP/CPPS, and depression acted as one of the 
strongest predictors of symptom severity  [  72  ] . Women with BPS also reported 
greater depressive symptoms when they reported increased comorbid medical con-
ditions  [  23  ] . The rate of mental health disorders in male and female patients with 
CP/CPPS and IC/BPS versus controls showed disorders reported in 13% of CP/
CPPS versus 4% of controls with 23% of IC/BPS cases versus 3% of controls  [  72  ] . 
Further, this study reported that psychoactive medications were being consumed 
differentially by patient versus controls and suggested that the medication data 
imply that there may be a relationship between treatment ef fi cacy for mental health 
disorders and the presence of urological pain symptoms. The authors suggested 
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that there were an inordinate number of patients with BPS taking psychoactive 
 medications for depression, anxiety, or stress (39%) versus controls that also had a 
mental health diagnosis (depression or anxiety) (14%) and postulated that whether 
the increased proportions of depressive symptoms among cases are a reaction to 
the experience of pelvic pain or predate the pelvic pain is of importance but has not 
yet been    examined  [  73  ] . 

 Other research has used multiple depression assessments to gauge the scope of 
symptoms across scales. Their research suggested that patients with BPS tend to 
present with averaged reports reaching only mild depressive symptoms, with 
approximately 10% of patients scoring in the moderate–severe range of depressive 
symptoms on one measure (Hamilton Rating Scale of Depression, HRSD)  [  69  ] . 
When using another measure (Beck Depression Inventory, BDI) that included 
somatic and the usual cognitive indicators, patient ratings again re fl ected mild 
depression with 17% falling into the moderate–severe depression range. What was 
interesting about this study was that greater BPS symptom severity did not correlate 
with increases in depressive symptoms, or general indices of QoL  [  69  ] . On the other 
hand, greater pain did signi fi cantly correlate with QoL and depression scores (BDI; 
HRSD). BPS frequency was only associated with physical functioning, and urgency 
and nocturia were also not associated with depression. 

 To summarize, those with greater pain were more likely to have poorer outcomes 
and pain was the most critical BPS symptom for predicting depression and dimin-
ished QoL. Whether depression precedes chronic pain or follows from it is still not 
well understood and must be considered through a careful history, but a direct rela-
tionship exists with pain and depression often promoting the other  [  74  ] .  

   Abuse 

 Abuse history has been a hotly debated subject in urology for some time. Recent 
years have seen research suggesting prevalence, physical, and functional comor-
bidities and abuse’s predictive impact on severity of BPS symptoms. Indeed, patients 
with chronic pelvic pain with abuse histories have been reported to suffer from 
diminished functional and health status, greater pain-associated dysfunction, more 
complaints of general medical symptoms, a greater lifetime propensity for surger-
ies, and greater overall disability compared to suffering chronic pelvic pain without 
an abuse history  [  75  ] . In reviews of the literature, some conclude that many women 
have been the victims of sexual assault and that sexual assault is a known risk factor 
for chronic pelvic pain  [  76  ] . 

 The prevalence of BPS symptoms was more common in those abused, in those 
who were worried about someone close to them, and in those who were having 
trouble paying for basics, even when adjusting for subject depression  [  15  ] . They 
suggested that BPS might be associated with previous trauma and stress. In particu-
lar, their data showed that men and women who had reported abuse during adoles-
cent years were more likely to have symptoms suggestive of BPS, with increasing 
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prevalence of symptoms for those who experienced multiple types of abuse. This is 
interesting because although there was an indication of differences in physical or 
sexual abuse for men and women in the study, only the experience of multiple adult 
abuses was reported as signi fi cant in predicting BPS symptoms in  fi nal multivari-
able analysis. This study also found that abuse was associated with urinary fre-
quency and urgency, and nocturia. These  fi ndings corroborate earlier 
questionnaire-based reports of abuse experienced during the lifetime of individuals 
with BPS suggesting that up to 18% reported sexual abuse, 17% reported physical 
abuse, and nearly 32% reported emotional abuse  [  77  ] . 

 There is likely some association between depression and abuse history in BPS. 
Almost 70% of BPS patients reported mild depression but for those meeting the 
depression cutoff, the average score was of moderate depression  [  78  ] . Further, 36% 
of this BPS sample reported sexual abuse and 21% childhood sexual abuse. This 
study could not address causality in the relations between depression and abuse his-
tory in women and the authors suggest that it is too simplistic to suggest that sexual 
abuse causes BPS. 

 Other survey research suggests that BPS symptoms may not be associated with 
sexual abuse  [  79  ] . The authors sought to evaluate the relationship of childhood mal-
treatment on the prevalence of pain conditions comorbid with migraine in clinic 
population. They reported a diagnosis of BPS in 6.5% ( n  = 85) of their sample, 
 fi nding that patients reporting childhood physical abuse had a higher prevalence of 
arthritis; childhood emotional abuse had a higher prevalence of irritable bowel syn-
drome (IBS),  fi bromyalgia, chronic fatigue syndrome (CFS), and arthritis; and 
childhood physical neglect was associated with higher prevalence of IBS, CFS, 
arthritis, and BPS. 

 In another BPS abuse study, newly diagnosed women with BPS were strati fi ed 
into those reporting a history of sexual abuse or no abuse and contrasted on demo-
graphics, frequency and urgency, nocturia, voided volumes, pelvic pain urgency 
frequency, BPS symptom and problem scores, and sexual    functioning  [  80  ] . Up to 
25% reported histories of sexual abuse including vaginal penetration, rape, and 
inappropriate touching of the genitals. Participants with sexual abuse histories 
showed larger voided volumes, less daytime frequency, and nocturia. Further, dif-
ferences were also reported for palpation tenderness of the suprapubic area, vulva, 
posterior vaginal wall, cervical motion, and rectum, and perhaps accordingly lower 
sexual function scores. Interestingly, the BPS symptom and bother scores were 
similar between groups. These  fi ndings suggest that sexually abused patients with 
BPS present varied physical and functional problems. Further, abused patients may 
have in fl amed pain responses due to central HPA dysregulation, as discussed earlier 
in this chapter. 

 Collectively, these studies show associations between histories of abuse, depres-
sion, physical and functional symptoms, and BPS diagnosis. As suggested in an 
abuse and BPS review  [  81  ] , what cannot be causally determined from these reports 
is whether or not one factor leads to the development or maintenance of another. 
Further, the papers reviewed in this chapter have suggested that the negative psycho-
logical experience associated with the abuse may physically change the  functional 
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priorities of the CNS and/or peripheral visceral nerves in response to pain or somatic 
stimuli. This CNS windup may then set the stage for continued nerve sensitization 
caused by a cascading effect of localized inputs. Either way, the patient with BPS 
should be screened for depression and abuse impact amongst the other psychosocial 
risk factors pertinent to patient pain and QoL. Quantifying the severity of past abuse 
experiences presents with signi fi cant methodological challenges but it is 
necessary.   

   BPS Psychosocial Risk Factor Management 

 There has been increased desire to model Urogenital Chronic Pelvic Pain Syndrome 
(UCPPS) management into a multimodal therapy approach. UPOINT is a six-point 
clinical classi fi cation system categorizing phenotypes of UCPPS patients into six 
clinically identi fi able domains including Urinary, Psychosocial (catastrophizing, 
depression), Organ Speci fi c, Infection, Neurological/Systemic, and Tenderness 
(muscle)  [  23,   56,   57  ] . Of the psychosocial risk factors identi fi ed in this chapter, 
catastrophizing and depression have been provided particular attention within the 
UPOINT system  [  23,   57  ] . The reviewed studies suggest that cognitive and emo-
tional factors are important to the creation, ampli fi cation, and perhaps maintenance 
of pain and diminished QoL in UCPPS, and suggest that standard patient care not 
addressing these domains may be ineffective  [  23,   56  ] . For example, there are at least 
three distinct BPS clinical phenotypes based on identi fi cation of overlapping syn-
drome patterns  [  36  ] . Here, 50.3% of the IC/BPS cohort reported no other associated 
medical conditions, 24.4% reported IC/BPS and IBS only, 2.5% reported IC/BPS 
and  fi bromyalgia only, and 1.5% reported IC/BPS and CFS only, while 20.2% 
reported multiple associated conditions. As the number of associated conditions 
increased and the patient moved from a localized to a more regional or even sys-
temic presentation, pain, stress, depression, and sleep disturbance increased while 
social support, sexual functioning, and QoL deteriorated. Anxiety and catastroph-
izing remained increased in all groups. Interestingly, increased symptom duration 
was associated with this apparent phenotypic progression from localized, regional, 
to systemic  [  36  ] . 

 The phenotyping research aids in understanding patient disease complexity  
[  23,   36,   56,   57  ] , but the cure of refractory urogenital conditions such as BPS remains 
elusive. BPS is not described as a standard disease or an in fl ammatory process and 
treatment must be individualized. Urologists are not expected to be psychologists, 
but are advocates for patient well-being. Patients with any type of chronic pain often 
report maladaptive coping (catastrophizing); may suffer from depression, relation-
ship strain, and stress; and/or have a history of sexual or other physical abuse. 
Patients demonstrating these features can bene fi t from counseling, cognitive behav-
ioral therapy (CBT), and/or antidepressant medications  [  82  ] . 

 If we consider BPS to be as devastating to patient well-being as other chronic 
pain conditions, and to share some features in regard to psychosocial and physical 
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predictors, models developed in CBT protocols to address anxiety, depression, and 
pain are    relevant. Pain appraisals and catastrophizing have been of particular thera-
peutic interest in such treatment models. CBT is not a replacement for ongoing 
biomedical efforts to ease patient symptoms, but it must be considered as a serious 
adjunct in such treatment plans. CBT approaches help develop coping skills to man-
age their physical symptoms and the accompanying distress necessitated from per-
sistent symptoms. Persistent pain and its associated comorbidities are a chronic 
disease; thus patients can improve QoL when engaged in symptom self-manage-
ment. Treatment that has focused on decreasing negative thinking and emotional 
responses to pain, decreasing perceptions of disability, and increasing orientation 
toward self-management is predictive of favorable treatment outcomes  [  82–  84  ] . 

 CBT programs are problem oriented, use self-management skills in regard to 
monitoring and challenging dysfunctional and unsupported thinking, teach com-
munication skills, use homework-based exercises, promote activity engagement, 
and prepare patients to anticipate setbacks in using these new skills  [  85–  87  ] . These 
tasks help patients identify and modify signi fi cant problems in adjusting to persis-
tent symptoms and the framework is malleable and can be used in settings of one-
to-one engagement or group settings as is often found in multidisciplinary pain 
management programs. 

 Recent UCPPS treatment models optimized for a psychosocial Risk Factor 
Reduction Program (RFRP) have been proposed  [  88  ]  and recently examined for 
feasibility in men suffering from CP/CPPS  [  89  ] . The goals of the RFRP are similar 
in nature to those of most CBT approaches and are designed to target stress, social 
support, catastrophizing, and mood. Issues of sexual functioning are usually drawn 
into sessions focused on partner support and couples issues, but the RFRP does not 
address histories of sexual abuse directly because the RFRP is a present focused 
intervention. It is recommended that adjunctive treatment should be pursued by 
referral in cases where previous abuse is a point of concern. 

 The four major goals of the RFRP are to: (1) Initiate a  sense of hope  by helping 
patients establish the belief that the self-management of their symptoms can shift 
from a state of being devastating to manageable. (2) Promote  self-ef fi cacy  in symp-
toms management through the acquisition of new thinking- and new wellness-
focused behavioral coping strategies. New strategies such as non-catastrophic 
thinking, positive self-coping statements, and mild–moderate exercise (i.e., walking 
program) are suggested to and evaluated by patients. The practice of new skills 
allows patients to stop being reactive in the face of their symptoms providing a 
sense of mastery. (3) Break established patterns of  schema-based automatic think-
ing . In the RFRP, the practice of self-management skills takes direct aim at breaking 
patterns of negative or catastrophic thinking with the “Reaction Record” tool (see 
Fig.  10.1 ). The use of the Reaction Record allows patients to build con fi dence that 
they have the ability to evoke change in the management of their condition. 
(4)  Facilitate long-term adjustment  by helping patients anticipate problems with 
their attempts at self-management. The closing session of the RFRP provides 
explicit education and discussion about self-management into the future. Patients 
are encouraged to practice their new skills on a regular basis, not just in times of 
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perceived need. It is suggested that the RFRP can be adapted for use within group 
settings, which allows patients to share their experiences and in the process normal-
ize their experiences when viewed in others.  

   Management Suggestions 

 Treatment models optimized for psychosocial risk factor reduction highlight the 
importance of rational wellness-focused thinking along with social and behavioral 
adaptation  [  88  ] . Urologists can have a signi fi cant impact on patient adjustment and 
the doctor–patient relationship is the key. Patient factors such as anger, noncompli-
ance, and having an external locus of health control (needy, demanding) are associ-
ated with complex doctor–patient relationships. Physician factors predominantly 
include weight of workload (too rushed, not available) or physician communication 
skills or personality (low empathy)  [  90  ] . Of course, factors inherent to the health 
care system ( fi nancial pressure, availability of referral resources) are expected to 
hold some in fl uence as well. How a physician is affected by his or her professional 
concerns and challenges of the health care system are primary factors in doctor–
patient relationship quality  [  91  ] . 

  Fig. 10.1    Cognitive-behavioral thought analysis model used in psychosocial risk factor reduction 
program ( © D.A. Tripp 2010 )       
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 Patient stress and negative self-talk are crucial to how patients feel and behave, 
and programs promoting the identi fi cation and disputing of such patterns are suc-
cessful in other pain-associated conditions  [  88  ] . Stress is a disorder of the mind 
and body. Thus, simply talking, exhibiting empathy, and offering clinical advice to 
patients about their interpretations of stressful events and their reactions to them 
can help patients adjust. Patients can be “stressed” by their environment, which 
diminishes life satisfaction and emotional adaptation. Suggesting that patients 
engage their physical and social world as best they can in spite of symptoms is also 
recommended  [  88  ] , because activities like walking and social engagement are 
associated with improved stress reduction and QoL in other chronic pelvic pain 
conditions  [  92  ] . 

 New social support and BPS research provides insights into patient management. 
For example, women with BPS bene fi ted from spousal distraction to pain behavior, 
showing a diminishing impact of pain on their mental QoL, suggesting that discus-
sions about spousal supportive should be addressed and/or adjunctive psychosocial 
interventions can be considered. Brief psychoeducational interventions for spouses 
on patient pain could be delivered by nurses or in a support group setting. Couple 
therapy has shown bene fi t to arthritis patients  [  93  ]  but research is needed to identify 
any differences between arthritis and BPS samples. Research also suggested that 
“venting,” or focusing on the negative emotional aspects of BPS, may not be pro-
ductive for patients. Rheumatoid arthritis patients who reported using this strategy 
in some social environments were more likely to show greater severe disease status 
with time as well as increased distress  [  94  ] . The pitfalls of such a strategy can be 
discussed with patients from within a supportive approach. 

 Helplessness catastrophizing is a predominant pain and QoL predictor in BPS 
and is often present in pain durations between 4 and 7 years  [  95  ] . Therefore, the 
present relation between helplessness and pain may not be speci fi c to BPS but may 
be a manifestation of suffering from persistent pain. Developing from initial rumi-
nation and magni fi cation of their pain and the threat it poses to their life, enduring 
pain symptoms in the context of ineffective medical therapy likely generates feel-
ings of helplessness. Interventions targeting catastrophizing and helplessness have 
been shown to be feasible and to have particular value in reducing catastrophizing 
 [  89  ] . Programs such as RFRP are expandable and patient speci fi c because the pri-
mary targets are developed from pertinent empirical literatures  [  88  ] . This type of 
treatment provides an optimistic speculation in BPS because behavioral therapy 
showed a reduction in disability and pain that was partially mediated by reducing 
catastrophizing  [  96  ] . In short, models for the amelioration of many psychosocial 
risk factors exist and need to be adapted for BPS. 

 Although sexual dysfunction is common in female BPS, there is little discussion 
about standardized treatment. Urologists should be aware of the types of treatments 
to reduce sexual dysfunctions associated with BPS. The  fi rst step to awareness is 
assessment; thus urologists should query women with BPS on sexual functioning 
because many may be reluctant to start such discussions due to embarrassment, 
gender differences between physician and patient, or stigma about discussing sexual 
behavior. Treating the medical aspects of sexual dysfunction is challenging and 
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requires a team effort from urology, physical therapy, and perhaps sex therapy. 
Whenever possible, treatment and psychotherapy must involve the patient’s sexual 
partner to increase social support. This engagement will aid in joint awareness and 
better communication in couples about sexual issues, concerns about intimacy, and 
patient pain. CBT approaches have been successfully used to teach patients pain 
self-management, which focuses on altering unwanted thoughts, feelings, and 
behaviors to gain control over their sexual experiences. For example, CBT has been 
used effectively to reduce vulvar pain among women with vulvodynia  [  97  ] . 

 Medication use data suggest that anxiety and depression may be more dif fi cult to 
treat in patients with urological pain syndromes than in controls  [  73  ] . Thus, a referral 
for talk therapy may be a useful form of treatment for more serious depression in 
UCPPS patients  [  36  ] . A model was proposed for UCPPS psychosocial risk factors 
(depressed mood, social support, catastrophizing)  [  88  ] , and a recent feasibility study 
examined these speci fi c factors  [  89  ] . Although depressive symptoms did decrease, 
they did not signi fi cantly change over the course of the feasibility trial. Caution is 
always to be exercised when managing depression and notable depression should be 
monitored appropriately by the clinic nurse or by a referred practitioner, particularly 
under suspicions of suicidal tendencies. Due to the strong comorbidity of depression 
and BPS it is suggested that routine screening be available for all incoming patients. 

 The management of previous sexual or physical abuse in patients may be one of 
the most challenging tasks of healthcare professionals but this is no reason to shy 
away from the issue. It is important for clinicians to empathically query in hopes of 
eliciting an abuse history and be prepared to provide support and appropriate refer-
rals to mental health professionals or community agencies. BPS with abuse may 
present with a different pathophysiology, implying that abused patients may respond 
to therapy differently  [  80  ] . By its nature, abuse may lead patients with chronic pel-
vic pain to central sensitization and limbic dysfunction that might respond to pelvic 
 fl oor physiotherapy and/or antidepressant pharmacotherapy  [  98  ]  but such treatment 
approaches wait on satisfactory trials.  

   Concluding Comments 

 BPS is a chronic pain condition, to be examined in light of the theory and research 
related to the physiology of pain and the psychological suffering that such conditions 
manifest. In this sense, pain and other associated prominent BPS symptoms cannot 
be viewed from a biomedical model. By its nature, pain is more than a physical phe-
nomenon but rather a complex physical, emotional, and interpersonal fusion associ-
ated with negative outcomes. The research and suggestions offered in this chapter 
help emphasize the role that psychosocial risk factors play in patients’ responses to 
BPS symptoms. The urologist must consider the in fl uences of an individual’s prior 
history with pain, their cognitive pain appraisals (catastrophizing), and the social 
milieu in which the pain occurs. In cases of females with BPS,  empathy and directive 
advice from physicians may be helpful when combined with appropriate referrals.       
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         Introduction 

 Sexual function is a primary predictor for mental quality of life (QOL) in the BPS 
patient, but is often overlooked by clinicians  [  1  ] . The presenting chronic symptoms 
of BPS, or those of comorbid conditions such as pelvic  fl oor dysfunction, vulvo-
dynia,  fi bromyalgia, or migraine headache, can negatively affect sexual intimacy 
resulting in depression and alterations in sexual functioning to the point of avoid-
ance of sexual intimacy altogether  [  2,   3  ] . This chapter explores the relationship 
between interstitial cystitis, chronic pain, and sexual dysfunction, along with its 
physical and psychological impacts on patients and their partners.  

   Sexuality, Pain, and Sexual Dysfunction 

 Sexuality is a multi-faceted, physical, psychological, emotional, and spiritual experi-
ence incorporating intimacy, sensuality, and one’s sexual identity. A delicate bal-
ance normally exists between these factors, which, in turn, is essential for a 
satisfactory sexual response. The sexual response has been rede fi ned since Masters 
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and Johnson’s landmark work in 1966 as a  fl uid process of excitement, arousal, 
tension release, and re fl ection that is unique to each person. 

 Patients may have their own “typical” response pattern, but factors such as 
chronic pain may play a large role in altering that pattern with frequent patient com-
plaints of decreased arousal, painful sexual activity, decreased libido, lowered self-
con fi dence, and less frequent sexual encounters (Table  11.1 )  [  4–  6  ] . Diseases or 
syndromes intertwined with chronic pain that have a known effect on sexual func-
tion include  fi bromyalgia, ankylosing spondylitis, rheumatoid arthritis, osteoarthri-
tis, depression, back pain, interstitial cystitis, and chronic prostatitis  [  7–  14  ] . Ambler 
et al. surveyed 300 men with chronic back pain of whom 73 % reported some form 
of sexual dif fi culty  [  4  ] . Sexual dysfunction has been reported in 50–78 % of chronic 
pain patients  [  4–  6,   15  ]  with complete cessation of sexual activity identi fi ed in up to 
40 %  [  5,   16,   17  ] .  

 Sexual dysfunction can also have implications for the patient’s partner including 
a decline in sexual activity and reduced relationship satisfaction  [  5,   16  ] . Desrosiers 
et al. surveyed 43 couples in which the woman suffered from vulvodynia. Frequency 
of intercourse per month, relationship characteristics, and psychosexual functioning 
of the couple were evaluated. The frequency of sexual intercourse reported by vul-
vodynia patients was found to be signi fi cantly lower than that of an age-matched 
cohort (4.52 times/month, 7.5 times/month,  P  < 0.01, respectively)  [  18  ] . Martua 
et al. interviewed 66 chronic pain patients and their spouses independently to exam-
ine marital and sexual adjustment. They reported decreased frequency and quality 
of sexual activity in approximately two-thirds of the respondents; 68 % reported 
orgasmic dysfunction, and 58 % reported lack of interest or decreased libido  [  19  ] . 

 The spouse’s perception of the patient’s disability often results in marital dissat-
isfaction and affective stress  [  20  ] . Fitchen et al. reported that male partners of 
women with orgasmic dysfunction were more likely to blame themselves for 
their partners’ dif fi culty or inability to achieve orgasm which elicited stress in the 
relationship as indicated through questionnaires  [  21  ] . The frequent lack of physical 
 fi ndings in the setting of chronic pain may result in the partner’s questioning 
the presence and severity of pain. Over time, many partners begin to believe that 
the patient does not have a physical problem, but rather is creating pain due to 

   Table 11.1    Effects of chronic pain on sexuality   

 Decreased libido 

 Alteration in sexual arousal 
 • Decreased transudation 
 • Erectile dysfunction 
 • Subjective lack of pleasure 
 Orgasmic dysfunction 
 • Anorgasmia 
 • Prolonged time to orgasm 
 • Decreased amplitude of orgasm 
 Dyspareunia (both men and women) 
 Avoidance of sexual activity/sexual intimacy 
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disinterest or lack of attraction. Jodoin et al. theorized that this is a salient factor 
promoting increased stress and can ultimately cause relational distress  [  22  ] . 

 Indirect, but often profound, in fl uences of pain upon sexual function include a 
negative self-image due to fatigue, pain, dis fi gurement, medication side effects, and 
dependency  [  23  ] . Partners also have a great in fl uence in the modulation of pain, 
especially a man’s intercourse-speci fi c behavioral reactions  [  16,   18,   24–  26  ] . Chronic 
pain patients report higher rates of depression, disability, and pain when their part-
ners respond negatively or with hostility, solicitously, and/or they respond by trying 
to distract the patients from focusing on their pain  [  27–  29  ] . 

 With reference to vulvodynia, Desrosiers et al. postulated that solicitous reac-
tions from the male partner could reinforce catastrophizing behaviors  [  18,   29–  31  ] . 
Partner hostility, and their negative responses to the patient’s pain, can increase 
depression and anxiety and impact pain and sexual functioning in women with 
chronic conditions such as BPS, pelvic  fl oor dysfunction, vulvodynia, IBS, and 
endometriosis  [  9,   18,   31  ] .  

   Bladder Pain Syndrome and Sexual Dysfunction 

 When compared with sexually active women without BPS, women with BPS who 
were sexually active were more likely to have alterations in sexual functioning 
domains including arousal, lubrication, desire, satisfaction, orgasm, and pain as 
evaluated on the Female Sexual Function Index (FSFI)  [  12  ] . Azevedo et al. con-
ducted an ethno study that consisted of structured interviews of men and women 
diagnosed with BPS ( n  = 11 and  n  = 38, respectively). Narrative data were qualita-
tively analyzed and  fi ve domains relating to sexual dysfunction and BPS were 
identi fi ed: consequences of illness, kinds of loss, kinds of pain, steps in dealing with 
illness, and ways to feel. They concluded that the persistent pain associated with 
BPS impacts both the physical and emotional aspects of sexual intercourse  [  32  ] . 
Nickel et al. evaluated QOL and sexual functioning in women with BPS ( n  = 128) 
for 32 weeks during treatment of pentosan polysulfate sodium (PPS). They reported 
signi fi cant improvement in symptom and sexual functioning scores: the mean 
change in sexual functioning score from baseline to week 32 was    −2.97 ( P  < 0.00001). 
Patients treated with PPS demonstrated an improved QOL, which positively corre-
lated with improved sexual functioning  [  33  ] . This suggested that in patients with 
severe BPS, reduction of symptoms is associated with positive patient-reported out-
comes, and sexual functioning is an important predictor of physical QOL in patients 
with and the only strong predictor of mental QOL  [  1,   33  ] . Contrary to previous 
 fi ndings, Tripp et al. found that sexual function was not a signi fi cant predictor of 
poorer physical or mental QOL in BPS patients  [  34  ] . 

 Dyspareunia may be derived from BPS or common comorbid conditions such as 
endometriosis, irritable bowel syndrome, pelvic  fl oor myalgia, or vulvodynia  [  11, 
  35  ] . Up to 87 % of women with chronic bladder conditions report dyspareunia  [  36  ] . 
In a survey of 565 women with BPS, more women reported pain localized to the 
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vaginal area than to either the lower abdominal or suprapubic areas (60.8 vs. 56.7 
and 53.2 %, respectively)  [  37  ] . Gardella et al. compared women with BPS ( n  = 47) 
to those without ( n  = 47) for characteristics of vulvodynia. The prevalence of vulvo-
dynia was 85.1 % in patients with BPS compared to 6.4 % in those without the 
disease ( p  < 0.0001). Dyspareunia was described as “unbearable” in 31.9 % of the 
BPS group (15 of 47) and 4.3 % of the control group (2 of 47;  p  = 0.001). Median 
total scores of the FSFI demonstrated signi fi cant sexual function impairment in 
women with BPS (13.8) compared to controls (28.7;  p  < 0.0001)  [  35  ] . 

 Sexual pain experienced with BPS may be exacerbated by psychological factors 
such as fear, anxiety, and depression  [  11,   38  ] . 54 % of BPS patients report avoid-
ance of sexual intimacy due to pain resulting in negative outcomes for both the 
patient and her partner  [  39  ] . The result is often decreased sexual interest, feelings of 
inadequacy, isolation, and depression (Fig.  11.1 ).  

 Ginting et al. examined the impact of spousal response to BPS patient pain. 
Contrary to previous  fi ndings in the chronic pain literature, they concluded that in 
patients with BPS, distracting spousal responses from their pain may diminish 
psychological distress by preventing rumination  [  40  ] . 

 Most of our understanding regarding sexual dysfunction in the male BPS patient 
originates from the clinically similar chronic prostatitis/chronic pelvic pain patient 
population  [  41  ] . The location of pain in the CP/CPPS patient is commonly described 
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  Fig. 11.1    The trickle down and cycling effects of chronic pain upon sexuality in IC/BPS.  IBS  
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as perineal, testicular, or penile; and may radiate to other areas of the pelvis, lower 
abdomen, upper legs, and lower back  [  13  ] . A common feature of CP/CPPS is pain-
ful ejaculation. A prospective, longitudinal study sponsored by the NIDDK showed 
that close to 50 % of men with CP/CPPS reported intermittent ejaculatory pain, 
24 % reported pain with every ejaculation, and 26 % reported no pain or post-ejac-
ulatory pain ( n  = 486)  [  42  ] . Fifty men with CP/CPPS were compared to a control 
group of 75 men comprising 25 with BPH and 50 with sexual dysfunction. 
Ejaculatory pain was more prevalent in men with chronic prostatitis than in men 
with BPH or sexual dysfunction ( P  = 0.07 and  P  < 0.01, respectively)  [  43,   44  ] . The 
effects of CP/CPPS on sexual function were evaluated through the use of the Pelvic 
Pain Symptom Survey (PPSS), an instrument with varied questions relating to sex-
ual function. They found that 56 % of men (81/146) with refractory CP/CPPS had 
pain with ejaculation  [  45  ] . Forrest et al. reported that in men diagnosed with BPS 
( n  = 92), sexual dysfunction occurred in 60 % with the most common complaint 
being painful ejaculation  [  46  ] . 

 There is a vast discrepancy in the reported prevalence of erectile dysfunction 
(ED) in men with CP/CPPS and BPS, ranging from 0.6  [  47  ]  to 48.3 %  [  14  ] . Factors 
that contribute to this variance may be poor research methods including lack of 
longitudinal studies, poor sampling methods, and the absence of detailed sexuality 
questions on the Chronic Prostatitis Symptom Index (CPSI)  [  13  ] . Decreasing male 
sexual function has been associated with increasing age; however, in the CP/CPPS 
population, ED may affect men indiscriminately  [  45,   48  ] . In general population 
surveys, ED is reported in approximately 1–3 % of men 40–54 years of age and 
25 % of men 50–78 years of age  [  49,   50  ] . Comparatively, Anderson et al. report that 
of 146 men with a con fi rmed diagnosis of CP/CPPS, with a mean age of 42 years, 
48 % report dif fi culty achieving erection ( n  = 70) and 44 % dif fi culty maintaining 
erection ( n  = 64)  [  45  ] . Only 10 % of the men were over the age of 60. Sexual dys-
function was highly prevalent among the CP/CPPS cohort. 92 % of the men reported 
one or more symptoms. In the absence of CP/CPPS, the authors concluded that the 
occurrence of sexual dysfunction in men in the early to mid  fi fth decade of life 
would be highly unexpected  [  45  ] . Davis et al. suggested ED in these patients, who 
are in their 30s and 40s, can have greater negative psychosocial effects due to the 
fact that these men are more likely to be in new relationships or in the process of 
forming them  [  13  ] . Self-reported prevalence of sexual dysfunction in men with 
CP/CPPS ( n  = 296) was found to be 72 % ( n  = 214). Men who reported both ED and 
ejaculatory dif fi culty reported worse CP/CPPS symptoms ( P  = 0.042) and worse 
QOL ( P  = 0.006)  [  14  ] .  

   Psychological Effects of BPS on Sexual Function 

 Coping with chronic pain is life-long for some patients with BPS. They must con-
tinually assess stress, their cognitive, behavioral, and emotional responses, and sub-
sequent reassessment of the situation  [  51  ] . Patients in chronic pain tend to cope in 
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one of two ways, either through active or passive coping. Active coping is associ-
ated with less pain, depression, functional impairment, and a greater self-ef fi cacy 
 [  51  ] . Active coping includes skills such as problem solving, collecting information 
and refocusing on the problem, and regulation of emotions. Conversely, maladaptive 
coping, such as avoidance and escape, results in greater depression, pain, episodes 
of disease “ fl are-ups,” functional impairment, and lower self-ef fi cacy  [  51  ] . 

 Pain can disrupt the sexual response cycle. Patients who suffer from recurrent 
pain with sexual activity begin to associate pain with the activity. This anticipa-
tion of pain many times leads to decreased libido and arousal. The resultant lack of 
lubrication may then increase the pain further, making the experience overall unsat-
isfying and painful, perpetuating avoidance behavior. This can lead to a cycle of 
negative self-image, anxiety, loss of self-esteem, grief, and depression. In chronic 
pain syndromes, partner verbal and nonverbal reactions to the patient’s pain response 
have been identi fi ed as pain intensity predictors  [  16,   24,   26  ] . 

 Multidisciplinary therapy with referral to a certi fi ed sex therapist is often 
needed for BPS patients. Breton et al. evaluated 47 women with chronic pain with 
four 2-h cognitive behavioral therapy (CBT) sessions aimed at improving sexual 
function. They reported improved sexual function between pre-group and post-
group scores on the Sexual Activity Questionnaire ( P  < 0.05)  [  52  ] . CBT has been 
shown to be ef fi cacious in decreasing pain severity and affective distress and 
improving sexual function and self-ef fi cacy in other chronic pain syndromes 
such as vulvodynia, chronic prostatitis, low back pain, rheumatoid arthritis, and 
 fi bromyalgia  [  53–  55  ] .  

   Managing BPS and Sexual Function 

 The symptoms of BPS and comorbid conditions must be controlled before any note-
worthy improvement in sexual dysfunction can occur. An accurate and detailed his-
tory and physical examination are therefore of great importance to achieve an 
accurate assessment and treatment strategy. Q-tip testing for pain, identi fi cation of 
pelvic  fl oor muscle tenderness, intravesical anesthetics, voiding diaries, and correla-
tion of food, stress, or sexual activity triggers are various methods used to distin-
guish pain generators. 

 Initial treatment often includes behavior modi fi cation and dietary changes. 
Pharmacological treatment may include agents that improve pain and other urinary 
symptoms. While these medications can be ef fi cacious in treating urinary and pain 
symptoms, they may have untoward effects on sexual function including decreased 
libido and arousal, erectile dysfunction, as well as orgasmic dysfunction (Table  11.2 ) 
 [  1,   23  ]  .   

 Although sexual dysfunction in the BPS population is common, assessment is 
often neglected. Zelman et al. conducted a survey of 281 pain clinicians to determine 
their awareness of sexual concerns among patients with pain, whether they typically 
ask the patient about their sexual problems, and their intervention strategies  [  15  ] . 
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   Table 11.2    Commonly used medications for BPS and sexual side effects   

 Drug class  Examples of medications  Possible sexual side effects 

 Anticholinergics  Oxybutynin, tolterodine, 
trospium, solifenacin, 
   hyoscyamine 

 Vaginal dryness, fatigue, dry mouth, halitosis 

 Alpha-blockers  Tamsulosin, silodosin, 
alfuzosin, dutasteride 

 Retrograde ejaculation, ED, decreased libido, 
gynecomastia* 

 (*found with the use of dutasteride) 
 SNRIs  Duloxetine, venlafaxine, 

desvenlafaxine, 
milnacipran 

 Weight changes, fatigue/somnolence, 
decreased libido, hyperhidrosis, nausea, 
headache, prolonged time to orgasm*, 
anorgasmia*, ED*, decreased libido* 

 (*found to effect only men using duloxetine) 
 SSRIs  Escitalopram,  fl uoxetine, 

paroxetine, citalopram, 
   sertraline 

 Decreased libido, prolonged latency to 
orgasm, anorgasmia, genital anesthesia, 
weight changes, ED, hyperhidrosis, 
nausea, fatigue/somnolence 

 Tricyclic 
antidepressants 

 Amitriptyline, nortrip-
tyline, imipramine, 
doxepin 

 Fatigue, nausea, weight gain, decreased 
libido, prolonged latency to orgasm, 
anorgasmia, vaginal dryness, hyperhidro-
sis, (women: breast enlargement, 
galactorrhea; men: testicular swelling, 
gynecomastia)* 

 (*with amitriptyline) 
 Antihistamines  Hydroxyzine  Fatigue, vaginal dryness 
 Neuroleptics  Gabapentin, pregabalin, 

topiramate 
 Fatigue, weight gain*, decreased libido, 

emotional labiality, hostility, thought 
disorder 

 (*with gabapentin and pregabalin; weight 
loss/anorexia is associated with 
topiramate) 

 Skeletal muscle 
relaxants 

 Cyclobenzaprine, 
carisoprodol, 
metaxalone, tizanidine, 
diazepam 

 Fatigue, decreased libido, GI upset 

 Benzodiazepines  Diazepam, alprazolam  Fatigue, impaired coordination/attention, 
decreased libido, prolonged latency to 
orgasm, anorgasmia, vaginal dryness 

 Narcotics  Oxycodone, hydrocodone, 
morphine, hydromor-
phone, meperidine, 
   fentanyl 

 Fatigue, headache, GI upset, mood changes, 
decreased libido, ED, vaginal dryness, 
prolonged latency to orgasm, anorgasmia 

 DMSO  Associated halitosis 

  The following medications are frequently used in the management of BPS and its associated 
comorbid conditions. While they may improve sexual function and QOL through management of 
the primary pain syndrome  [  33  ] , the side effects of these medications that adversely impact 
patients’ sexual functioning may outweigh the bene fi ts. Physiological side effects of the medica-
tions listed below are not limited to the DSM-categories of sexual dysfunction. Included in this list 
are side effects that may impact patients’ psychosexual response to the medication. For example, 
if weight gain is a side effect of a medication, it may have a negative effect on a patient’s self-
esteem subsequently altering his or her psychosexual response. Nausea and headache may cause 
decreased libido and/or arousal in some patients  
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Only  30 % of those surveyed regularly inquire about sexual function, 50 % believed 
sexual dysfunction was rare in the chronic pain population, and referrals to special-
ists such as sex therapists or urologists were scarce. 53 % of the respondents reported 
that the main barrier to discussing sexual function with patients was concern over 
embarrassment or offense to the patient  [  15  ] . 

   Communication 

 Communication is fundamental to a healthy sexual relationship. Women in chronic 
pain reported that through communication with their partners about their sexual 
relationship, they went from feeling isolated and stigmatized to feeling connected 
and empowered  [  52  ] . BPS patients must communicate openly and honestly not only 
with their partners but also with their clinician. Discussing which activity or posi-
tions are painful, bringing the partner to an of fi ce visit, seeing a certi fi ed sex thera-
pist, or going to support groups are all ways to enhance communication.  

   Self-Care 

 Self-care measures can help patients maintain sexual intimacy, thereby giving them 
a sense of control over their chronic illness  [  11  ] . If patients experience penetrative 
dyspareunia, they and their partners can explore alternatives such as “outercourse” 
and oral, anal, or manual sex play. They can also experiment with different positions 
for comfort, such as side-lying aka “spooning” or reverse missionary aka “woman-
on-top,” limit thrusting time or change thrusting motion to a “circular motion,” use 
of a hypoallergenic lubricant to reduce urethral and vaginal irritation  [  56  ] , and pre- 
and postcoital voiding to help alleviate bladder pressure during thrusting and 
orgasm  [  39  ] . Some BPS patients  fi nd it helpful to premedicate prior to sexual activity 
with analgesics, muscle relaxants, anticholinergenics, topical anesthetics, or intrav-
aginal/intrarectal muscle relaxants. After intercourse, patients can use ice or topical 
anesthetics to ease pain and burning.  

   Changes in Sexual Scripts 

 Often, patients with BPS need to change their sexual scripts to maintain intimacy 
and sexual functioning in their relationship. What used to be arousing and satisfying 
for the couple may now be a source of pain. Patients and their partners need to 
explore new ways to become intimate, which at times may exclude penetrative 
intercourse altogether. Couples should be encouraged to negotiate sexual script 
changes prior to engaging in sexual activity. The bedroom is not the place for these 
discussions. 
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 Couples oftentimes need to go “back to the basics” and reinstitute  fl irting, sex-
texting (sexual  fl irting via text messaging), and touch into their repertoire. The focus 
should be on the experience, the intimacy, and the arousal. Orgasm is not the goal. 
The couple should discuss what was pleasurable and what was painful, what they 
liked and what they did not like. Keeping the lines of communication open will help 
facilitate a healthy relationship, promote intimacy, and foster positive sexual 
function.   

   Conclusion 

 Sexual dysfunction is common and often devastating to the QOL of the BPS patient. 
Pain associated with BPS and comorbid conditions appears to be the central under-
pinning of dysfunction. Multifaceted secondary occurrences such as sexual fear, 
depression, loss of intimacy, and even the adverse effects of “therapeutic” medica-
tions may perpetuate or escalate the problem. Therapy lies in treating the patient on 
multiple fronts, with an emphasis on communication between the patient and his or 
her partner.      
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         Introduction 

 The cardinal symptoms of bladder pain syndrome (BPS) are four: pain perceived to 
be from the bladder, urinary urgency and frequency, and nocturia  [  1  ] . Over 200 BPS 
patients were asked which of these symptoms were “the worst part of IC”: 87% said 
pain, 44% frequency, 43% urgency, and 34% nocturia (obviously, some said more 
than one was the “worst”) (J.W. Warren, unpublished data). 

 This chapter discusses each of these four, brie fl y comments upon other symp-
toms experienced by BPS patients, critically reviews symptom questionnaires often 
used to diagnose BPS, and concludes with a discussion of the possible role of symp-
toms in helping to reveal the pathogenesis of BPS.  

   Pain 

 Several investigators have elicited detailed descriptions of the pain of BPS  [  2–  4  ] . 
“Pain, pressure, or discomfort” appears to be appropriate phraseology to ask about 
this pain: 95% of female BPS patients endorsed this language as a good way to 
describe their sensations  [  4  ] . 

 Some studies have used drawings of the anterior, posterior, and perineal views of 
the body upon which the patient shades in sites of pain. In one such study  [  4  ] , 2/3 of 
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226 BPS patients reported multiple pain sites. Adjectives from the McGill Pain 
Index  [  5  ]  commonly used to describe all sites were “aching,” “pressing,” “throb-
bing,” “tender,” and “piercing.” Almost all shaded areas could be consolidated into 
four sites: 83% of patients noted suprapubic pain, 36% urethral pain, 23% genital, 
and 29% reported non-genitourinary sites (mostly low back but also anterior thighs, 
buttocks, and posterior thighs). The pattern of suprapubic > urethral > genital > non-
genitourinary also corresponded to the proportions of pain at each of these sites that 
changed with the urinary cycle. For instance, 76% of suprapubic pains worsened 
with bladder  fi lling compared to 58% of urethral pains, 43% of genital pains, and 
32% of non-genitourinary pains  [  4  ] . 

 Other activities that were associated with change of BPS pains are noted in  [  4  ] . 
Of substantial interest is that 85% of BPS patients claimed that certain food or drink 
worsened their symptoms. This phenomenon has long been a known part of BPS 
and recently has been studied in detail by Shorter et al.  [  6  ] . They reported that 
92/102 (90%) BPS cases noted that at least one food or drink worsened their BPS 
symptoms. Of 175 comestibles queried, 35 substantially worsened symptoms; 
prominent among them were coffee, tea, sodas, alcoholic beverages, some fruits and 
fruit juices, tomatoes, hot peppers, spicy foods, and certain arti fi cial sweeteners. 
The authors concluded that BPS patients should experiment with avoiding capsai-
cin, citrus fruits, caffeine, and alcoholic and carbonated drinks. Interestingly, 75% 
of BPS cases also noted that large meals worsened their BPS symptoms. 

 Pain perceived to be from the bladder has become the sole necessary criterion 
of BPS  [  7–  9  ] . Recently investigators asked patients why they perceived the pain 
of BPS to be from the bladder and recorded their responses  [  10  ] . Of 179 cases, 
41% noted the location of pain; 34% pain increasing with bladder  fi lling and/or 
decreasing with bladder emptying; 31% claimed the association of urgency and/
or frequency; 23% described pain worsening during and/or after urination; and 
17% mentioned the concurrence of other urinary symptoms. We note that these 
were verbatim answers to a speci fi c question and that patients could have experi-
enced other sensations  [  4  ]  but not reported them in answer to this particular 
query. 

 In a discussion of BPS pain, a special mention should be made of urethral or 
genital pain sites. In addition to the McGill Pain Index adjectives above, urethral 
and genital pain sites were more likely than other sites to be described as “burning,” 
“stinging,” and “sharp”  [  4  ] . Moreover, urethral pain worsened with voiding, and 
genital pain worsened with touch, tampon insertion, and vaginal intercourse. Patients 
with such pains might be diagnosed with chronic urethral syndrome and vulvo-
dynia, respectively. However, BPS cases with urethral or genital sites of pain did not 
differ from those without such sites in numerous patient characteristics  [  4,   11  ] . 
Peters et al. similarly noted that of 70 BPS patients, those with and without vulvar 
tenderness did not differ in important patient variables  [  11  ] . This type of compari-
son, known as identity of patient characteristics, has been used in other explorations 
to distinguish or consolidate diseases  [  12–  14  ] . These data suggest that when ure-
thral or genital pain is present in BPS patients, it usually is part of BPS and not a 
separate disease. 
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 In the general population, the proportion of chronic urethral syndrome and 
 vulvodynia patients who actually have BPS is unknown. However, we  fi nd it inter-
esting that many patients who have been diagnosed with “chronic urethral syn-
drome” have frequency, urgency, and suprapubic pain  [  15  ]  and that large minorities 
of vulvodynia patients have urgency and frequency  [  16  ] . A reasonable hypothesis 
would be that many such patients actually have BPS.  

   Urgency 

 The Standardization Subcommittee of the International Continence Society in 2002 
de fi ned urgency as “a sudden compelling desire to pass urine, which is dif fi cult to 
defer”  [  17  ] . Three years later two of the experts in this group were among the 
authors of an opinion piece suggesting that this description applied more to overac-
tive bladder (OAB) than to BPS  [  18  ] . 

 Two studies have used questions to explore the nature of urgency in BPS. 
Greenberg et al. found that 65% of BPS patients reported that the urge to void was 
to relieve pain and 21% to prevent incontinence  [  19  ] . Clemens et al. compared BPS 
to OAB patients  [  20  ] . Among BPS patients, they found results similar to Greenberg 
et al.: 87% reported that the urge to urinate was “mainly because of pain, pressure, 
or discomfort” and 11% to avoid incontinence. Interestingly, they found that 42% of 
the OAB patients reported that their urgency was “because of pain, pressure, or 
discomfort” and only 49% that it was because of fear of incontinence. About 60% 
of each of the BPS and OAB groups reported that urgency started “suddenly,” as 
opposed to over minutes or hours. 

 The de fi nition and characterization of urgency are controversial at this point. 
Although many BPS patients complain of urgency, it is not a requirement for diag-
nosis of BPS. 

 We believe that the substantial overlap in descriptions of urgency by BPS and 
OAB patients precludes the use of urgency by itself to discriminate between these 
two syndromes.  

   Frequency 

 Reaching consensus on the de fi nition of abnormal urinary frequency has been 
deceptively dif fi cult. Increased daytime frequency has been de fi ned by the 
International Continence Society as “the complaint by the patient who considers 
that he/she voids too often by day”  [  17  ] . However, large variation in the bother of 
urinary frequency  [  21  ]  makes this approach subject to question. 

 Data suggest that urinary frequency in women can be de fi ned as regularly having 
to void at intervals of less than 3 h  [  22,   23  ] . Based on a ninetieth percentile cutoff to 
determine the ranges of normality, in the fourth decade of life, for instance,  “normal” 



180 J.W. Warren and P.M. Hanno

frequency is up to six times for men and nine times for women  [  24  ] . But frequency 
is obviously dependent upon  fl uid ingestion and the number of voids per volume of 
intake may be more accurate than an absolute number. 

 However abnormal frequency is de fi ned, many patients with BPS have it. The 
Interstitial Cystitis Data Base used 3-day voiding logs and reported this distribution 
of urinary frequency: <10 times/day, 33%, 11–14 times/day, 28%; and  ³ 15 times/
day, 40% of BPS patients  [  3  ] . Anecdotal information indicates that some BPS 
patients have  ³ 50 urinations per day, an experience that much limits their activities. 
The reason for the urinary frequency of BPS is considered but not proven to be a 
result of the abnormal urge to void.  

   Nocturia 

 The International Continence Society  fi rst de fi ned nocturia in 2002: “The number of 
voids recorded during a night’s sleep: each void is preceded and followed by sleep” 
 [  25  ] . Of women older than 40 years, 25% have nocturia at least once  [  22,   23  ] . 
Because nocturia once a night is common and additionally is associated with mini-
mal bother or change in quality of life  [  26  ] , many investigators have considered 
clinically important nocturia to be two or more episodes/night. 

 Although it is one of the four main symptoms of BPS, nocturia in such patients has 
rarely been investigated. A recent study simply asked BPS patients which of these 
reasons caused them to awaken at night: urgency, pain, noise, or shortness of breath 
 [  27  ] . Of 257 BPS cases, 194 (76%) agreed with urgency, 110 (43%) with pain, 88 
(34%) with noise, and 9 (4%) with shortness of breath. An examination of the interac-
tion of urgency and pain revealed that the largest group, 39% of the total, reported 
both urgency and pain as reasons for awakening. A group of comparable size, 37%, 
reported urgency but not pain. Four percent reported that pain without urgency was the 
reason. Fifty three cases (21%) did not report either urgency or pain as reasons for 
awakening. Considering these data with those exploring urgency above, they suggest 
that pain may play a twofold role in the nocturia of IC/PBS: directly in awakening the 
patient and indirectly in generating the sensation of urgency. 

 The 21% of BPS cases who did not agree with either urgency or pain as reasons 
for awakening at night may constitute an interesting group. They were more likely 
than the other groups to be awakened by noise and had the fewest nocturnal urina-
tions. These cases may wake up and urinate as opposed to wake up to urinate  [  25, 
  28  ] .  

   Other Symptoms 

 Other genitourinary symptoms have been reported by BPS patients  [  2,   29  ]  but 
 comparisons to adequate controls generally have been lacking. These symptoms 
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include dif fi culty starting urine  fl ow (reported by 47% of BPS patients), burning 
with voiding (42%), dif fi culty emptying the bladder (51%), retention of urine (42%), 
and blood in the urine (22%). Some of these may constitute symptoms of pelvic 
 fl oor dysfunction. Sensations perceived to be bladder spasms have been reported by 
61% of PBS patients. Additionally, dyspareunia in the form of pain during inter-
course was reported by 55% of BPS patients, and as pain for days after intercourse 
by 37%.  

   Using Symptoms to Diagnose BPS 

 Pain perceived to be from the bladder as well as urgency, frequency, and nocturia 
are symptoms characteristic of BPS. In the absence of signs, laboratory tests, or 
pathologic abnormalities sensitive and speci fi c for BPS, questionnaires comprising 
these and other symptoms have been proposed as diagnostic tools for BPS. 

 There are three published BPS symptom questionnaires: (1) the University of 
Wisconsin IC Scale, (2) the O’Leary–Sant IC Symptom Index and IC Problem 
Index, and (3) the Pelvic Pain and Urgency/Frequency (PUF) Scale. 

 The University of Wisconsin IC Scale includes seven BPS symptoms  [  30  ] . It has 
not been validated for identi fi cation or diagnosis of BPS. It captures severity of 
symptoms  [  31  ] . BPS patients do not appear to indiscriminately report higher scores 
than controls for different somatic and general complaints  [  32  ] . Unlike the other 
two instruments, it addresses some quality-of-life issues, and this is an advantage 
when such issues are the subject of investigation. Its most attractive aspects are its 
face validity and its ease of implementation. 

 The O’Leary–Sant indices  [  33  ]  comprise a questionnaire that was originally 
developed with the use of focus groups, subjected to test–retest reliability analysis, 
and validated by administration to IC patients and asymptomatic controls  [  33,   34  ] . 
Each of the symptom and problem indices has four questions, one on each of the four 
characteristic symptoms of BPS: bladder-associated pain, urgency, frequency, and 
nocturia. The questionnaire does not address generalized pelvic pain or symptoma-
tology associated with sexual activity but not because these items were not initially 
considered. Indeed, the preliminary instrument comprised 73 questions including 
ones in those domains. However, only the four questions now in each instrument 
were needed to reliably and validly distinguish BPS patients from asymptomatic 
controls  [  35  ] . 

 Another instrument is the PUF questionnaire (Fig.  12.1 )  [  36  ] . It includes ques-
tions that re fl ect a variety of symptoms experienced by BPS patients. One-third of 
the questions address pelvic pain, including pain perceived in the vagina, labia, 
lower abdomen, urethra, perineum, testes, penis, or scrotum. A large study utilizing 
the PUF questionnaire has concluded that up to 23% of American females have BPS 
 [  36  ] . A total score of 10–14 = 74% likelihood of a positive potassium test    (PST); 
15–19 = 76%; and 20+ = 91%. To the extent that the PST is suspect, the reliability of 
PUF data comes into question. Question No. 4 of the PUF, on sexual  activity, is 
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problematic. Patients with identical BPS pain, urgency, frequency, and nocturia who 
are sexually active can gain up to six more points than those who are not. Moreover, 
the latter patients who over time begin sexual activities because they are feeling bet-
ter would at that time receive a worse PUF score.  

 None of the questionnaires has been shown to be of value in diagnosis  [  37  ] , 
though they may suggest those who should be screened further for the syndrome 
 [  38  ] . The O’Leary–Sant and University of Wisconsin instruments correlated strongly 
in a large population of patients with BPS  [  39  ] . Both the O’Leary–Sant and 
University of Wisconsin questionnaires are responsive to change over time and thus 
good for following the natural history of the disorder and the results of treatment. 

  Fig. 12.1    Pelvic pain and urgency/frequency patient symptom scale (PUF). From Keller ML, 
McCarthy DO, Neider RS. Measurement of symptoms of interstitial cystitis. A pilot study. Urol 
Clin North Am. 1994;21(1):67–71. Reprinted with permission from Elsevier       
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A one-category change in a global response assessment, a balanced patient self-re-
port on overall response to therapy, correlated with a 1.2 point change in the O’Leary–
Sant and a 3.1 point change in the University of Wisconsin instruments  [  40  ] . 

 A “Genitourinary Pain Index” adapted from the National Institutes of Health 
Chronic Prostatitis Symptom Index has recently been published and may prove to 
be a useful addition to the questionnaire battery used to follow patients in the 
future  [  41  ] . 

 Preliminary work for a RAND prevalence study of BPS revealed a problem that may 
be generic to symptom-based diagnostic instruments for BPS and indeed may indicate 
more fundamental issues. These investigators reported dif fi culty in  fi nding a single 
symptom-based de fi nition for BPS that had suf fi cient sensitivity and speci fi city to sepa-
rate BPS patients from those with physician-diagnosed OAB, vulvodynia, or endometri-
osis  [  42  ] . The authors noted three possible reasons for the dif fi culty in disentangling 
these syndromes: “   the true overlap of symptoms across these conditions, and ... the 
accuracy of measurement and clinical diagnoses of these conditions.” 

 Indeed, symptoms of other syndromes overlap those of BPS. These include not 
only the pelvic conditions studied by RAND but others such as irritable bowel syn-
drome (IBS) and even systemic syndromes such as  fi bromyalgia. To compound this 
confusion, many of these syndromes with overlapping symptoms are diagnosed in 
the same patient: vulvodynia, chronic pelvic pain, IBS, and  fi bromyalgia are epide-
miologically associated with BPS  [  43–  45  ] . 

 And how good is the accuracy of measurement of these conditions? For instance, 
as noted, the characteristics of urgency of OAB overlap considerably with those of 
BPS. But it may be possible that other overlapping symptoms might be suf fi ciently 
different so as to distinguish between syndromes. Is the pain associated with endo-
metriosis distinctive from that of BPS? What does the patient perceive that convinces 
her that a particular pain is not her IBS or  fi bromyalgia but rather “involves” her 
bladder? In other words, nuances of symptoms might allow discrimination of syn-
dromes. This “splitting” would go against the trend of recent years of “lumping” 
symptoms  [  46  ] . Such work has begun on several of these symptoms  [  4,   19,   20,   47  ] . 

 But what if adequate symptom description still were not able to yield accurate 
clinical diagnoses? A similarity of symptoms, particularly when coupled with the 
comorbidity of these syndromes, may have nosological implications: If boundaries 
cannot be identi fi ed between syndromes, are they different diseases? Almost 1,500 
men and women with urinary symptoms were asked commonly used questions 
about symptoms thought to be characteristic of each of BPS, OAB, benign prostatic 
hyperplasia, and chronic prostatitis/chronic pelvic pain syndrome  [  48  ] . Two impor-
tant  fi ndings emerged. The distributions of symptoms were similar between men 
and women. And within individuals, there was an overlap of the symptoms used to 
classify the different syndromes. These studies again suggest that work should be 
directed at nuances of pain, urgency, and other symptoms that might distinguish 
these pelvic syndromes. More importantly, these  fi ndings raise a provocative ques-
tion which the authors of this comparison phrased as a statement: “If symptoms 
overlap to a large degree, it would imply that the distinction among these various 
syndromes is rather arbitrary”  [  48  ] .  
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   Do the Symptoms of BPS Provide Clues to Its Pathogenesis? 

 To answer this question, a scrutiny of the pain of BPS appears to be critical. Pain 
de fi nes BPS  [  7–  9  ]  and in most patients drives urgency  [  19,   20  ] , nocturia  [  27  ] , and 
presumably urinary frequency. 

 Pain worsening with distention of a hollow organ is an important characteristic 
of visceral pain  [  49  ] . Clinical evidence of this phenomenon supports the involve-
ment of bladder sensation in BPS patients. Eighty-four percent of BPS patients 
claimed that bladder  fi lling worsened their pain; indeed, 94% reported this and/or 
that urination relieved BPS pain  [  50  ] . Additionally, the Interstitial Cystitis Data 
Base generated important but unpublished data of urodynamic studies during which 
conscious BPS patients were asked: “Does this feeling or sensation feel like your 
syndrome?” At the  fi rst sensation to void 224/269 (83%) and at maximal cystomet-
ric capacity 250/268 (93%) answered yes  [  50  ] . These  fi ndings imply that the blad-
der is a viscus involved in BPS  [  50  ] . 

 But these observations do not con fi rm the bladder to be the root cause of BPS. 
This uncertainty in part comes from the concept of central sensitization  [  49,   51,   52  ] . 
The lower spinal cord receives sensory input from pelvic viscera such as the blad-
der, uterus, colon, and rectum as well as somatic structures such as the lumbar back, 
anterior abdominal wall, suprapubic region, anterior thighs, buttocks, and perineum. 
Convergence of afferent nerves at the same second order spinal neuron means that 
noxious stimuli from one pelvic organ can result in perception of pain from these 
other pelvic or somatic sites. And, importantly, the sites of these referred pains can 
themselves manifest allodynia  [  49,   51,   52  ] . Hence, that bladder  fi lling evokes pain 
in BPS does not in and of itself distinguish between the bladder as the pain genera-
tor and the bladder as a referral site of pain that originated from another site. 

 The fact that some foods and drinks worsen the symptoms of BPS does not nec-
essarily solve this conundrum. At least two hypotheses can be generated. The  fi rst 
is that these foods cause physiologic changes in the bowel that through central sen-
sitization are perceived to be from the bladder. The comorbidity of IBS and BPS 
makes this an attractive possibility. Another hypothesis is that compounds in certain 
foods are released in the gut, absorbed into the bloodstream, carried to the kidney, 
and excreted in the urine, and in some way irritate the bladder of BPS patients. 
Consistent with this is the  fi nding that denuded bladder epithelium in BPS patients 
is signi fi cantly associated with the pain of BPS  [  53  ] . 

 And what is more troublesome in comprehending BPS pathogenesis is that more 
patients with BPS than controls have symptoms well outside the pelvis. Many such 
symptoms can be aggregated into syndromes like  fi bromyalgia, chronic fatigue syn-
drome, and migraine. These non-pelvic syndromes are not only associated with 
BPS but also with each other; additionally, many of these syndromes precede the 
onset of BPS. As described in the chapter, Syndromes associated with Bladder Pain 
Syndrome as clues to its Pathogenesis, these symptoms distant to the pelvis suggest 
in some patients that systemic pathophysiologies may be implicated in the patho-
genesis of BPS.  
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   Summary 

 Symptoms are the heralds of disease that prompt a patient to seek medical care. 
It then is the task of the patient and the clinician to reveal suf fi cient description of 
the symptoms so as to make an accurate diagnosis and thus initiate appropriate 
management of the disease. Hence, it is important to understand what sensory sen-
sations BPS patients are experiencing. Open-ended descriptions followed, as neces-
sary, by speci fi c questions should be helpful. Graphic drawings of anterior, posterior, 
and perineal views of the human body may assist the patient in identifying sites of 
pain  [  4  ] . Asking whether the pain “gets worse, gets better, or stays the same” before, 
during, and after urination and other activities offers non-leading options to the 
patient about features that may improve or exacerbate the pain  [  4  ] . 

 Inquiries about the symptoms of BPS may allow the clinician to accurately dis-
tinguish BPS cases from normal individuals. But present information indicates 
dif fi culty in constructing an instrument with adequate sensitivity and speci fi city to 
distinguish BPS from vulvodynia and endometriosis in women, BPH and CP/CPPS 
in men, and OAB and IBS in both sexes. Whether more detailed descriptions would 
be more discriminatory is unclear. Also unclear is the etiologic relationship of BPS 
to these pelvic syndromes and to systemic symptom-based syndromes such as 
 fi bromyalgia, chronic fatigue syndrome, and migraine.      
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         Introduction 

 Bladder pain syndrome (BPS) is a chronic condition of the bladder with symptoms 
of urinary frequency, urgency, and pelvic pain/pressure in the absence of infection, 
carcinoma, or other pathology  [  1  ] . Although the exact etiology of BPS is still an 
enigma, many experts theorize that it is multifactorial and therefore should be con-
sidered part of a visceral pain syndrome  [  2  ] . 

 Adding to the dif fi culty in the diagnostic evaluation of a patient with BPS is the 
overlap of its symptoms with a wide range of other disorders including endometri-
osis, vulvodynia, pelvic  fl oor muscle (PFM) dysfunction, overactive bladder, 
urinary tract infection, irritable bowel syndrome, chronic prostatitis, and chronic 
pelvic pain syndrome  [  3  ] . Due to pain generators originating in the pelvis other than 
the bladder, the diagnosis of BPS becomes even more confounding. On average, 
approximately eight healthcare providers evaluate a patient with BPS symptoms 
over 5–7 years prior to receiving a correct diagnosis  [  4  ] . 

 Recent studies suggest that initiation of therapy early in the disease process leads 
to decreased symptomatology and better overall quality of life for the BPS patient 
 [  5,   6  ] . The caveat is that the diagnostic criteria established by the National Institutes 
of Arthritis Diabetes Digestive and Kidney Disease (NIDDK) in 1987 misses about 
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60% of patients with BPS  [  7  ] . These diagnostic criteria were developed for patient 
recruitment into research trials, not clinical practice. Currently there is no “de fi nitive 
diagnostic test” for BPS and to date there are no biological markers to aid in the 
diagnostic process. Because of this, many clinicians regard BPS as a “diagnosis of 
exclusion” and make empirical diagnoses based on patient symptomatology  [  1  ] . 
Therefore, it is imperative that clinicians be able to identify symptoms associated 
with BPS in order to make a timely and accurate diagnosis. The most common symp-
toms patients present with are frequency, urgency, nocturia, and suprapubic pain or 
pressure/discomfort  [  8  ] . Suprapubic pain, pressure, or discomfort, hallmark symp-
toms of BPS, may not be early symptoms, may not be constant, may be  fl ared by 
“triggers,” or may be present from the very beginning  [  9–  12  ] . The symptoms of BPS 
can be as enigmatic as the disease itself (Table  13.1 ).   

   Evaluation 

 Fundamental to the clinical diagnosis of BPS is a thorough history that includes 
voiding symptoms, pain characteristics, and triggers (Table  13.2 )  [  13  ] . A complete 
medical and surgical history helps to establish a potential initiating event, a trigger-
ing event, as well as comorbid conditions associated with BPS and/or conditions 
whose symptoms imitate those of BPS (Table  13.3 ).    

   Diaries 

 The most common diary clinicians recommend to patients is the voiding diary. This 
is a self-recorded log of intake and output typically over a 3-day time span  [  14  ] . 

   Table 13.1    Common patient symptoms, prevalence (%)   

 Urinary urgency, 57–98 
 Daytime frequency, 84–97 
 Pain with voiding or dysuria, 71–98 
 Nocturia, 44–90 
 Dyspareunia (women), 46–80 
 Subjective sensation of bladder spasms, 50–74 
 Pubic pressure, 60–71 
 Suprapubic pain, 39–71 
 Pubic pressure, 60–71 
 Depression, 55–67 
 Perineal pain, 25–56 
 Genital pain (men), 40–50 
 Rectal pain (men), 30–32 

  From Seth A, Teichman JM. Differences in the clinical presentation of interstitial cystitis/painful 
bladder syndrome in patients with or without sexual abuse history. J Urol. Nov 2008;180(5):2029–
2033. Reprinted with permission from Springer  
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When evaluating the BPS patient, the clinician should remember to tell the patient 
to record episodes of nocturia, as well as pain upon bladder  fi lling compared to 
bladder emptying. Mazurick and Landis et al. analyzed voiding diaries of 305 
women enrolled in the National Interstitial Cystitis Data Base Study and concluded 
that voiding diaries can be reduced to a single day, as day 2 and 3 measures were not 
statistically signi fi cantly different from day 1 (1% level)  [  15  ] . They also found that 
there was no difference between weekend versus weekday measurements  [  15  ] . 

 Along with the number of micturations, it may be helpful for both clinicians 
and patients to document on the voiding diary any “triggers” that may increase 
number of voids or pressure/pain. This is a good opportunity for the patient to 
attempt to correlate exacerbators of bladder symptoms such as food, sexual activity, 
or menstrual cycle-associated “ fl ares.” 

   Table 13.2    Bladder symptom history taking   

  Ask questions about:  
 • Urinary urgency 
 • Urinary frequency 
 • Hematuria 
 • Incontinence 
 • Nocturia 
 • Pain/pressure in suprapubic region 
 • Length of symptoms 
 • Sentinel event 
 • Precipitating or alleviating factors 
  Is pain/pressure:  
 • Worse with bladder  fi lling? 
 • Worse in the am? 
 • Triggered by any speci fi c food? 
 • Worse with sexual activity? 

   Table 13.3    Differential diagnoses to BPS   

  Urological  
 • Urinary tract infection 
 • Overactive bladder 
 • Bladder carcinoma 
 • Urethritis 
 • Prostatits 
  Gynecological  
 • Endometriosis 
 • Pelvic in fl ammatory disease 
 • Vaginitis 
 • Vulvodynia (provoked and/or generalized) 
  Gastrointestinal  
 • Irritable bowel syndrome 
  Musculoskeletal  
 • Pelvic  fl oor dysfunction 
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 Another type of diary is a pain diary. This can be used independent of, or in 
 conjunction with, a voiding diary. A pain diary is used as a log of daily pain experi-
enced by the patient, and its inciting events. Patients rate their symptoms on a 
scale of 0–10 (0 = no pain; 10 = severe pain) for an “overall” generalized pain assess-
ment, and then into more speci fi c categories. Patients can also determine precipitating 
factors that exacerbated pain and any measures that helped to alleviate pain.  

   Questionnaires 

 Questionnaires, or symptom impact severity indices, are tools utilized by clinicians 
to aid in diagnosis, assessing severity of disease, and evaluation of treatment 
response  [  13  ] . The most frequently used questionnaires for bladder symptoms are 
the O’Leary–Sant Interstitial Cystitis Symptom Index and Problem Index (ICSI) 
and (ICPI) and the Pain Urgency and Frequency score (PUF). The ICSI and ICPI 
were the  fi rst to be validated and were originally designed to be used to evaluate 
outcome measures  [  16,   17  ] ; however they have since been shown to demonstrate 
therapeutic response to treatment  [  18,   19  ] . Lubeck et al. analyzed the use of this 
questionnaire in 376 female patients receiving pentosan polysulfate sodium of 
varying doses  [  19  ] . The ICSI was shown to be a valid, reliable, and responsive 
measure of change in BPS symptoms  [  19  ] . 

 The PUF score is another questionnaire used as a screening tool for BPS. In 
addition to urinary questions, the PUF questionnaire also includes questions 
related to pelvic pain and pain related to sexual intercourse  [  13  ] . Validation of the 
PUF questionnaire was done through studies of both male and female patients 
utilizing the potassium sensitivity test (PST) as a correlate  [  20,   21  ] . Parsons et al. 
found that 74% of female patients with a PUF score of 10–14 had a positive PST; 
76% of patients with a score of 15–19 had a positive PST; and 91% of those with 
a score of  ³ 20 had a positive PST  [  20  ] . Likewise, Parsons et al. also reported that 
77% of men diagnosed with chronic prostatitis (CP) had a positive PST and a PUF 
score  ³ 7  [  21  ] . 

 Kushner and Moldwin assessed the validity of the ICSI/ICPI and the PUF ques-
tionnaires in screening for BPS and distinguishing it from other disease processes, 
 fi nding the PUF questionnaire (with a score of  ³ 13) the more ef fi cient of the two 
 [  22  ] . They concluded that while both questionnaires are unable to serve as a sole 
diagnostic indicator, they are helpful screening tools to distinguish patients who 
require further evaluation, as well as useful instruments to follow those who have 
been previously diagnosed  [  22  ] . 

 An important aspect that should not be overlooked when evaluating the BPS 
patient is pain. A visual analogue scale (VAS) is a tool that assists both the patient 
and clinician quantify pain over the past 24 h. The VAS has been shown to be a valid 
and reliable assessment of both acute and chronic pain  [  23–  27  ] . The patient is asked 
to indicate his or her average pain by placing a vertical line on a horizontal line 
that represents a continuum of no pain to worst pain from left to right, respectively. 
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The clinician is able to obtain a “ fi nal” score by measuring where along the horizon-
tal line the patient marks using a 10 cm ruler (0 = no pain; 10 = worst pain). The two 
most common categories evaluated on the VAS are pain with daily activity and pain 
with sexual activity; however these are not exclusive and there are many variations 
available.  

   Physical Exam 

 A detailed physical exam is the hallmark component in the diagnosis of BPS. The 
exam for both men and women should begin with an external musculoskeletal 
examination in the standing and bending positions assessing for symmetry of the 
pelvic girdle, gait, kyphosis, lordosis, or scoliosis. While supine and side lying, the 
patient should then be assessed for sacroiliac joint tenderness, symphysis pubis ten-
derness, bladder distention, hernias, and abdominal trigger points. 

 A pelvic exam is an integral part of the physical exam for the female BPS patient. 
The pelvic exam begins with inspection of the skin and vulvar structures. 
Pigmentation and structural changes associated with vulvar dermatoses or vulvar 
neoplasia should be noted. The clinician should then proceed with a Kauffman Q-tip 
touch sensitivity test (Fig.  13.1 ) in which a saline-moistened cotton swab applicator 
is lightly applied to each of the vestibular glands in a clockwise manner. There is a 
signi fi cant comorbidity rate of BPS and vulvodynia  [  28,   29  ] . During embryologic 
development, the reproductive and urinary systems initially develop from the 
intermediate mesoderm of the embryo. In the female embryo, the urogenital sinus 
develops into the bladder, urethra, vagina, vestibule, and vestibular glands. In the 
end, the endoderm that forms the urothelium of the bladder, trigone, and urethra is 
the same that forms the lower third of the vagina and vestibule  [  30,   31  ] .  

 Assessment of the PFMs is done during the bimanual exam in women and the 
digital rectal exam (DRE) in men.    Pelvic  fl oor dysfunction (PFD) can be a comorbid 
condition with BPS or its own disorder. During palpation of the levator ani muscle 
groups, trigger points may be noted. Resting tone and the ability of the patient to 
contract and relax the muscles are graded by using the modi fi ed Oxford Scale 
(Table  13.4 )  [  32  ] . A bimanual exam in women may also elicit posterior bladder wall 
or urethral tenderness while a digital rectal exam (DRE) in men may elicit tender-
ness of the prostate.  

 A more objective assessment of the pelvic  fl oor can be obtained through perine-
ometry. A pressure-sensitive intravaginal or intrarectal probe is zeroed and then 
inserted to measure the resting tone of the PFMs  [  32  ] . The patient is then asked to 
contract their PFMs, the maximum force of contraction recorded, and then the 
patient is asked to relax their PFMs. The  fi nal reading, the return to the  fl accid state, 
enables the practitioner to evaluate if the patient is able to consciously bring his or 
her PFMs out of a contraction, back to his or her resting tone. Isherwood and Rane 
evaluated 263 women with both perineometry and digital exam using the Oxford 
scale  [  33  ] . Results showed concordance between the two methods of evaluation as 
highly signi fi cant ( P  < 0.0001)  [  33  ] .  
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   Laboratory Testing 

 A urine dipstick should be done in the of fi ce as a preliminary screening tool; how-
ever a laboratory urinalysis and urine culture should be done to rule out microhema-
turia and infection. Additionally, urine cytology is warranted if microhematuria is 
identi fi ed or if any other risk factors for bladder carcinoma are present (Table  13.5 ). 
Studies have shown that 20–30% of patients with BPS have hematuria; however, 
despite the lack of clinical signi fi cance it is regarded as an incidental  fi nding in this 
patient population  [  7,   34,   35  ] . Gomes et al.  [  36  ]  did a retrospective chart review on 
148 BPS patients with gross or microscopic hematuria that evaluated urine culture 
and cytology, cystoscopy, and intravenous urography or retrograde pyelography 
with renal ultrasound. They found that 41% (60/148) of patients had at least one 
episode of hematuria, which is higher than previously reported. Of the 56 patients 

  Fig. 13.1    Kaufmann Q-tip touch test       

   Table 13.4    Modi fi ed oxford scale: Pelvic  fl oor muscle tenderness   

 0 = No pressure or pain associated with exam 
 1 = Comfortable pressure associated with exam 
 2 = Uncomfortable pressure associated with exam 
 3 = Moderate pain associated with exam, intensi fi es with contraction 
 4 = Severe pain associated with exam; patient is unable to perform contraction maneuver due to 

pain 

  From Lukban JC, Whitmore KE. Pelvic  fl oor muscle re-education treatment of the overactive blad-
der and painful bladder syndrome. Clin Obstet Gynecol. Mar 2002;45(1):273–285. Reprinted with 
permission from Wolters Kluwer Health  
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who agreed to further evaluation, no malignancy was found  [  36  ] . Stanford et al.  [  37  ]  
prospectively evaluated 100 women with BPS for microscopic hematuria with post-
void sterile catheterization along with urine culture, PST, cystoscopy with hydrodis-
tention, and PUF questionnaire. Results showed a 24% prevalence of microhematuria 
in this patient cohort, thus leading the authors to conclude that microhematuria 
should be considered an incidental  fi nding in the majority of BPS patients  [  37  ] .   

   Urinary Markers 

 Recently, the potential use of urine tests that look for markers associated with BPS, 
speci fi cally antiproliferative factor (APF) and Tamm–Horsfall protein (THP), has 
been reported. APF is thought to inhibit normal bladder urothelial cell proliferation 
and may induce reversible inhibition of heparin-binding epidermal growth factor-
like growth factor (HG-EGF) and increase levels of epidermal growth factor (EGF) 
 [  38  ] . Keay et al.  [  39  ]  evaluated the urine of women meeting the NIDDK criteria for 
BPS for elevated APF. In the cohort studied, they found that the test is 94% sensitive 
and 95% speci fi c  [  39  ] . Keay et al.  [  40  ]  compared the urine of three groups of men 
for the biomarkers APF, HG-EGF, and EGF: symptomatic CP/CPPS ( n  = 41), BPS 
( n  = 24), and asymptomatic or no bladder disease, the control group ( n  = 36). Their 
 fi ndings showed that the CP/CPPS group did not differ signi fi cantly from the con-
trol group for any of the markers ( P  > 0.49)  [  40  ] ; however the BPS group had 
signi fi cantly higher levels of APF and lower levels of HG-EGF than both the CP/
CPPS and control groups ( P  < 0.00001 for all markers tested) as well as higher EGF 
levels, though this did not reach signi fi cance ( P  = 0.06)  [  40  ] . Studies on APF and its 
associated markers have yet to be reproduced. These studies included only BPS 
patients meeting the NIDDK criteria; therefore it remains to be seen if APF levels 
are abnormal in the early stages of the disease. 

 Tamm-Horsfall protein (THP) is a glycoprotein that contains sialic acid that is 
thought to protect the bladder urothelium from bacteria and other irritants  [  41  ] . 
Parsons et al.  [  42  ]  compared patients with BPS ( n  = 22) to controls ( n  = 20) and 
found that although the mean concentration of THP was not signi fi cantly different 
( P  = 0.6), the mean sialic acid content was almost twofold lower ( P  < 0.0001)  [  42  ] . 
Agarde et al.  [  43  ]  also compared the THP concentration and the sialic acid content 
from urine samples of patients with BPS ( n  = 23) to a control group ( n  = 24). The 
 fi ndings were similar to the previous study as they found half the concentration of 

   Table 13.5    Risk factors for bladder carcinoma   

 Smoking 
 Workplace exposure to certain chemicals 
 Caucasian 
 Over 50 
 Family history 
 History of chemotherapy or radiation therapy 
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sialic acid in the BPS group  [  43  ] . Albeit this marker appears to be sensitive and 
speci fi c, there are only a limited number of studies done due to its complexity, cost, 
and unavailability.  

   Potassium Sensitivity Test 

 The PST was  fi rst described by Parsons et al. as a diagnostic tool for BPS  [  44  ] . This 
test is based on the theory that there is a defect in the bladder epithelium or 
 glycoaminoglycan (GAG) layer of BPS patients, thereby making it permeable to 
irritative substances. Forty ml of sterile water is instilled intravesically followed by 
0.4 M potassium chloride (KCL). The patient’s subjective responses to pain and 
urgency after each infusion are compared. It is thought that patients with normal 
bladder epithelium should not respond to either instillation; however, patients with 
a defective GAG layer will report pain, urgency, or both with the KCL instillation. 
The initial study reported that 75% of patients with IC have a positive KCL test 
compared with 4% of the control group  [  44  ] . All patients had a negative response to 
the water instillation. Follow-up studies report that in patients with a clinical diag-
nosis of IC, the PST has a sensitivity of approximately 80%  [  45,   46  ] . However, it 
should be noted that other in fl ammatory conditions that increase bladder epithelium 
permeability may produce false-positive results  [  47  ] . False-negative results can 
occur if the patient has been recently treated with intravesical therapy or has had a 
recent bladder hydrodistention  [  48  ] . 

 Chambers et al.  [  49  ]  compared the PST to history and cystoscopy with hydrodis-
tention in a population with symptoms suggestive of BPS and found the PST to have 
a poor sensitivity and speci fi city (69.5 and 50%, respectively). The authors concluded 
that the PST has no added value over cystoscopy with hydrodistention  [  49  ] . 

 There are advantages to the PST such as identi fi cation of BPS early in the disease 
process, localization of the origin of the pain to the bladder, and simplicity of the 
test  [  47  ] . A major disadvantage of the PST is the potential to cause intense pain to 
the patient  [  47  ] . In order to avoid elucidating additional pain in these patients, many 
clinicians are opting to use novel intravesical procedures, such as the intravesical 
anesthetic challenge (IAC), to aid in the diagnosis of BPS.  

   Anesthetic Challenge 

 The current diagnostic aid BPS experts are using more frequently is the intravesical 
anesthetic challenge (IAC). Though still an investigational procedure, the theory is 
that the reduction or elimination of pain with intravesical anesthetic is evidence of 
bladder origin of pain  [  9  ] . This procedure emphasizes symptom reduction rather 
than exacerbation, and therefore should only be used in patients in pain  [  50,   51  ] . 

 Moldwin et al.  [  50  ]  evaluated improvement in pain scores of BPS patients 
with Hunner’s lesions versus those without Hunner’s lesions after administration 
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of an IAC. A 1:1 mixture of 0.5% bupivacaine and 2% lidocaine was instilled 
 intravesically, remaining for 30 min. Patients were asked to score their BPS pain 
symptoms on a 0–10 VAS. A  positive response to the IAC is a 50% reduction in 
the VAS score  [  50  ] . This innovative study showed that 89% ( n  = 28) of Hunner’s 
lesion-positive patients and 71% ( n  = 52) of lesion-negative patients had a positive 
response to the IAC  [  50  ] . Additionally, the mean duration of relief in Hunner’s 
lesion-positive patients was 11 days, and in Hunner’s lesion-negative patients was 
4 days, thus making the IAC a potential therapeutic option as well  [  50  ] . 

 There are a variety of “cocktails” used in clinical practice for this procedure. Parsons 
reported statistically signi fi cant improvement in symptoms ( P  < 0.01) and sustained 
symptom relief with the combination of heparin and alkalinized  lidocaine  [  51  ] .  

   Urodynamics 

 The use of urodynamics in the diagnosis of BPS is controversial. When compared 
to the  fi ndings of voiding diaries, urodynamic  fi ndings closely correlated, leading 
some experts to suggest that noninvasive voiding diaries capture adequate informa-
tion  [  52  ] . However, when patients with BPS present with concomitant incontinence 
and/or retention, urodynamics can be a helpful diagnostic tool to rule out other dis-
orders such as detrusor-sphincter dyssynergia, bladder outlet obstruction, and PFD 
(although PFD may be secondary to BPS)  [  17,   53  ] . 

 Typically, patients with BPS will have sensory urgency, a low functional capac-
ity, and an early  fi rst sensation. Sastry et al.  [  54  ]  suggest that the severity of symp-
toms (PUF as assessed by validated questionnaires and VAS scales) was signi fi cantly 
associated with urodynamic parameters seen in earlier  fi rst sensation,  fi rst urge, 
strong desire, and a lower maximum cystometric capacity (MCC). They purport 
their  fi ndings illustrate that urodynamics is an objective measure of pain as well as 
con fi rmation of symptom severity in the BPS patient  [  54  ] . It has also been recog-
nized that 15–25% of BPS patients demonstrate detrusor overactivity during the test 
 [  52,   55  ] . Kim et al.  [  56  ]  performed a retrospective chart review of women with BPS 
( n  = 40) and compared their  fl uoroscopic urodynamic study results to women with 
idiopathic overactive bladder ( n  = 78). This small study showed that the urodynam-
ics results were signi fi cantly different between the two groups  [  56  ] .  

   Cystoscopy with Hydrodistention 

 Cystoscopy with hydrodistention under anesthesia was established as the diagnostic 
tool for Interstitial Cystitis by the NIDDK. The criteria established by the NIDDK 
were glomerulations, and/or Hunner’s ulcers  [  57  ] . Cystoscopy with hydrodistention 
is done with the patient under general or regional anesthesia or intravenous  sedation. 



198 J.Y. Fariello and K.E. Whitmore

A cystoscope is introduced into the bladder and a full evaluation is preformed. 
Lesions, tumors, masses, and ulcerations are ruled out as causes of hematuria and/
or bladder symptoms  [  58  ] . The bladder is then  fi lled by gravity with sterile water or 
saline at 70–100 cm H 

2
 O pressure. Once capacity is achieved, bladder distention is 

maintained for a minimum of 2 min, drained, and a second cystoscopic    examination 
is performed. Terminal bloody ef fl uent when the bladder is drained, glomerulations 
(petechiae), and/or Hunner’s lesions ( fi ssures or cracks in the urothelium that are not 
ulcers) are  fi ndings consistent with BPS  [  57,   58  ] . It is imperative that the clinician 
remembers that a negative cystoscopy with hydrodistention does not rule out BPS. 

 Recent studies have called into question the sensitivity and speci fi city of this 
procedure for the diagnosis of BPS  [  58–  60  ] . Braunstein et al. compared a cohort of 
patients meeting the NIDDK criteria for BPS with Hunner’s lesion disease ( n  = 86) 
to those with non-Hunner’s lesion disease ( n  = 137)  [  61  ] . They found no statistical 
signi fi cance in the parameters measured (symptom duration, history of gross hema-
turia, history of comorbid disease, or VAS pain scores)  [  61  ] . It was concluded that 
cystoscopy is needed to accurately identify Hunner’s lesions in patients with BPS 
 [  61  ] . Conversely, Chai  [  62  ]  states that in some BPS patients, the urothelium is very 
friable after hydrodistention, making identi fi cation and analysis of Hunner’s lesions 
versus tears in the urothelium dif fi cult. 

 Cystoscopy is necessary to rule out bladder cancer in patients with an abnormal 
cytology, or who present with hematuria and are in a high-risk category. It may also 
be used as an aid in the treatment of refractory cases of BPS. Anecdotal reports 
show that approximately half of the patients experience reduction in pain and 
urinary frequency and urgency for a mean duration of 2 months following hydrodis-
tention  [  63  ] . Aihara et al. reported BPS patients (71%, 21/30) experienced contin-
ued therapeutic bene fi t one month post cystoscopy with hydrodistention  [  64  ] . 
Cystoscopy with hydrodistention may also play a role in assisting to stage BPS.  

   Bladder Biopsy 

 The International Society for the Study of BPS (ESSIC) states, as part of their 
guidelines for the evaluation of patients with BPS, that bladder biopsies with sub-
sequent staining for mast cells be done on all patients undergoing a cystoscopy 
with hydrodistention  [  14  ] . According to these guidelines, three biopsies should be 
obtained and should include detrusor muscle for the purpose of eliciting mast cell 
counts  [  14  ] . Of the three biopsies, only the one with the greatest number of mast 
cells per mm 2  should be reported. If detrusor muscle is not present in the specimen, 
they must be disregarded and new ones obtained  [  14  ] . 

 Currently in the United States, bladder biopsy is not recommended for the diag-
nosis of BPS, as there are no features speci fi c to the disease to use as a con fi rmatory 
test  [  13  ] . No histological changes speci fi c to BPS have yet been identi fi ed and 
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   Table 13.6    Summary of AUA guidelines for IC/BPS (2011)  [  70  ]    

 Diagnosis 
  Guideline #1 
   •  Careful history, physical examinations, and laboratory testing to document signs and 

symptoms characteristic of IC/BPS, excluding other disorders that could be the cause 
of the patient’s symptoms. 

  Guideline #2 
   •  Obtain baseline voiding symptoms and pain levels in order to evaluate subsequent 

treatment effects. 
  Guideline #3 
   •  Cystoscopy and/or urodynamics should be considered when the diagnosis of IC/BPS 

is questionable or the patient is refractory to treatment; these tests are not necessary 
for making a diagnosis in uncomplicated presentations. 

 Treatment 
  Guideline #6 
   •  Multiple, concurrent treatments may be considered if it is in the patient’s best interest; 

baseline and regular symptom assessment are essential to evaluate ef fi cacy or single 
and combined treatments.  Clinical principle  

  Guideline #7 
   •  Ineffective treatments should be discontinued after a clinically meaningful interval. 

 Clinical principle  
  Guideline #9 
   •  Reconsider the IC/BPS diagnosis if no improvement occurs after multiple treatment 

approaches.  Clinical principle  
  First-line treatment 
   • Education and expectations.  Clinical principle  
   • Self-care practices and behavioral modi fi cations.  Clinical principle  
   • Stress management practices.  Clinical principle  
   • Coping techniques for management of stress-induced symptom exacerbations. 

 Clinical principle  
  Second-line treatment 
   •  Physical therapy (including manual therapy).  Pelvic  fl oor strengthening exercises 

(e.g., Kegel exercises) should be avoided.   Clinical principle  
   •  Multimodal pain management approaches should be initiated (e.g., pharmacological, 

stress management, manual therapy if available).  Expert Opinion  
   •  Amitriptyline, cimetidine, hydroxyzine, or pentosan polysulfate may be administered 

orally (listed in alphabetical order; no hierarchy is implied).  Option (Evidence 
Strength-Grades B, B, C, and B)  

   •  DMSO, heparin, or lidocaine may be administered intravesically (listed in alphabeti-
cal order; no hierarchy is implied).  Option (Evidence strength-grades C, C, and B)  

  Third-line treatment 
   •  Cystoscopy under anesthesia with short-duration, low-pressure hydrodistention. 

 Option (Evidence strength-grade C)  
   •  If Hunner’s lesions are present, the fulguration (with laser or electrocautery) and/or 

injection of triamcinolone should be performed.  Recommendation (Evidence 
strength-grade C)  

  Fourth-line treatment 
   • A trial of neurostimulation may be performed.  Option (Evidence strength-grade C)  

(continued)
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 fi ndings related to chronic in fl ammation often overlap with other pathophysiology 
 [  58,   65  ] . Though not recommended as a diagnostic test, bladder biopsy has been 
shown to be somewhat advantageous in determining the severity of the disease when 
associated with subjective symptoms  [  66  ] . The signi fi cance of mast cells on biopsy 
remains controversial  [  67–  69  ]  and research continues in this area. 

 Bladder biopsy is warranted if a questionable lesion is found or to rule out carci-
noma in situ.  

   AUA Guidelines 

 In 2011, the American Urological Association (AUA) published the  fi rst set of 
guidelines for BPS. The guidelines, based on empirical data, provide a framework 
to aid clinicians in recognizing, diagnosing, and treating BPS (Table  13.6 )  [  70  ] .       
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         Introduction 

 Biomarkers are important tools in the diagnostic and therapeutic armamentarium. 
By de fi nition a biomarker is a biological characteristic that is measured and evalu-
ated objectively as an indicator of normal biological or pathogenic processes (a 
diagnostic biomarker), or a pharmacological response to therapeutic intervention (a 
therapeutic biomarker)  [  1  ] . Biomarkers may be any patient parameter that can be 
measured, for example, mRNA expression pro fi les, proteomic signatures, protein or 
lipid levels, imaging methods, or electrical signals. The best biomarkers are accu-
rate, relatively noninvasive, and easy-to-perform tests that can be done at the bed-
side or in the outpatient setting. Biomarkers are useful as a diagnostic tool for 
identifying those patients with a disease, classifying, or grading the severity of dis-
ease in both laboratory and clinical settings. These tests involve a blood or spot 
urine specimen, can be measured serially, and have a fast turnaround. Most efforts 
had focused on discovering tissue and urinary biomarkers. Proper biomarker dis-
covery requires detailed knowledge of the disease in question, including the 
de fi nition, differential diagnosis, disease subsets, and local or systemic responses 
 [  2–  4  ] . The lack of universally accepted clinical diagnostic criteria for bladder 
pain syndrome (BPS) affects all aspects of making progress in understanding 
this disease. Efforts continue to be made to  fi nd objective, speci fi c  fi ndings to 
diagnose BPS. The development of sensitive and speci fi c markers could assist in 
establishing an etiologic mechanism, generating de fi nitive and reproducible 
diagnostic criteria, identifying patient subsets, and predicting treatment responses. 
This chapter focuses on urine biomarkers in BPS.  
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   Criteria for Biomarker Selection 

 Since BPS is a heterogeneous syndrome of pluricausal etiology, it is unlikely that a 
single biomarker can be identi fi ed which will serve to diagnose or exclude the entire 
spectrum of the disease. Many urine components decrease or increase in some BPS 
patients and may serve as objective BPS markers. Valid objective markers would be 
useful for several different purposes  [  5  ] :

   To diagnose some of the patients with BPS de fi nitively.  • 
  To identify subsets of patients with different BPS etiologies (high sensitivity and • 
speci fi city), and to target them for focused research and speci fi c treatments.  
  To predict which BPS patients will respond to a speci fi c treatment.  • 
  To provide an objective outcome measurement for BPS treatment trials.    • 

 In addition, the biomarker assay needs to be reproducible in many laboratories 
and ideally the marker should be suitable for use in clinical diagnostic laboratories.  

   Candidate Biomarkers 

 The majority of all of the published studies on biomarkers for BPS have been on 
biomarkers isolated from urine (Table  14.1 ). Common for all these potential 
biomarkers for BPS, apart from APF, they have not been well characterized. 
More importantly the sensitivity/speci fi city values for BPS have not been    studied 
 [  6  ] . Urine diagnostic test would be ideal because it is not invasive and urine is 
obtained easily. Because no one etiology has been identi fi ed as causative in BPS, 
there have been a myriad of biomarkers (more than two dozen) proposed for its 
diagnosis. Urine markers usually are biologic molecules found in the bladders of 
patients with BPS, but not in control subjects or vice versa.   

   Urine Anti-proliferative Factor and Growth Factors 

 It has been postulated that factors present in both normal urine and BPS patients’ 
urine are capable of injuring the mucosa and causing increased mucosal 
 permeability. Indirect evidence for a urinary cytotoxin in BPS was  fi rst reported 
by Clemmensen and colleagues in 1988 who demonstrated a toxic or allergic 
reaction in skin patch tests to a substance present in greater amounts in BPS 
patients’ urine  [  7  ] . Parsons and Stein found BPS urine to result in higher cell 
death of cultured transitional cells than normal urine, suggesting a toxic com-
pound in the urine of some BPS patients  [  8  ] . They identi fi ed heat-labile, cationic 
components of low molecular weight that bind to heparin, and that when sepa-



20714 Urine Biomarkers and Bladder Pain Syndrome

rated from the bulk of the urinary wastes are cytotoxic to urothelial cells as well 
as underlying smooth muscle cells  [  9  ] . 

 Keay and associates  [  10  ]  at the University of Maryland reported that urothelial 
cells of normal controls grow signi fi cantly more rapidly in culture than cells from 
BPS patients  [  10  ] . This led to the discovery that the urine of BPS patients speci fi cally 
contains a factor, antiproliferative factor (APF), that inhibits primary bladder epithe-
lial cell proliferation while simultaneously decreasing the amount of heparin-binding 
epidermal growth factor-like growth factor (HB-EGF) and increasing levels of epider-
mal growth factor (EGF) compared with urine from asymptomatic controls and 

   Table 14.1    Selected urinary markers reported in BPS   

 Urine marker  References 

  Antiproliferative and growth factors  
 Antiproliferative factor (APF)      [  10,   15,   16 ,  19  ]  
 Heparin-binding epidermal growth factor-like growth factor (HB-EGF)   [  16,   17 ,  19  ]  
 Epidermal growth factor (EGF)   [  17,   17 ,  19  ]  
 Insulin-like growth factor (IGF-1)   [  17  ]  
 Insulin-like growth factor-binding protein (IGFBP-1)   [  17  ]   
 Nerve growth factor (NGF)   [  36,   74–  76  ]  
  Markers related to urothel/mucus layer  
 Glycosaminoglycans   [  17,   22–  24  ]  
 Glycoprotein-51   [  20,   21,   25  ]  
 MUC-1 glycoprotein   [  17  ]  
 Hyaluronic acid   [  17,   24,   26  ]  
  In fl ammatory mediators  
 Histamine   [  31,   37,   38,   51  ]  
 Methylhistamine and 1,4-MIAA   [  17,   34,   37,   39,   51  ]  
 IL-6   [  17,   19,   47–  49,   51  ]  
 IL-8   [  17,   19,   49  ]  
 IL-1   [  17,   50  ]  
 IL-2   [  49  ]  
 Eosinophil cationic protein (ECP)   [  45  ]  
 Eosinophil protein X (EPX)   [  46  ]  
 Leukotriene E 

4
  (LTE 

4
 )   [  46  ]  

 Substance P   [  64,   70  ]  
 Major basic protein (MBP)   [  33  ]  
 PGE 

2
 , PGD 

2
 , PGF 

2 a 
 , TNF- a , thromboxane B 

2
    [  33,   47  ]  

  Marker of nitric oxide activity  
 NO gas   [  52–  54  ]  
 NO synthase   [  55–  57  ]  
 c-GMP   [  17,   19,   56  ]  
  Others  
 Tamm–Horsfall protein   [  82–  84  ]  
 Tryptase   [  35  ]  
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patients with bacterial cystitis. The coexistence of these two processes impedes proper 
regeneration of damaged areas within the bladder and increases the risk of more injury 
or insult to occur. Furthermore, APF levels in the urine were found to discriminate 
between patients with BPS versus those with chronic pelvic pain syndrome or non-
bacterial cystitis  [  11  ] . The APF appeared to be a low-molecular-weight (<10,000 Da), 
heat-stable, trypsin-sensitive factor  [  10  ] . Later, APF has been puri fi ed and proved to 
be a frizzled eight protein produced by bladder uroepithelial cells of BPS patients 
 [  12  ] . Although some data suggest that the presence of APF may be indicative of BPS, 
not enough evidence supports the use of APF as a viable de fi nitive diagnostic tool. 

 Other urine factors that may re fl ect epithelial abnormalities in the urinary blad-
der include EGF, HB-EGF, insulin-like growth factor (IGF), and nerve growth fac-
tor (NGF). Freeman and colleagues were the  fi rst to suggest a physiologic role for 
HB-EGF in the regulation of urothelial proliferation and regeneration subsequent to 
mucosal injury  [  13  ] . Recent studies have demonstrated that these urine growth fac-
tors were signi fi cantly different between BPS patients, asymptomatic controls, and 
patients with acute bacterial cystitis  [  10,   14,   15  ] . Furthermore, APF, EGF, and 
HB-EGF have been shown to be good biomarkers for both ulcerative and nonulcer-
ative BPS  [  16  ] . A recent comparative study of 13 different urine markers for BPS 
performed in a blinded manner in several different laboratories indicated that, of 
these urine markers, differences in APF activity as well as in levels of HB-EGF and 
EGF between BPS patients and asymptomatic controls were of greatest signi fi cance 
 [  17  ] . However, these same authors have compared these urine markers with bladder 
biopsy  fi ndings  [  18  ] . Interestingly, these urine markers (APF, EGF, HB-EGF) did 
not associate with biopsy  fi ndings  [  18,   19  ] . 

 APF appeared to be as an ideal candidate for a urine biomarker for symptomatic 
BPS. However, since its discovery in 1999,  fi ndings have not been replicated in 
other independent laboratories and the assay has to be developed for use in a clinical 
laboratory before it becomes a standard clinical biomarker. In 2003 Keay et al. 
wrote that the test for APF activity is currently in the process of undergoing 
con fi rmation and possible commercial availability  [  6  ] . Unfortunately, these initial 
promising statements have never been performed.  

   Urine Glycoconjugates GP51, GAG, MUC-1 
Glycoprotein, and Hyaluronic Acid 

 Markers that may re fl ect epithelial abnormalities in the urinary bladder include the 
glycoprotein GP51, Glycosaminoglycans (GAGs), hyaluronic acid, and epitectin. 
The assumption that a change in urothelial permeability, due to aberrations in bladder 
surface mucin, can be a pathophysiological factor in patients with BPS led Moskowitz 
and colleagues to focus on the glycoprotein GP-51, a 51 kDa glycoprotein component 
of the urothelial mucin lining which is a heterogeneous substance composed of proteo-
glycans, glycosaminoglycans, and glycoproteins  [  20  ] . GP-51 is produced throughout 
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the urinary system. GP-51, a glycoprotein in the urothelium, has been shown to be 
decreased in bladder biopsies from BPS patients  [  20  ] . However, this invasive procedure 
was not a practical diagnostic tool. Subsequently, these authors examined GP-51 levels 
in urine specimens from BPS patients and normal controls. Byrne et al. demonstrated 
signi fi cant reduction in urinary excretion of GP51 in BPS patients compared with age-
matched normal controls or patients with other urinary tract diseases (including bacte-
rial cystitis, renal calculi, detrusor hyperre fl exia, and eosinophilic    cystitis  [  21  ] ). 
Reduction in GP51 excretion is the strongest evidence so far reported which demon-
strates that a speci fi c molecular de fi ciency in the GAG layer of the bladder exists in 
BPS. Particularly impressive was how much lower the urinary GP51-to-creatinine 
ratios were in BPS patients who met the National Institute for Diabetes and Digestive 
and Kidney Diseases diagnostic criteria than in normal and pathological controls. This 
 fi nding, if substantiated in larger numbers, particularly because the test can be per-
formed reliably on spot urine, could be valuable in the diagnosis and classi fi cation of 
this syndrome. Additionally, this test may provide a useful marker to monitor therapeu-
tic response and may even serve as a surrogate end point in testing therapies. Finally, if 
restoration of GP51 excretion to normal is associated with loss of symptoms, this mol-
ecule could be the target of genetic, molecular, and intravesical therapeutic strategies. 
Although, these initial promising studies regarding GP51 speci fi city for BPS additional 
studies have not been done on this    marker. Thus, considerable additional studies will be 
required before this measurement becomes clinically useful. 

 GAG alterations in the urine of patients with BPS have been reported  [  22,   23  ] . 
Hurst et al. originally reported that total GAGs were decreased in BPS urine as 
compared with healthy subjects  [  23  ] . Urinary GAG excretion was found to be ele-
vated signi fi cantly in patients with BPS as compared to healthy subjects. In a blinded 
comparative study, Erickson et al. reported that urine GAG excretion did not differ 
signi fi cantly between these two groups  [  17  ] . Another study indicated that the ratio 
of total to sulfated urine GAGs may be more useful for distinguishing BPS patients 
from normal controls  [  24  ] . 

 In two different reports, BPS urine had signi fi cantly decreased MUC-1 glycopro-
tein (epitectin)  [  25  ]  or had increased urine hyaluronic acid (HA)  [  24,   26  ] . Later 
studies using different assay methods failed to con fi rm these previous reports  [  17  ] . 
In conclusion, GAGs or HA may be useful markers in new untreated patients using 
more reliable assay methods.  

   Urine In fl ammatory Mediators 

 A number of studies have implicated neuroin fl ammatory mechanisms, including 
mast cells and their products with BPS. Mast cells have been considered an  important 
part of the pathogenesis of BPS  [  27,   28  ] , and their products have been considered 
potential indicators of the disease  fi rst suggested by Simmons in 1950s  [  29  ]       . The 
most unusual characteristic in BPS is the activation of bladder mast cells shown by 

http://dx.doi.org/10.1007/978-1-4419-6929-3_5
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ultrastructural criteria  [  30  ]  and con fi rmed by increased urinary levels of mast cell 
products such as histamine and methylhistamine  [  31–  33  ] , a metabolite of histamine 
(1,4-MIAA)  [  34  ] , and the unique mast cell marker tryptase  [  35,   36  ]  in the urine of 
patients with BPS. In contrast, the histamine content of either spot or 24-h urine was 
not different between control and BPS patients  [  37,   38  ] . Histamine  [  38  ]  and meth-
ylhistamine  [  39  ]  were also either elevated or normal in BPS following bladder 
hydrodistension. 

 Leukotriene E 
4
  (LTE 

4
 ), the end product of cysteinyl containing leukotrienes, and 

eosinophil protein X (EPX), eosinophil cationic protein (ECP), and eosinophil per-
oxidase (EPO) are important mediators of in fl ammatory diseases. Bladder urothe-
lium and lamina propria of BPS patients contain in fl ammatory cells including mast 
cells and eosinophils  [  40  ] . The factors responsible for migration and proliferation of 
these cells in BPS are unknown. Both may be attracted to the bladder wall by means 
of chemotactic cytokines. Leukotriene D 

4
 , a product of mast cells, has also been 

shown to attract eosinophils as well  [  41  ] . 
 The eosinophil is also a potent in fl ammatory cell that may release 4 well-charac-

terized cytotoxic proteins, i.e., EPX, ECP, EPO, and major basic protein (MBP) in 
addition to LTC 

4
  and platelet-activating factor  [  42  ] . Furthermore, eosinophils in the 

same way as mast cells may release cytokines and IL-8  [  43  ] . Eosinophils and mast 
cells are the major source of LTE 

4
  in urine  [  44  ] . Increased urinary ECP has been 

detected in the urine of patients with BPS  [  45  ] . BPS patients who have detrusor 
mastocytosis were shown to have increased urinary LTE 

4
  and EPX as compared 

with normal controls  [  46  ] . These substances may be useful for assessing the grade 
of activation of mast cells and eosinophils in patients with BPS and/or for con fi rming 
the diagnosis. Additional studies to determine the speci fi city of these  fi ndings for 
BPS are needed.  

   Urine Cytokines 

 Cytokines are small cell-signaling protein molecules that are secreted by numerous 
cells of the immune system and are a category of signaling molecules used exten-
sively in intercellular communication. Increased urinary levels of cytokines re fl ect 
in fl ammation of the urinary bladder. In urine from BPS patients increased levels of 
several cytokines have been documented but the results are con fl icting  [  5,   47–  49  ] . 
Among the cytokines, IL-2, IL-6, and IL-8 were increased in some patients with 
BPS  [  17,   47–  49  ]  whereas normal levels were found for IL-1, IL-4, IL-10, IL-12, 
TNF- a , and interferon- g   [  17,   49,   50  ] . Only recently, a combination of IL-6 and 
methylhistamine has been proposed as a sensitive and speci fi c marker for BPS, with 
a sensitivity of 70 % and speci fi city of 72.4 %  [  51  ] . Increased urinary excretion of 
the CXC chemokine IL-8 has been found in some studies but not in others  [  17,   49  ] . 
The strongest association is a positive association between urine IL-8 levels and 
bladder mast cell count in bladder biopsies from patients with BPS  [  19  ] .  
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   Urine Markers of Nitric Oxide Activity 

 A role for nitric oxide (NO) has been suggested in in fl ammation and host defense. 
During in fl ammation NO is produced from the amino acid  l -arginine by the enzy-
matic action of nitric oxide synthase (NOS) which in turn causes an increase in 
cyclic GMP by activating guanylyl cyclase. In studies where NO levels were mea-
sured directly in the urinary bladder increased levels of NO were demonstrated in 
infectious and noninfectious cystitis  [  52,   53  ] . Nitric oxide has also been used to 
distinguish patients with ulcerative BPS from patients with nonulcerative BPS  [  54  ] . 
Furthermore, long-term oral administration of  l -arginine increases nitric oxide-
related enzymes and metabolites in the urine of patients with interstitial cystitis, 
which is associated with a decrease in interstitial cystitis-related symptoms  [  55  ] . 
Urinary levels of NO synthase activity were found to be decreased in BPS patients 
and increased with urinary tract infections  [  56  ] . The increased levels of endoge-
nously formed nitric oxide in patients with BPS correspond to increased inducible 
NOS mRNA expression and protein levels in these patients  [  57  ] . Furthermore, 
inducible NOS was found to be localized to the urothelium but it was also found in 
macrophages in the bladder mucosa  [  57  ] . Likewise, the urinary levels of cGMP, the 
end product caused by NO, were decreased in BPS patients  [  17,   56  ] . Whether high 
levels of endogenously formed nitric oxide are a part of the pathogenesis in BPS and 
whether it has a protective or damaging role remain to be elucidated.  

   Substance P 

 Neurogenic in fl ammation is a process by which sensory nerves may secrete 
in fl ammatory mediators, resulting in hyperalgesia and in fl ammation of BPS and 
research has demonstrated neurobiological changes in BPS manifested by urothelial 
dysfunction, sensory nerve-upregulation, mast cell activation, neurogenic in fl ammation, 
and spinal cord “wind-up”  [  58,   59  ] . Substance P, a short-chain peptide, is a central 
component of this process  [  60  ] . Substance P is an in fl ammatory mediator that func-
tions as a nociceptive neurotransmitter in the central and peripheral nervous system. 
When released by peripheral nerves, substance P causes an in fl ammatory cascade to 
occur, resulting in such processes as mast cell degranulation and activation of nearby 
nerve terminals. SP has been implicated in the pathophysiology of pain and has been 
shown to trigger mast cell secretion  [  61  ] . Several studies support this theory, having 
found increased number of substance P-containing nerves and increased expression of 
SP receptor-encoding mRNA in bladder biopsies from patients with BPS  [  61,   62  ] . 
The increased number of C- fi bers and increased amount of substance P found in IC 
patients also contribute to the in fl ammation and pain associated with this condition 
 [  61,   63  ] . In addition, substance P has been found in the urine of women with BPS, 
with increased concentrations dependent on the severity of pain  [  64  ] . Furthermore, 
urinary SP concentration correlates with urinary frequency and urgency in BPS 
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patients treated with DMSO  [  65  ] . However, a recent study revealed no signi fi cant 
increase in substance P in women with BPS when compared to a control group  [  66  ] , 
but the control group consisted of women who suffered from symptoms of stress 
incontinence. Another study found that the number of neurons positive for SP was not 
signi fi cantly different between BPS and controls  [  67  ] .  

   Nerve Growth Factor 

 NGF is a small secreted protein that induces the differentiation and survival of par-
ticular target neurons  [  68  ] . NGF has also attracted considerable attention as a key 
player in the link between in fl ammation and altered pain signaling  [  68  ] . NGF is 
expressed widely in various cells, including urothelial cells, smooth muscle cells, 
and mast cells, and can activate mast cells to degranulate and proliferate  [  68  ] . In 
patients with BPS increased levels of NGF have been detected in the urine  [  36, 
  69–  71  ] . Increased expression of NGF is also present in bladder biopsies from 
women with BPS  [  72  ] . However, also other clinical and experimental reports indi-
cate a direct link between increased levels of NGF in bladder tissue and urine and 
painful in fl ammatory conditions in the lower urinary tract, such as bladder outlet 
obstruction, overactive bladder, BPS, and chronic prostatitis  [  36,   69–  71  ] . Thus, 
NGF has been suggested to play a role in urinary bladder dysfunction by mediating 
in fl ammation, as well as morphological and functional changes, in sensory and 
sympathetic neurons innervating the urinary bladder  [  73  ] . 

 Future studies are needed to further examine the signi fi cance of urinary NGF 
levels in the pathogenesis of a variety of urologic diseases and whether NGF could 
be used as a diagnostic or a prognostic marker for speci fi c urologic diseases.  

   Tamm–Horsfall Protein 

 Tamm–Horsfall protein (THP) is a high-molecular-weight glycoprotein discovered 
by Tamm and Horsfall  [  74  ] . THP is the most abundant protein in urine of healthy 
individuals  [  75  ] . THP is normally synthesized by thick ascending limb of loop of 
Henle. THP may accumulate in renal parenchyma, perirenal soft tissue, or bladder 
with pathologic conditions. THP is deposited in areas of necrosis, in fl ammation, 
 fi brinous exudates, and ulcer. THP-de fi cient mice were shown to have dif fi culty 
clearing bacteria and may be a host defense factor against bacterial cystitis     [  76,   77  ] . 
Urinary THP protein levels have been investigated in BPS patients and controls  [  77  ] . 
Urinary THP was found to be signi fi cantly greater compared with controls  [  77  ] . 
THP is qualitatively different in patients with BPS compared to controls  [  78  ] . 
Abnormal glycosylation of THP in patients with BPS  [  78  ]  was con fi rmed by the 
same research group a couple of years later  [  79  ] . Whether THP has a role in the 
pathophysiology of BPS remains to be elucidated.  
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   Miscellaneous 

 Other urinary cellular markers of BPS, including tryptase  [  35,   36  ] , IL-2 inhibitor 
 [  80  ] , PGE 

2
   [  33  ] , kallikrein  [  81  ] , IL-1 b   [  50  ] , IL-2  [  49  ] , MBP  [  33  ] , cortisol  [  82  ] , 

autoantibodies  [  83  ] , and norepinephrine  [  84  ] , have also been reported although their 
speci fi city for BPS is    uncertain.  

   Conclusion and Future Directions in Research 

 Research is needed. The goal is to develop a simple, noninvasive diagnostic test for 
BPS. In the future, research on BPS will therefore most likely involve urinary mark-
ers which undoubtedly prove to be a valuable tool for determining the diagnosis of 
BPS in the female population, identifying speci fi c subsets of BPS patients, and dif-
ferentiating patients with incontinence/overactive bladder syndrome from patients 
with BPS. Among all the published markers APF appears to be speci fi c to BPS 
which places APF as the best candidate to date for a biomarker for symptomatic 
BPS. However, the test has only been evaluated in NIDDK cases and the test requires 
con fi rmation in other laboratories around the world. In conclusion, the role of uri-
nary markers remains to be elucidated in large prospective, multi-institutional 
studies.      
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         Introduction 

 Skene  [  1  ]  and Hunner  [  2  ]  are the great pioneers in interstitial cystitis (IC) history. 
In a disease with disabling bladder symptoms Skene described morphologic changes: 
destruction of the mucous membrane with extension to the bladder muscle and 
Hunner peculiar cystoscopic bladder wall changes. For many decades, the under-
standing of the disease was that of Skene and Hunner. In 1978 Messing and Stamey 
 [  3  ]  presented postdistension submucosal petechial bleedings as another cardinal 
sign, subdividing the disease into an early and a classic (Hunner) form, with possi-
ble transition of the  fi rst into the other. It was emphasized, though, that the two 
presentations rather represent separate entities  [  4  ] . The two objective endoscopic 
features were incorporated in the NIDDK criteria together with symptom criteria 
and a number of exclusions  [  5  ] , now serving as the established standard for years. 
Subsequently, the NIDDK criteria were claimed to be too restrictive to be used in 
clinical practice. When evaluating the National Institutes of Health Interstitial 
Cystitis Database study, 60% of patients with a clinical diagnosis of IC were found 
not to ful fi l the NIDDK criteria  [  6  ] . Obviously at this stage, de fi nitions had changed 
with less emphasis on objective criteria, and cystoscopy and bladder distension was 
just an optional measure. Today, not least owing to the activities of the International 
Society for the Study of Bladder Pain Syndrome (European Society for the Study of 
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Interstitial Cystitis, ESSIC), we see a paradigm shift; objective parameters attach 
greater importance and the value of endoscopy is again upgraded. Herein, we 
describe techniques and essential  fi ndings in the endoscopic diagnosis of bladder 
pain syndrome (BPS).  

   Techniques 

   Local Versus General Anesthesia 

 To allow an accurate diagnosis, cystoscopy should be performed during anesthesia 
since suf fi cient distention is required to visualize lesions characteristic of    BPS. Still, 
cystoscopy using local anesthesia should not be disregarded. Should the communi-
cable patient tolerate several hundred milliliters of  fl uid in the bladder she probably 
does not have BPS. Typically, the patient can accept  fi lling with only a very limited 
volume, irrespective of the true bladder capacity during anesthesia. At the initial 
of fi ce urethrocystoscopy the urethra is examined as to mucosa and caliber. At this 
stage, palpation allows determination of local tenderness either over the bladder, 
maybe unilaterally (as may be experienced in unilateral Hunner lesion), or over the 
urethra, or both. Likewise, graded description of tenderness at examination of the 
genitalia and the various components of the pelvic  fl oor can be established. 
Confusable diseases like tumors, stones, in fl ammations, and metaplasias other than 
those associated with BPS can be excluded. In the absence of Hunner lesions or 
scarring, the bladder should have a normal appearance  [  7,   8  ] . The presence of sub-
mucosal petechial bleedings, the so-called glomerulations, has until now been 
regarded as one of the endoscopic hallmarks of the disease, present after the bladder 
has been  fi lled to capacity  [  3,   9  ] . Cystoscopy performed under local anesthesia may 
not reveal the presence or the true extent of glomerulations.  

   Distension Technique 

 The use of a rigid cystoscope is preferred to allow rapid rinsing of the bladder, 
should bleeding occur. General or regional (spinal or epidural) anesthesia is equally 
useful, the choice depending on the organization of care, ambulatory, or inpatient. 
Diagnostic hydrodistension is performed using the cystoscopy irrigation  fl uid. As a 
standard Cystosol has been suggested, various  fl uids have varying chemical compo-
sition that can in fl uence the result  [  10  ] . A superimposed hydrostatic pressure of 
about 80 cm H 

2
 O above the level of the patient’s bladder is applied by increasing the 

height of the  fl uid bag, in fl ow supervised by the use of a dripping chamber  [  10  ] . The 
 fl uid is allowed to run into the bladder until it stops spontaneously at capacity, as 
observed when checking the dripping chamber. The intravesical volume is noted 
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when evacuating the bladder. The maximum bladder capacity is often reduced in the 
classic type of BPS, whereas it is normal or only slightly reduced in the nonulcer 
variety  [  11,   12  ] . The bladder is re fi lled to approximately 20–50% of capacity and 
again inspected for lesions and hemorrhages, which will not be conspicuous until 
the bladder is  fi lled for a second time. The changes typically involve the dome, 
posterior, and lateral walls of the bladder and spare the trigone. 

 It is important to note any changes of the bladder mucosa during  fi lling already 
from the early phase and on. When in fl ow stops, distension is maintained for 
approximately 3 min  [  10  ] . In the female, especially when regional anesthesia is 
used, leakage around the cystoscope may occur. To get reproducible results, such 
leakage is easily prevented by manual compression around the urethra, applying 
pressure on the anterior vaginal wall on either side of the cystoscope. When there 
are typical mucosal changes, there is bleeding into the cystoscopy  fl uid ruining 
postdistension visibility. By repeated rinsing, clear vision is restored and postdisten-
sion changes can be detected. Those  fi ndings are the essential ones to note. It should 
be remembered that the  fi ndings are primarily diagnostic and they frequently do not 
parallel the type or severity of symptoms or the subsequent response to treatment 
 [  8,   13,   14  ] . 

 The bladder should not be “hydrodilated” by syringe- fi lling or by prolonging 
 fi lling after the bladder capacity is reached. After the diagnostic examination, i.e., 
distension followed by rinsing, re fi lling, and observation, the use of anesthesia fur-
ther offers the opportunity to carry out a therapeutic distension as well.   

   Essential Findings 

   Hunner Lesions 

 The af fi rmation of Hunner’s lesions is dif fi cult or sometimes even impossible if cys-
toscopy is performed without    hydrodistension. Even with hydrodistension, Hunner’s 
lesions are likely to be reliably detected only by trained urologists; biopsy may be 
necessary to con fi rm that it is such a lesion and to exclude carcinoma in situ. 

 One important misconception caused by its name is that the so-called Hunner’s 
ulcer is a chronic ulcer, while it is rather a distinctive in fl ammatory lesion with 
characteristic central fragility, presenting a deep rupture through the mucosa and 
submucosa when provoked by bladder distension. The word “ulcer” suggests that 
it can be seen as an ulcer at cystoscopy without hydrodistension which is mis-
leading. Consequently, the name Hunner’s ulcer was replaced by Hunner’s lesion 
by the ESSIC  [  9  ] . In the ESSIC documents the following de fi nition by M. Fall 
was accepted: “The Hunner’s lesion typically presents as a circumscript, red-
dened mucosal area with small vessels radiating towards a central scar, with a 
 fi brin deposit or coagulum attached to this area. This site ruptures with increas-
ing bladder distension, with petechial oozing of blood from the lesion and the 
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mucosal margins in a waterfall manner. A rather typical edema develops postdis-
tension with varying peripheral extension.” (Figs.  15.1 ,  15.2 , and  15.3 )  [  4,   9  ] . 
Usually, lesions are multiple but occasionally they may be single. It is not 
unusual that more lesions are detected at reinspection than seen at the initial 
phase of distension. The number and location should be noted: lesions on the 
anterior wall, posterior wall, lateral quadrants, fundus, and trigone in consecu-
tive order. Photographs or video records are recommended but optional. The 
classic “IC patch” seems to be more prevalent in postmenopausal and in European 
women  [  15  ] .    

 Over the years, controversy has developed as to the actual existence of this kind 
of lesion. Many urologists maintain that Hunner’s lesions are rare, or do not exist, 
and the fact that they rarely detect them con fi rms this false impression. The distri-
bution varies from 0 to 50% of cases with BPS in various populations, centers, and 
series  [  3,   12  ] . Detection is a matter of training. Today’s urologists are in good 
company, though already Badenoch speculated that this lesion could be produced 
by the cystoscope  [  16  ] , a statement which is not true. Fortunately, the awareness of 
the indispensability of cystoscopy in BPS/IC diagnostics is increasing  [  17  ] .  

   Glomerulations 

 The most constant endoscopic abnormality following hydrodistension in 
patients with BPS is punctuate submucosal bleedings or glomerulations (Fig.  15.4 )  

  Fig. 15.1    Typical cystoscopic view of Hunner lesion: Circumscript, reddened mucosal area with 
small vessels radiating towards a central scar       
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[  3,   9,   10,   18  ] . Typically, they are present in at least three quadrants of the bladder 
and not just in the path of the endoscope. The appearance can be a lattice- or 
 checkerboard-type pattern, or they may appear as splotchy areas over a whole 

  Fig. 15.2    Cystoscopic view of the Hunner lesion with a  fi brin deposit attached to this area       

  Fig. 15.3    Hunner lesion: (    a ) Petechial oozing of blood from the lesion and ( b ) the mucosal mar-
gins in a waterfall-like manner during bladder distension       
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section of the bladder  [  3  ] . More conspicuous changes like ecchymoses or  fl ame 
hemorrhages are sometimes seen. Even though the quantity and locations of sub-
mucosal bleedings are variable, the trigone is usually spared, and predominantly 
the posterior wall, dome, and side walls are affected. Although Messing and 
Stamey  [  3  ]  stated that glomerulations do not occur in the normal bladder, they 
are not speci fi c for IC. Investigations of a later date have demonstrated their 
occurrence in patients without bladder pain  [  19,   20  ] . Thus, they may be just a 
secondary phenomenon, simply the result of stretching the bladder to a volume 
much beyond the volume reached during daily living in patients with a prolonged 
period of chronic under- fi lling, as is the case in patients with sensory urgency, 
pain at bladder  fi lling, urinary frequency, and constantly low  fi lling volumes  [  4  ] . 
In fact, glomerulations are exceptionally found even in completely normal blad-
ders. Furthermore, they have been described in tuberculous cystitis, cyclophos-
phamide-induced and formalin-induced cystitis, radiation cystitis, distension of 
the defunctionalized bladder, and carcinoma in situ  [  13,   21  ] . Sant also noted 
them in patients who have received intravesical thiotepa chemotherapy for treat-
ment of recurrent super fi cial bladder tumors  [  21  ] . Despite the doubts as to the 
speci fi city of glomerulations, the severity of bleeding might have a positive cor-
relation with BPS symptoms  [  22  ] .   

  Fig. 15.4    Petechiae in at least two quadrants (grade I according to ESSIC classi fi cation)       
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   Mucosal Splitting and Cracks 

 Small cracks in the mucosa may appear upon distension but quickly subside, also 
sometimes observed in normal bladders. In patients with the so-called nonulcer 
BPS, multiple, super fi cial, close-set cracks may occur during bladder distention, 
sometimes in a cobblestone pattern, especially in the bladder dome, resulting in 
bleeding spots post distension (Fig.  15.5 ). A more prominent pattern of a similar 
kind although extending deeper is occasionally seen in patients with the classic 
Hunner type of disease (Fig.  15.6 ); these  fi ndings represent sign of pathologic 
mucosal fragility.    

   Bleeding Provoked by Distension 

 It is of interest to mark the volume when Hunner lesions start to bleed and when 
multiple super fi cial mucosal cracks or glomerulations  fi rst appear, subsequently 
producing bleeding. 

 Typically, when emptying the bladder after distention, the  fl uid is clear and then 
becomes more and more blood-tinged for the last 50–100 cc  [  13  ] . Terminal bleed-
ing in the distension  fl uid is a quite typical sign in BPS/IC.  

  Fig. 15.5    Super fi cial cracks occurring during bladder distension. From Johansson SL, Fall M. 
Clinical features and spectrum of light microscopic changes in interstitial cystitis. J Urol, 
1990;143(6):1118–24  [  23  ] . Reprinted with permission from Elsevier       
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   Postdistension Edema 

 A quite characteristic  fi nding at the second  fi lling of the bladder in a patient with the 
classic Hunner type of lesions is a varying degree of edema extending out in the 
periphery of the lesion. The reaction is thought to be caused by mast cell degranula-
tion. The edema demarcates the area of more intensive in fl ammatory involvement 
of the bladder wall, although microscopically the entire mucosa is to some degree 
affected  [  23  ] . In the nonulcer subtype a general edema of the bladder mucosa is 
sometimes seen (Fig.  15.7 ), but just as often there is no edematous reaction, indicat-
ing some difference of obscure signi fi cance in this category of patients.    

   Risks of Bladder Distension 

   Bladder Rupture 

 The anterior, superior portion of the bladder should be continuously observed for pos-
sible rupture during  fi lling. This is a very rare occurrence but should be suspected 
when the in fl ux of  fl uid seems too large and the rate of  fi lling shows no sign of decreas-
ing. Only exceptionally, any other measure than catheter drainage for about 3 days 
would be required. Should bladder distension result in signs of intraperitoneal leakage 
laparotomy is necessary; however an event at distension is never seen by us.  

  Fig. 15.6    General mucosal edema post distension in nonulcer BPS       
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   Bladder Necrosis 

 As example of an as extremely rare as serious complication to bladder distension, 
bladder necrosis has been mentioned  [  24  ] , however not within the knowledge of the 
authors of this chapter.   

   ESSIC Classi fi cation and Cystoscopic Finding 

 In 2004, the ESSIC published recommendations for the diagnostic workup in 
patients suspected of having BPS  [  10  ] . In addition to history and physical exam, 
cystoscopy and biopsy have a central role as diagnostic tools in assessing the BPS 
patient. Standardization of the techniques and description of  fi ndings are indispens-
able to make various studies comparable and translatable  [  9  ] . The cystoscopic 
 fi ndings were graded on a scale from I to IV (Table  15.1 ). A range of mild to severe 
glomerulations is depicted in Figs.  15.4  and  15.8 . As is suggested above it is 
expected that further work will result in modi fi cations and re fi nement of 
categories.        

  Fig. 15.7    Large submucosal bleeding (ecchymosis) (grade II according to ESSIC classi fi cation)       
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   Table 15.1    ESSIC classi fi cation of cystoscopic bladder  fi ndings following hydrodistention   

 Grade 0 normal mucosa 
 Grade I petechiae in at least two quadrants 
 Grade II large submucosal bleeding (ecchymosis) 
 Grade III diffuse global mucosal bleeding 
 Grade IV mucosal disruption, with or without bleeding/edema 
  BPS classi fi cation of types of bladder pain syndrome according to the results of cystoscopy with 

hydrodistension and of biopsies.  
 Biopsy/cystoscopy  Not done   a    b    c  
 Not done     XX  1X  2X  3X 
 Normal  XA  1A  2A  3A 
 Inconclusive  XB  1B  2B  3B 
 Positive  XC  1C  2C  3C 

   a Cystoscopy: Glomerulations grade II–III 
  b With or without glomerulations 
  c Histology showing in fl ammatory in fi ltrates, detrusor mastocytosis, granulation tissue, and/or 
intrafascicular  fi brosis  

  Fig. 15.8    Diffuse global mucosal bleeding (grade III according to ESSIC classi fi cation)       
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         Introduction 

 The role of histopathology in the diagnosis of BPS is primarily one of excluding 
other possible diagnoses. Possible confusing and potentially harmful conditions 
must be ruled out: carcinoma and carcinoma in situ, eosinophilic cystitis, tuber-
culous cystitis, as well as any other entities with a speci fi c tissue diagnosis, such 
as enteric metaplasia, cystitis glandularis, squamous cell metaplasia, and neph-
rogenic metaplasia. Some of these metaplastic conditions have malignant coun-
terparts and in order to rule out such possible malignancies, deep bladder 
biopsies and sometimes directed immunohistochemical staining may be 
necessary. 

 However, biopsy retrieval and histopathological examination may also be of 
value when it comes to diagnosing BPS. Even though most histopathologic features 
are not distinctive of BPS in nonulcer disease, certain signs are, for practical clinical 
purposes, pathognomonic for BPS with Hunner lesion. In recent decades, under-
standing of the properties of various cell system has developed dramatically and, 
moreover, the diagnosis with standard staining procedures and light microscopy can 
now be further re fi ned with immunohistochemistry and even more sophisticated and 
sensitive ampli fi cation techniques such as polymerase chain reaction (PCR) in situ 
and various blot and array techniques.  
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   Biopsy Retrieval, Fixation, and Staining Procedures 

 Biopsies may be obtained by transurethral electroresection of large strips of the 
bladder wall including the detrusor muscle; however cold cup biopsy can also be a 
feasible option. This is somewhat depending on local tradition but the choice of 
biopsy retrieval technique can also be governed by which kind of pathology is sus-
pected and what type of pathology the clinician  fi nds important to rule out. 

 The golden standard of  fi xating tissue specimens is formaldehyde 4%. 
Formaldehyde  fi xation rate is approximately 1 mm per hour; hence small bladder 
specimens are well  fi xated by the time they reach the pathology department. In the 
laboratory the bladder specimen is dehydrated, paraf fi n or wax embedded, and cut 
into series of 4  m (mu)m sections. The specimen is thereafter deparaf fi nized and 
stained with hematoxylin/eosin (Htx-Eo) prior to dehydration and mounting with 
coverslips. Additional stainings are often performed in order to guide the patholo-
gist into a more correct diagnosis. For instance the dye Van Gieson or Sirius may be 
performed to demonstrate  fi brosis. Most antibodies are tested on formaldehyde-
 fi xated tissues and mast cell tryptase may now be visualized using a speci fi c 
antibody. 

 Until recently Toluidine blue, a metachromatic dye, was used and may still be 
used to stain mast cells. The staining procedure with Toluidine blue is, however, 
somewhat problematic. The method is very dependent on low pH during which 
circumstances mast cells containing heparin and chondroitin-sulfate are visualized. 
Chemicals like HCl, citronic acid, and the dye Toluidine blue are unhealthy for the 
personnel dealing with the dying process. This method has for decades been the 
routine dye to stain mast cells but it has now been replaced with a mast cell tryptase 
antibody (Fig.  16.1 ) because of the mentioned reasons plus the fact that metachro-
matic staining sometimes may fail to detect mast cells.   

   Light Microscopic Features 

 Specimens from patients with BPS type 3C (classic IC) as a rule display striking 
histologic alterations, from normal mucosa and detrusor musculature (Figs.  16.2  
and  16.3 ) to prominent epithelial denudation (Fig.  16.4 ) that may be covered by 
 fi brin mixed with in fl ammatory cells, in particular neutrophils. The in fl ammatory 
changes are often wedge shaped and involve the super fi cial part of the lamina pro-
pria, often extending all the way into the lamina muscularis mucosae. Underlying 
granulation tissue is present in the vast majority of the subjects  [  1  ] . These  fi ndings 
tally with those reported already 100 years ago by Hunner, who reported the abun-
dance of granulation tissue formation as well as chronic in fl ammation involving all 
coats of the bladder  [  2  ] .    

 There is an abnormal microvascularity in the lamina propria which may result in 
petechial bleeding or glomerulations, and possibly also epithelial denudation as a con-
sequence of ischemia; this in turn may bring about hemorrhage in the entire lamina 
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propria. BPS type 3C (classic IC) hence displays marked in fl ammatory changes in the 
lamina propria, including the presence of lymphocytes, plasma cells, mast cells, and 
neutrophils. Eosinophils are generally few. Germinal center formation is frequently 
seen. In the detrusor muscle  fi brosis can frequently be displayed (Fig.  16.5 ).  

 The aforementioned light microscopic features differ markedly from what can be 
seen in BPS type 1 and 2. Lepinard reported that whereas pancystitis affected the 
three layers of bladder wall, this was not the case in non-Hunner lesion disease  [  3  ] . 
In another report, comprising 64 patients with Hunner lesion and 44 with non- Hunner 
lesion, Hunner lesion had mucosal epithelial denudation and hemorrhage, granula-
tion tissue, severe in fl ammatory in fi ltrates, high mast cell counts, and perineural 
in fi ltrates. The non-Hunner lesion group, despite sharing a similar symptomatology 
and the same chronic course, had an impervious mucosa with a meagre in fl ammatory 
response, the main feature being numerous, mucosal ruptures and suburothelial 
hemorrhages  [  4  ] . Frequently biopsies are completely normal in patients with 
ESSIC type 1 and 2 disease (non Hunner Lesion disease)  [  5  ]  and, moreover, there 
has been no report on transition from BPS type 1 or 2 to BPS type 3.  

   Ultrastructural Studies 

 Electron microscopy has not been very successful in diagnosing BPS. In an early 
paper on this topic, Collan et al. stated that there was a considerable similarity of the 

  Fig. 16.1    The detrusor muscle. Tryptase in mast cells visualized by immunohistochemistry. 
Mastocytosis with a high number of mast cells within the muscle bundles ( arrows ), in this case >90 
per mm²       
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ultrastructure of epithelial cells between controls and BPS patients  [  6  ] , and some 
10 years later Dixon et al. also failed to discover any differences in the morphologic 
appearances of urothelial cells in patients with BPS as compared to controls  [  7  ] . 

  Fig. 16.2    Normal bladder mucosa displaying intact urothelium (U). Beneath the urothelium 
resides the lamina propria (LP) with, in deeper portions, the detrusor muscle (D)       

  Fig. 16.3    The detrusor muscle. Only loose collagen tissue surrounds the muscle bundles and 
almost no intrafascicular  fi brous tissue is seen       
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Neither could Anderström et al. see any unambiguous ultrastructural surface char-
acteristics for BPS; however, the proportion of cells covered by round, uniform, and 
pleomorphic microvilli was higher in the BPS patients than in controls  [  8  ] . 

 At variance with these reports on lack of diagnostic positive histopathologic 
signs in BPS type 1 and 2, Elbadawi and Light concluded that ultrastructural 
changes appear to be suf fi ciently distinctive to be diagnostic in specimens submit-
ted for pathologic con fi rmation of BPS type 1 or 2. They performed a detailed 
ultrastructural study on patients with BPS type 1 or 2  [  9  ] . A distinctive combination 

  Fig. 16.4    Severe case of bladder pain syndrome. Epithelial denudation with underlying granula-
tion tissue. Heavy in fl ammatory in fi ltrate reaching the deeper portions of the lamina propria (LP) 
and the detrusor muscle compartment (D)       

  Fig. 16.5    ( a ) Detrusor muscle: Fibrosis (F) within the muscle group separates the smooth muscle 
bundles (Sm). ( b ) Same case. Van Gieson staining.  Pink  colored collagen (F) separating the smooth 
muscle bundles (Sm)       
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of  peculiar muscle cell pro fi les, injury of intrinsic vessels and nerves in  muscularis 
and suburothelium, and discohesive urothelium was observed in lesional and less 
markedly in nonlesional samples of all specimens. Marked edema of various tis-
sue 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.  

   Histopathological Detection of Mast Cells in BPS 

 Accumulated evidence has shown that mast cells circulate as primitive CD117- 
and CD34-positive lymphocyte-like cells in the blood which upon relevant stimu-
lation migrate into the tissues, where they complete their maturation and acquire 
phenotypic properties strictly regulated by the local    microenvironment  [  10  ] . 
Besides this, there is also a small pool of mitotic mast cells in the tissues  [  11  ] . 
Currently, mast cells are regarded not only as cells involved in allergic tissue reac-
tions but also as multifunctional immunocompetent cells involved in a variety of 
tissue reactions such as chronic in fl ammation, examples of which are BPS type 3 
and rheumatoid arthritis as well as  fi brosis  [  12  ] . It has thus been shown that the 
mast cell, in addition to histamine and heparin, also contains other highly potent 
in fl ammatory mediators such as leucotrienes, cytokines, and the angiogenic and 
 fi broblast stimulatory factor, basic  fi broblast growth factor (bFGF)  [  13,   14  ] . In 
addition to allergen binding, nerve-derived mediators may also stimulate mast cell 
secretion. Several lines of evidence support the concept of a neuroimmune con-
nection  [  15  ]  and morphological association between mast cells and neuropeptide-
containing nerves has been demonstrated  [  16–  18  ] . Since mast cells are also 
capable to synthesize the pro- fi brotic cytokine TGF- b , and are present in the blad-
der detrusor, they may play an important role in detrusor  fi brogenesis (see 
Fig.  16.5 ) resulting in chronicity seen in some patients with BPS. The role of the 
mast cell as a pathogenetic player in BPS has been further explored in a previous 
chapter. Herein, we will only brie fl y address some speci fi c histopathological 
characteristics. 

 It was demonstrated, in bladder specimens from patients with BPS type 3, BPS 
type 1 or 2, and controls, that mast cells were visualized in terms of metachromasia, 
re fl ecting glycosaminoglycan content, and immunohistochemically, visualizing 
tryptase, chymase, and IL-6 as well as the surface markers CD 117 and stem cell 
factor (SCF)  [  19  ] . In this report, BPS type 3 displayed a six to tenfold increase of 
mast cells in terms of proteinase positivity while BPS type 1 or 2 revealed twice as 
many mast cells as controls. In contrast to BPS type 1 or 2 and controls, BPS type 3 
displayed an abundance of epithelial MC. BPS type 3 also coexpressed SCF and 
IL-6 in the epithelium. 

 The proteinase immunostainings yielded higher number of mast cells in BPS 
mucosal stroma and detrusor musculature as compared to the metachromatic staining 
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mast cells, corroborating what has previously been said about the obvious weakness 
vin detection ability with metachromatic staining as compared to tryptase immuno-
histochemistry.  

   Histopathological Detection of Immunocompetent Cells in BPS 

 There are numerous reports on autoantibodies in patients with BPS  [  20–  22  ]  and, 
moreover, some of the common clinical and histopathological characteristics present 
in BPS patients show certain similarities with other known autoimmune phenomena. 
This is the background to the theory that BPS may arise from autoimmune distur-
bances. The role of autoimmunity in BPS 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 pathologic  fi ndings in BPS arise indirectly as a result 
of tissue destruction and in fl ammation from other, as yet unknown, causes. 

 In a study of 47 BPS patients, Mattila et al. found immune deposits in the vessel 
walls of 33 patients  [  23  ]  and in a subsequent study, electron microscopy evidence of 
endothelial injury was found in 14 out of 20 BPS patients  [  24  ] . There is, no doubt, 
an in fl ammatory response in BPS type 3, of a chronic nature, and this makes it pos-
sible that there is a cell-mediated autoimmune response at hand. In a report encom-
passing 24 BPS type 3 patients, 9 BPS type 1 or 2 patients, and 10 controls  [  25  ]  it 
was found that the BPS type 3 patients displayed aggregates of T-cells as well as 
B-nodules with focal germinal centers. There was a decreased or normal helper/
suppressor ratio and suppressor cytotoxic cells were present in the germinal centers. 
The BPS type 1 or 2 patients, conversely, had only slightly increased number of 
lymphoid cells, dominated by T-helper cells, the BPS type 1 or 2 group not differing 
signi fi cantly from the controls.  

   Histopathological Detection of Neurological Alterations in BPS 

 There has also been emphasis on the neurogenic nature of this BPS. Christmas et al. 
and Hohenfellner et al. identi fi ed nerve  fi ber sprouting, in particular increase of the 
sympathetic out fl ow  [  26,   27  ] . Several other authors have also described autonomic 
nerve changes  [  26–  29  ]  but the  fi ndings of patterns are far from uniform. 

 Tyrosine hydroxylase is the rate-limiting enzyme for all catecholamine synthesis 
 [  30  ] . Scoring the overall presence and density of immuno fl uorescent nerve  fi bers by 
confocal laser scanning microscopy in three different tissue compartments, near 
epithelial cells, in detrusor muscle tissue, and around vessels, a prominent increase 
of tyrosine hydroxylase immunoreactivity in bladder tissue in BPS patients was 
noted, as compared to controls  [  31  ] . This can presumably be interpreted as a sign of 
generally increased sympathetic out fl ow, which in turn lends further support to the 
notion of a neurogenic etiology.      
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         Introduction 

 The aim of clinical urodynamics is to reproduce a patient’s bladder and micturition 
symptoms while making precise measurements in order to identify the underlying 
causes for the symptoms, and to quantify the related pathophysiological processes 
 [  1  ] . The most commonly performed study is the cystometrogram (CMG), in which 
bladder pressures are recorded during both the  fi lling and voiding phases of 
micturition. 

 The role of urodynamic assessment in bladder pain syndrome (BPS) is contro-
versial. Cystometry was once a mandatory investigation as part of the NIDDK diag-
nostic criteria, but these criteria have since largely been abandoned  [  2  ] . The ESSIC 
diagnostic criteria allow a clinical diagnosis of BPS to be made based on the symp-
tom of pain originating in the bladder associated with at least one other urinary 
symptom—in the absence of confusable diseases or conditions. On this basis, there 
is no longer a need to perform CMGs “routinely.” Urodynamic studies are only 
required in order to rule out another pathophysiological process (detrusor overactiv-
ity or bladder outlet obstruction) that, if found, might have an implication in a 
patient’s management. Essentially this applies to patients suspected of having BPS 
but whose symptoms persist despite therapy. 

 BPS is characterized by increased bladder sensation. However, to date there is no 
investigation that can quantify bladder sensation. Comparative cystometry, using 
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saline and potassium chloride infusions in turn, may have a possible role to play in 
identifying patients with BPS (or overactive bladder) who may respond to GAG-
replacement therapy.  

   Cystometry 

 A urodynamic study should only be done in order to answer a speci fi c question. 
There should be an expectation that an abnormal physiological measurement will 
correspond with a clinical event—a symptom or a sign. The study should not only 
aim to reproduce the patient’s symptoms, but it should also reproduce his/her physi-
ological bladder volumes—the post-void residual and functional bladder capacity. 

 The recording of bladder pressures during  fi lling and voiding may be done alone 
or in conjunction with  fl uoroscopy and/or electromyography (EMG). It is impera-
tive that the CMG is performed in a standardized and perfect manner. Important 
points to bear in mind are the following:

    1.    The patient must complete a frequency–volume record over 2–3 days, recording 
the times and volumes at each void both day and night. The functional bladder 
capacity is the maximum voided volume recorded on a frequency–volume diary. 
The addition of a visual analog scale for pain during a given 24-h period is some-
times helpful in interpreting the diary (Fig.  17.1 ).   

    2.    The patient is asked to empty the bladder and a dipstick test of a sample is performed, 
looking for nitrites. If infection is suspected, it should be treated and the CMG 
deferred until the infection has resolved. The immediate post-void residual is mea-
sured by ultrasound. The bladder should not be arti fi cially emptied following this.  

    3.    Once the bladder  fi lling and rectal (or vaginal) pressure lines are inserted and 
connected to the transducers, the system is balanced to zero by opening the 
valves to atmospheric air (Fig.  17.2 ). The transducers’ lines are then opened to 
the bladder and rectal lines before bladder  fi lling begins. Correct placement of 
the pressure lines should be veri fi ed with a cough test at frequent intervals during 
the  fi lling phase.   

    4.    The bladder should be  fi lled on top of the post-void residual and the  fi lling rate 
should not exceed    50 ml/min. Throughout  fi lling, the patient is prompted to 
describe his/her bladder sensation, and speci fi cally to indicate the onset of the 
pain of which he/she complains.  

    5.    Appropriate prompts, which can be standardized for a given urology department, 
should be given to the patient throughout  fi lling to indicate “ fi rst desire to void” 
(FDV) and cystometric capacity ( C  

max
 ).  

    6.    The investigator should aim to  fi ll the bladder to at least the functional bladder 
capacity. If the patient complains of discomfort before functional capacity is 
reached, it is worth stopping temporarily until the discomfort eases, and then to 
resume  fi lling. Maximum cystometric capacity ( C  

max
 ) is reached when the patient 

can no longer tolerate further  fi lling.  
    7.    Pressure monitoring should continue during the voiding phase.      
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   Are Urodynamics Relevant or Useful? 

 There have been two schools of thought with divergent views on the role of uro-
dynamics in BPS. Those who favor using cystometry in the diagnostic pathway 
believe that it is essential in ruling out two important “confusable conditions”—
detrusor overactivity and bladder outlet obstruction—as a prerequisite to making 
a diagnosis of BPS  [  3,   4  ] . This group believes that abnormal urodynamic  fi ndings 
are relevant and that treating them may alleviate the symptoms of which the 
patient complains. Indeed, it was a requirement of the NIDDK criteria that the 
CMG should demonstrate (1) no evidence of detrusor overactivity, (2) sensory 
urgency (FDV at less than 150 ml), (3) a  C  

max
  less than 400 ml, and (4) low bladder 

compliance. These are largely what one would expect in a condition characterized 
by pain and marked sensory urgency and so rigidly de fi ned by the NIDDK. 
However, they are not the foundation on which the diagnosis of BPS is made. It 
must be remembered that urodynamic  fi ndings, with the exception of bladder out-
let obstruction, are simply that—  fi ndings . They are not diagnoses in themselves. 
With the new ESSIC diagnostic criteria, BPS is a clinical diagnosis and it should 
not matter what the urodynamic study reveals—unless it is going to in fl uence a 
patient’s management. This is the philosophy of the second school of thought with 
respect to urodynamics. ESSIC believes that urodynamics do have a role in the 

  Fig. 17.1    A typical frequency–volume record of a patient with bladder pain syndrome. The func-
tional bladder capacity is 300 ml       
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diagnostic pathway, but only for selected patients whose symptoms persist despite 
a reasonable trial of standard therapy. Between 14 and 30% of “BPS patients” are 
found to have detrusor overactivity  [  5  ] . If this is found, it may certainly be worth 
treating them with antimuscarinic agents. It could equally be argued that all BPS 
patients should be started on antimuscarinic agents ab initio. 

 There is one group of patients who deserve special consideration for urodynamic 
investigation—men. It is this group who are highly likely to have “confusable con-
ditions” that may masquerade as bladder pain. In a study in which patients with a 
working diagnosis of BPS were systematically reinvestigated, four out of  fi ve male 
patients had symptoms and uro fl owmetric evidence of bladder outlet obstruction. 
Three of these had bladder outlet obstruction con fi rmed on urodynamics and all 
three obtained complete symptomatic relief with alpha-adrenergic blockade  [  6  ] . 

  Fig. 17.2    The rectal and vesical pressure transducers are balanced to zero by opening them to 
atmospheric pressure before starting the CMG       
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Because BPS is such a rare condition in men, one should have a low threshold for 
performing cystometry.  

   Comparative Urodynamics 

 Comparative urodynamics involves performing consecutive CMGs using normal 
saline followed by 0.2–0.3 M potassium chloride. The use of potassium as a  fi lling 
solution is not only more physiological (as urine is potassium-rich)—but it is also a 
means of performing a potassium sensitivity test (PST) under controlled conditions. 
The PST was devised by Parsons to help in the diagnosis of BPS. It is based on the 
hypothesis that, because of increased urothelial permeability in BPS, potassium 
ions cross through the urothelium and depolarize sensory nerve endings, reproduc-
ing the pain of which the BPS patient complains  [  7,   8  ] . However, the diagnostic 
accuracy of the KCl test has received con fl icting reports  [  9–  12  ] . 

 Comparative cystometry using normal saline followed by 0.2 M KCl has shown that 
the potassium infusion lowers the  C  

max
  obtained by saline by approximately 30% in 

over 90% of patients with a diagnosis of BPS  [  13  ] . The comparative decrease in  C  
max

  
in a control group of non-BPS patients was only 8.6%. The authors recommended 
using a 30% decrease in  C  

max
  with KCl compared to saline as an “indicative” for a 

disorder at the urine–tissue barrier that is typically found in BPS. These  fi ndings were 
reproduced by other authors  [  14  ] . However, a randomized blinded study using 0.3 M 
KCl versus saline in which BPS patients were compared to those with proven detrusor 
overactivity showed that KCl produces an even greater reduction in  C  

max
  in DO  [  15, 

  16  ] . While this might suggest that the two conditions (BPS and DO) may share a simi-
lar pathogenesis, it does not support the notion that comparative cystometry can be 
used to diagnose either IC (as it was previously de fi ned) or BPS (as we now know it). 

 The logical next step for comparative cystometry was to see if it could be used to 
predict which patients might respond best to GAG replacement therapy. In a pilot 
study of 48 BPS patients, who underwent comparative cystometry and subsequently 
received intravesical hyaluronic acid treatment, all patients obtained symptomatic 
relief. However, the improvements appeared to be more signi fi cant in those who had 
a reduction in  C  

max
  of more than 30% with KCl compared to saline  [  17  ] . A subse-

quent study by Daha et al. found that BPS patients who responded to GAG replace-
ment therapy with complete symptomatic remission showed a normalization of the 
modi fi ed potassium test, while potassium sensitivity remained unchanged in 
the group of nonresponders. This suggests that whatever the nature of the disorder 
at the urine–tissue barrier is, it may be detected with potassium testing and cured 
with GAG substitution therapy  [  18  ] . 

 It is important to understand that neither the original 0.4 M PST nor the modi fi ed 
0.2 M (comparative cystometry) test can be used to diagnose BPS: this is still a 
clinical diagnosis. However it may be useful in predicting which patients have a 
higher probability of responding to GAG replacement therapy.      
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    Introduction 

 Bladder pain syndrome (BPS) patients often present with symptoms for which physically 
invasive therapies have been ineffective  [  1  ] . Patients with refractory symptoms may, how-
ever, still respond to complementary and alternative medical treatments (CAM). 

 CAM therapies center upon patient education and encompass a wide variety of 
methods to address concomitant physical and emotional distress. The goal is to 
empower patients, augment traditional medical therapy, and ultimately improve qual-
ity of life (QOL). CAM therapies are frequently used to complement traditional thera-
pies and provide additional treatment options for patients with refractory BPS. CAM 
includes behavioral therapy such as bladder retraining, dietary changes, relaxation 
techniques, acupuncture, yoga, and cognitive-behavioral therapy (CBT). Many of 
these therapies have been reported to reduce pain and improve QOL in patients with 
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other pain-mediated, chronic conditions such as rheumatoid arthritis,  fi bromyalgia, 
back pain, dyspareunia, and vulvodynia  [  2–  5  ] . Just as they have on patients suffering 
from other chronic pain syndromes, CAM therapies may have a signi fi cant positive 
clinical impact on BPS patients. This chapter reviews some of the techniques and 
rationales of the CAM interventions that have been used for the BPS patient.  

   Bladder Retraining 

 Voiding commonly lessens the pain and urinary urgency associated with IC/BPS. 
This, in turn, perpetuates urinary frequency with frequent, low-volume voids, often 
less than 120 mL  [  6  ] . Eventually, a pattern of frequent voiding occurs that may be 
dif fi cult to reverse, even after successful pain management. Additionally, patients 
with long-standing BPS or those with Hunner’s ulcer disease may have an associ-
ated decrease in bladder capacity and compliance. Bladder retraining (BT) is a 
behavioral therapy intended to treat frequent urination by increasing the time 
between voiding intervals. Delayed voiding thereby increases bladder capacity and 
decreases discomfort. BT is most effective when the pain associated with bladder 
 fi lling has been signi fi cantly reduced or controlled through adjuvant treatment  [  7  ] . 

 The most common form of bladder retraining described is timed urination. The 
patient is instructed to void at timed intervals, usually before the urge to urinate. 
This protocol has been found to be ef fi cacious in patients with overactive bladder 
(OAB) or stress urinary incontinence (SUI); however the technique has limitations 
in patients with    BPS. For these patients, a more simplistic approach is to routinely 
defer voiding by a speci fi ed period of time, usually 5–30 min. Progressive increases 
of 15–30 min in the voiding interval every 3–4 weeks resulted in a 50% decrease in 
frequency, nocturia, and urgency in 71% of BPS patients  [  8  ]  according to Chaiken 
et al. who evaluated 42 women with refractory symptoms of BPS for a minimum of 
2 years. The women reported symptoms of urgency and frequency of urination at 
least once every 2 h while awake and persistent pelvic pain and discomfort. They 
were instructed to keep a voiding diary, control  fl uid intake, and practice timed 
voiding and pelvic  fl oor muscle training techniques. After 3 months of treatment the 
voiding interval increased in all patients by an average of 93 min ( p  < 0.001) and 
98% of patients experienced a decrease in the number of voids per day by a mean of 
9 ( p  < 0.01). In addition, 50% of patients reported that their symptoms were mark-
edly improved using a global assessment scale and 71% showed a signi fi cant 
increase in functional bladder capacity on their voiding diaries  [  9  ] . 

 Behavioral therapy is a time-consuming process that requires consistent effort by 
the patient. The process is complicated by patient skepticism about the treatment 
leading to noncompliance and dissatisfaction. Formal written instructions explain-
ing the program, regular follow-up visits, patient monitoring, and encouragement 
can aid in patient adherence to behavioral therapy. Success depends on patients see-
ing their progress over time and accepting the chronic nature of their condition and 
the treatment.  
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   Behavioral Therapy and Patient Empowerment 

 Chronic illnesses, particularly those with associated pain, may have a profound 
effect upon QOL. Feelings of hopelessness and helplessness often result; and their 
impact can be as distressful to the patients as the illness itself  [  10  ] . Catastrophizing 
is a maladaptive coping behavior characterized by excessive focus and rumination, 
and is a signi fi cant predictor of pain severity and diminished QOL in patients with 
chronic pelvic pain  [  11–  15  ] . A recent case-controlled survey demonstrated a cor-
relation between stress, anxiety, depression, and catastrophizing to BPS-speci fi c 
symptoms and a decreased    QOL  [  16  ] . Treatments such as supportive psychotherapy 
and directed psychopharmaceutical agents may assist patients to mentally and emo-
tionally adjust to their condition  [  17  ] . The therapeutic goal is for patients to develop 
a sense of empowerment over their illness. Self-ef fi cacy, the belief that one can 
achieve success in a situation, is affected by the patient’s mental health, cognitive 
thinking patterns, coping mechanisms, and availability or degree of surrounding 
support. A strong sense of self-ef fi cacy improves coping skills, empowers the 
patient, and may lead to better QOL  [  18  ] . Conversely, as patients’ sense of self-
ef fi cacy and control diminishes, they feel more helpless and isolated. Thus, the 
impact of social support on the patient cannot be overemphasized. Social support 
theory has demonstrated that patients with stronger social ties have positive health 
behavior outcomes  [  19  ] . 

 An important resource for information and support is the Interstitial Cystitis 
Association (ICA),   http://www.ichelp.org/    , which was founded in 1984  [  20  ] . This 
not-for-pro fi t organization provides advocacy, research funding, and education to 
patients and clinicians. Additionally, the ICA reviews and recommends numerous 
Web sites, online databases, telephone hotlines, educational videos, health maga-
zines, journal articles, and support groups that can assist patients in making edu-
cated health decisions  [  20  ] . Not only does the ICA provide the location and contact 
information for support groups across the country and around the world, but it also 
links to several forms of online support. Patients can  fi nd help through Facebook, 
Twitter, chat rooms, or blogs, signi fi cantly increasing the accessibility of support. 

 Beyond supportive psychotherapy, patient empowerment may be achieved by 
many of the techniques discussed in this chapter. Additionally, the use of other self-
applied techniques such as physical therapy, dietary changes, patient-initiated treat-
ment of occasional urinary tract infections, and self-intravesical instillations can 
foster a sense of mastery over the medical condition.  

   Cognitive Behavioral Therapy/Psychotherapy 

 CBT includes a broad category of different treatment regimes consisting of a cogni-
tive (thought) component and an interventional behavior component. CBT is 
designed to help patients develop better coping strategies, alter their chronic pain 
beliefs, decrease their catastrophic thinking, and, ultimately, to empower them 

http://www.ichelp.org/


252 Z.C. Baxter et al.

 [  21,   22  ] . Patients are taught to recognize an irrational or catastrophizing thought 
and then learn to replace it with a rational thought. This is combined with an accom-
panying behavior to help alleviate pain or the targeted distressing symptom. CBT is 
most successful when the patient is meeting with a therapist and practicing thought 
recognition and replacement and helpful interventional behaviors regularly. 

 Although it is more dif fi cult to research the ef fi cacy of CBT because it is not as 
standardized as other treatments, numerous studies have shown that CBT increases 
perceived control in patients with chronic pain by reducing pain, helplessness, dis-
ability, and psychological distress  [  23–  26  ] . Sinclair et al. enrolled 90 women with 
rheumatoid arthritis into an interventional CBT program designed to teach pain 
coping therapies. Signi fi cant improvements were observed in self-ef fi cacy, pain 
coping behaviors, fatigue, and overall psychological well-being after engaging in 
CBT  [  27  ] . A large review by Eccleston et al. examined 52 randomized controlled 
trials (RCTs) that implemented CBT or other behavioral therapies for the manage-
ment of chronic pain. It was concluded that, overall, CBT has positive effects on 
pain, distress, disability, and mood with changes that lasted up to 6 months follow-
ing the intervention  [  28  ] . 

 Sex therapy has been hypothesized as another possible treatment for symptoms 
of BPS. A review of the literature, however, demonstrated that well-controlled stud-
ies examining the relationship of sex therapy and BPS are lacking. Research did 
show that the techniques used in sex therapy, including CBT, correlated positively 
with decreased chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) symp-
toms and other sexual pain disorders  [  22  ] . 

 Nickel et al. developed a CBT program for men with CP/CPPS based on the 
theory that individuals may learn to respond to either stressful or positive situations 
similarly based on past experiences  [  29  ] . The design of the CBT program developed 
for CP/CPPS helps patients assess the relationship between their distress due to 
symptoms, the thoughts that occur when they are distressed, and the emotions and 
behavioral responses associated with these thoughts. This CBT program is the  fi rst 
comprehensive attempt to target speci fi c evidence-supported biopsychosocial vari-
ables (i.e., catastrophizing, mood, social interaction, maladaptive rest as a pain cop-
ing strategy) for symptom and QOL improvement in CP/CPPS. Currently, there is a 
pilot study under way which evaluates how this CBT program may improve QOL as 
the primary outcome and any decrease in disability and perception of pain severity 
as secondary outcomes  [  29  ] . 

 The link between BPS, pain, and sexual dysfunction has signi fi cant implications 
for clinicians who play a crucial role in initiating and implementing treatments. 
Psychological approaches to pain management have been shown to decrease pain 
intensity and improve coping in patients with chronic pain conditions and, in the case 
of vulvodynia, reduce catastrophizing and improve sexual functioning in women  [  30, 
  31  ] . Prior to 2000, only two published studies investigated the effectiveness of com-
bination sex therapy and CBT  [  32  ] . Since then, overall results of subsequent studies 
have shown that CBT leads to signi fi cant improvements in pain and psychosexual 
functioning, even when delivered in a research context with a short-term treatment 
duration and group format  [  3,   33,   34  ] . CBT, delivered in actual clinical practice, 
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tailored to the patient’s needs, and targeting speci fi c biopsychosocial variables, may 
help break the pain response cycle and maintain improvement of symptoms  [  32  ] .  

   Acupuncture 

 Acupuncture is an alternative treatment thought to achieve bene fi cial results through 
neuromodulation. Acupuncture stimulates increased production of endorphins and 
is thought to diminish pain by stimulating  a -delta  fi bers while inhibiting unmyeli-
nated sensory C- fi bers  [  35,   36  ] . A pilot study of 12 men with refractory CP/CPPS 
who received a minimum of twice-weekly acupuncture for 6 weeks showed that 
92% of patients had a greater than 50% reduction in their NIH-Chronic Prostatitis 
Symptom Index (NIH-CPSI) total score (28.2–8.5), and 83% of patients had more 
than 75% subjective global improvement. The response rate was unchanged during 
33 weeks of follow-up  [  37  ] . 

 The NIH funded the  fi rst randomized study of acupuncture versus sham acu-
puncture for CP/CPPS. Ninety patients were divided between two groups and 
received treatment for 30 min twice weekly for 10 weeks, with an additional 24-week 
follow-up. Using NIH-CPSI as the validated symptom tool, acupuncture was found 
to be twice as effective as sham acupuncture, a greater number of acupuncture 
patients had a complete resolution of symptoms, and those in the acupuncture cohort 
had better long-term response rates at 20 weeks after treatment compared to the 
sham acupuncture group  [  36  ] . 

 Most recently, Lee et al. evaluated the effects of acupuncture, exercise, and advice 
on the NIH-CPSI scores of men with CP/CPPS. The men were divided into three 
cohorts ( n  = 13). The  fi rst group received treatment advice and exercise; the second 
received treatment advice, exercise, and sham acupuncture; and the third, treatment 
advice, exercise, and acupuncture. Results showed that the NIH-CPSI scores of men 
who received acupuncture reported a signi fi cant decrease in pain compared to the 
men who received sham or no acupuncture. However, there was no reported change 
in urinary symptoms or QOL from pretreatment to posttreatment scores  [  38  ] . 

 A systematic review and meta-analysis evaluating the analgesic effect of acu-
puncture in three-armed, randomized clinical trials comparing acupuncture with no 
acupuncture and with placebo acupuncture concluded that while a small analgesic 
effect was found with acupuncture, it could not be clearly distinguished from bias 
 [  35  ] . Other studies have shown that penetration of a needle through the skin, whether 
at an acupuncture point or not, does in fact have physiological effects  [  35  ] .  

   Guided Imagery 

 Guided Imagery (GI) uses words to direct one’s thoughts or focus to imagined 
visual, auditory, tactile, or even olfactory sensation in order to elicit the  physiological 
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effects of relaxation  [  39  ] . Several theories attempt to describe the physiologic and 
psychological effects seen with guided imagery. The Gate Control Theory suggests 
that only one impulse can travel up the spinal cord to the brain at a time. If that 
pathway is occupied by the thought produced from GI, the pain sensation impulses 
are unable to be carried to the brain, thereby reducing pain sensation  [  39  ] . An alter-
native theory postulates that endorphins are released in response to GI by activating 
the parasympathetic nervous system, thus lowering blood pressure and decreasing 
pulse and respiratory rates while increasing the pain threshold  [  39  ] . Regardless of 
the mechanism, GI has been documented to reduce pain in many conditions such as 
cancer, chronic low-back pain, and postoperative pain  [  40–  42  ] . In one study, 30 
women with IC were randomized into two groups: one group listened to a 25-min 
GI compact disc (CD) speci fi cally designed for BPS patients, twice a day for 
8 weeks, and the other group was instructed to rest during that same time interval. 
At the end of the study, over 45% of the treatment group noted subjective moderate 
or marked improvements on the global response assessment. Mean pain scores 
showed signi fi cant improvement pre- and post-treatment (from 5.50 to 2.57, 
 p  = 0.039), and episodes of urgency decreased signi fi cantly as reported via a voiding 
diary (from 16 to 12,  p  = 0.02)  [  39  ] . Furthermore, the treatment group showed 
signi fi cant reductions in BPS symptoms, as de fi ned by responses on the Interstitial 
Cystitis Symptom Index and Problem Index (IC-SIPI) questionnaire (problem index 
from 11.13 to 9.45,  p  = 0.006, and symptom index from 13.4 to 11.6,  p  = 0.004). 
Comparatively, the nontreatment group remained essentially the same with no 
change in pain levels pre- to post-treatment (from 4.9 to 4.4,  p  = 0.187), episodes of 
urgency (from 9.8 to 9,  p  = 0.684), or their change in their IC-SIPI scores (problem 
index 11.6–9.85, symptom index 12.26–10.71)  [  39  ] . While larger RCTs need to be 
conducted, GI has shown to be a promising option to reduce stress and pain in oth-
erwise refractory chronic pain conditions.  

   Hatha Yoga 

 Hatha Yoga has been promoted for centuries to reduce stress and is potentially use-
ful in the BPS population. Hatha Yoga uses body positions and deep-breathing tech-
niques to provide bene fi cial results in patients af fl icted with numerous chronic 
disorders. Through the incorporation of over 200 individual exercises, all with vari-
ous patient-speci fi c modi fi cations, it is universally adaptable to  fi t almost any 
patient’s medical condition  [  43  ] . Pelvic  fl oor hypertonicity is a comorbid condition 
seen in as many as 85–87% of BPS patients  [  44  ]  that can be targeted for treatment 
through Hatha Yoga. Pelvic  fl oor hypertonicity can be improved by speci fi c posi-
tions, termed “asanas,” which promote relaxation of the levator ani and the super fi cial 
layer of the urethral and anal sphincters. Rotation or dysfunction in the spine, pelvic 
 fl oor, bony pelvis, or sacroiliac joint can create additional musculoskeletal compro-
mise and aggravate chronic urological conditions such as BPS, prostatitis, chronic 
orchitis, vulvodynia, and chronic epididymitis. Yoga programs have been designed 
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to treat those structural dysfunctions in the pelvis and improve chronic urological 
conditions  [  43  ] . Hatha Yoga is not an alternative to traditional treatments such as 
medical and physical therapy and caution should be used before beginning any exer-
cise or yoga program. However, the regular practice of yoga has been shown to 
increase endorphin release, improve muscle strength, aerobic capacity, and pain 
control and decrease stress and fatigue. There have also been reports of improved 
psychological and emotional well-being  [  43,   45–  47  ] .  

   Diaphragmatic Breathing 

 Diaphragmatic breathing, used alone or with yoga, can considerably reduce stress 
and anxiety. In times of stress, we subconsciously tend to inhale and hold our breath. 
The most signi fi cant and therapeutic advantage of diaphragmatic breathing is in the 
exhalation, which lasts twice as long as the inhalation. The exhalation noti fi es the 
body that it can relax and resume essential body functions by ameliorating the “ fi ght 
or  fl ight” state  [  48,   49  ] . 

 Diaphragmatic breathing is deep, abdominal breathing, rather than shallow 
breathing from the chest. The patient is taught to take slow, deep inhalations allow-
ing for sequentially deeper relaxation with each breath. Diaphragmatic breathing is 
often used for treatment of hypoventilation, anxiety, or stuttering disorders  [  49  ] . In 
a small study by Mendelowitz et al. 19 patients with BPS and pelvic  fl oor dysfunc-
tion were given therapy consisting of sitz baths, 2 mg of diazepam (three times a 
day), and relaxation therapy which included diaphragmatic breathing and progres-
sive relaxation techniques. After 3 months of therapy, patients reported a signi fi cant 
reduction in pain and urgency scores as demonstrated on visual analog scales  [  50  ] .  

   Paradoxical Relaxation 

 The primary support for the pelvic organs comes from the levator ani muscles which 
are often hypertonic, thus producing pain and urinary symptoms in patients with 
BPS and CP/CPPS  [  44,   51  ] . Certain types of chronic pelvic pain may re fl ect a self-
perpetuating state of tension in the pelvic  fl oor. Cycles of tension, anxiety, stress, or 
pain induced pelvic  fl oor muscle hypertonicity, tension, spasms, and myofascial 
trigger points that are sensitive to palpation  [  44,   52,   53  ] . This is more commonly 
known as pelvic  fl oor dysfunction and is prevalent in men and women with BPS. 

 Paradoxical relaxation (PR) is a technique in which manual therapy is used to 
teach the pelvic  fl oor muscles to contract and relax, thereby decreasing the resting 
tone of the muscles and breaking the cycle of pain and spasm  [  51  ] . Anderson et al. 
treated 138 men with refractory CP/CPPS for 1 month using PR and myofascial 
trigger point release therapy (MFRT). 72% of patients reported “moderate” or 
“marked improvement” based on global response assessments, with over 50% of 
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patients having a 25% or greater reduction in pain and urinary symptom scores as 
scored by the pelvic pain symptom survey (PPSS). In patients with a 50% or greater 
improvement level, median pain and urinary symptom scores decreased by 69% and 
80%, respectively  [  53  ] . When used repetitively and with proper technique, the prac-
tice of PR reduces hypertonicity of the pelvic  fl oor muscles and provides signi fi cant 
relief to patients with BPS and comorbid pelvic  fl oor dysfunction.  

   Conclusion 

 Complementary and alternative therapies have demonstrable bene fi ts for patients 
suffering from chronic pain syndromes and may likely be effective, adjunctive ther-
apies appropriate for many patients suffering from BPS. CAM therapies are a broad 
and diverse group of treatments that may be individualized to each patient. Further 
research is needed to determine if and which CAM therapy is suitable for a given 
patient, but there is mounting evidence that alternative treatment modalities may be 
bene fi cial to many patients both today and in the future.      
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       Introduction 

 While the pathophysiology of Bladder Pain Syndrome (BPS) remains uncertain, 
many theories exist linking dietary intake and symptoms, including alterations in 
urothelial barrier protection, organ-cross talk, neural upregulation, neurogenic 
in fl ammation, and others. Most of the studies performed to assess the role of diet on 
BPS have been anecdotal reports and questionnaire-based studies, but what they do 
suggest is that there is a high prevalence of food and beverage sensitivity in this 
patient population. Unfortunately, therapy for this condition is frequently subopti-
mal due to often-encountered comorbid medical disorders such as irritable bowel 
syndrome, migraine headaches, vulvodynia, and  fi bromyalgia  [  1–  4  ] . This poses a 
particular challenge for clinicians wishing to make dietary recommendations for 
patients. The remainder of this chapter discusses links between diet and bladder 
pain, as well as dietary considerations among BPS and its comorbid conditions.  

   The Link Between Diet and BPS-Related Pain 

 The exact pathogenic mechanism of BPS remains to be established; however prom-
ising hypotheses do exist to explain how diet may alter associated symptoms. One 
commonly held theory is that a dysregulated or disrupted bladder urothelial barrier 
is responsible. Studies suggest that epithelial dysfunction can lead to the migration 
of urinary solutes across the urothelium with subsequent provocation of BPS symp-
toms  [  5  ] . Barrier disruption is believed to be due to abnormal protein expression, 
speci fi cally with alterations of the glycosaminoglycan (GAG) layer  [  6  ] ; dysregula-
tion of other proteoglycans, cell adhesion, and tight junction proteins; and bacterial 
defense molecules  [  7  ] . Taken together, an altered urothelial barrier would allow 
normally innocuous substances, perhaps dietary metabolites, the opportunity to 
become noxious stimuli. Another mechanism that might contribute to urologic 
symptom production is organ “cross talk.” Animal studies have demonstrated that 
colonic irritation and cross-afferent pelvic stimulation can lead to bladder cross-
sensitization via integrated sensory pathways  [  8  ] . Hence, diet’s in fl uence on the 
bowel may modulate the pelvic pain seen in BPS  [  9  ] . Neural upregulation, either 
centrally or peripherally, is thought to amplify the effect of diet upon symptoms 
produced by other pathological mechanisms  [  10  ] . Neural upregulation may occur 
via neurogenic in fl ammation, by which mediators are directly released from sen-
sory nerves resulting in various in fl ammatory changes  [  11  ] . 

 BPS patients often report altered symptoms with certain foods, beverages, and 
dietary supplements; however, this association is not seen in all patients. Additionally, 
sensitivity to individual comestibles may vary between patients  [  12  ] . Historically, one 
of the early tenets of dietary modi fi cation with BPS was dietary restriction. Some of 
the evidence for this intervention was based on the observation that alcohol and foods 
high in acid and arylalkylamines increased discomfort in some individuals  [  13  ] . 
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Another early study demonstrated that BPS-related pain was increased in more than 
half of the study population by acidic and spicy foods, alcoholic or carbonated bever-
ages, and coffee and tea  [  14  ] . The following sections discuss these  fi ndings.  

   The Effect of Acid Foods 

 Recent studies suggest that acidic foods exacerbate bladder pain  [  15–  17  ] , and ingestion 
of alkalinizing agents such as sodium bicarbonate or agents that neutralize acid in food 
such as calcium glycerophosphate  [  18,   19  ]  may provide symptomatic relief. Outside of 
cranberries, other acidic foods do not necessarily produce a change in urine pH or a cor-
responding change in the physiologic state of the bladder  [  20  ] . However, with reference 
to the possibility that alterations in urinary pH lead to alteration of symptoms, one pro-
spective, randomized, double-blind study was performed  [  15  ] . The study involved 26 
women with BPS, and consisted of crossover intravesical instillations of urine at a physi-
ological pH (5.0) and neutral buffered pH (7.5). No statistically signi fi cant difference in 
pain scores was noted in patients with BPS upon instillation of urine at physiological pH 
or sodium-buffered saline; and no signi fi cant change from baseline scores was seen after 
instillation in either group. Although the study did suggest that urine pH has little direct 
sensory effect on the bladder surface, it does not preclude other mechanisms by which 
acidic foods may affect bladder symptoms. Dietary lists for BPS patients suggest acidic 
comestibles such as grapefruit and oranges as triggers for bladder in fl ammation and 
should be used with caution  [  21  ] .  

   The Effect of High-Potassium Foods 

 Dietary information for BPS patients includes limiting high-potassium foods to avoid 
increasing bladder symptoms. Potassium levels in the urine are typically high with a 
range from 24 to 133 mEq/L  [  22  ] . Many studies have demonstrated the phenomenon of 
epithelial leak with increased urinary potassium absorption and exacerbation of bladder 
pain; however, the studies were small, underpowered investigations with a limited num-
ber of subjects  [  22–  24  ] . In addition, these studies used intravesical “KCl challenges” 
and did not quantify or record food-related potassium intake. The recommendation of 
limiting dietary potassium is further complicated by the fact that surveys of foods that 
worsen bladder symptoms indicate that BPS patients do not typically experience food 
sensitivities when consuming certain high-potassium foods including white or sweet 
potatoes and milk  [  12  ] . What is missing is a better understanding of how changes in 
dietary potassium lead to changes in urinary levels of potassium, and if the changes in 
dietary intake are signi fi cant enough to cause symptoms as demonstrated with potas-
sium sensitivity testing. Clearly there is no consensus regarding dietary potassium intake, 
and additional work is needed before any conclusions should be drawn.  
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   The Effect of Caffeine 

 Surveys on food sensitivities indicate that when patients report that they are food 
sensitive, some of the most problematic comestibles are coffee, tea, and chocolate 
 [  12–  14,   25  ] . Although the ingredient responsible for triggering  fl ares has not been 
established, a common denominator for these products is caffeine. A study of caf-
feine ingestion in healthy volunteers demonstrated that caffeine caused an initial 
increase in voiding frequency  [  26  ] . Ultimately, the volunteers appeared to develop 
a tolerance to the caffeine, resulting in no overall difference in voiding frequency 
over the course of the study.  

   The Effect of Alcohol 

 Alcohol use as a possible trigger for BPS symptoms was investigated by a survey 
conducted by the IC Network. They found that 94% of 535 patients responding 
reported that their bladder symptoms increased when drinking various alcoholic 
beverages  [  27  ] . While only 5% of patients reported  fl ares lasting longer than 1 week, 
75% of patients stated that they had an increase in pain after drinking alcohol. 
Responses varied widely, but results suggested that alcoholic beverage tolerance 
from worst to best included wines (white wines provoking fewer reactions than red 
wines); mixed drinks; beers (with lighter beers being easier to tolerate); and “hard 
liquor” alcohol (scotch and brandy being better tolerated than tequila and vodka). In 
guiding decision-making, the study advocated patient avoidance of all alcohols 
when symptoms are active, and if alcohol is to be consumed, that it be followed by 
water to dilute the effect of alcohol in the urine.  

   New Directions Regarding Comestibles 

 More rigorous studies have only recently been undertaken to better assess diet’s 
role in BPS. In a study by Shorter et al., a validated questionnaire was used to 
determine the incidence of women who feel that foods, beverages, and dietary 
supplements have an effect on bladder symptoms, as well as to determine which 
foods and beverages exacerbate or ameliorate the symptoms of BPS  [  12  ] . Results 
of this survey indicated that of 104 respondents who met the National Institute for 
Diabetes and Digestive Kidney Diseases criteria for BPS 90% felt that edibles did 
affect bladder symptoms. Furthermore, out of 175 individual items listed, 35 
comestibles were found to be the chief offenders including caffeinated, carbon-
ated, and alcoholic beverages, certain fruits and fruit juices, arti fi cial sweeteners, 
and spicy foods. Patients who reported that speci fi c foods worsened symptoms 
tended to have higher O’Leary–Sant Pain Index (OSPI) and Pain, Urgency, 
Frequency (PUF) scale scores. 
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 A study recently published out of the University of South Florida surveyed mem-
bers of the Interstitial Cystitis Association (ICA) with a Web-based questionnaire 
 [  28  ] . The goal was to better de fi ne what truly exacerbates or improves BPS symp-
toms, using a symptom-based Likert scale to assess the effect of 344 consumable 
items on urinary frequency, urgency, and/or pelvic pain symptoms. Of the 598 com-
pleted surveys, 95.8% of respondents noted that certain foods/beverages affected 
symptoms. Most items were found to have no effect on symptoms, but the biggest 
offenders were similar to those previously reported: citrus fruits, tomatoes, vitamin 
C, arti fi cial sweeteners, coffee, tea, carbonated and alcoholic beverages, and spicy 
foods  [  12  ] . Again as found in other studies, both calcium glycerophosphate and 
sodium bicarbonate appeared to lead to improvement or symptomatic relief. Studies 
such as these are inherently subject to selection bias, but do help focus further inves-
tigative efforts given that the  fi ndings are not so disparate from what have been 
demonstrated by others. 

 Based upon these observations, many clinicians caring for patients with BPS 
advocate an elimination diet  [  21  ] . This diet entails the avoidance of potentially nox-
ious foods/beverages for 2 weeks; these items are then reintroduced one at a time to 
determine whether or not a speci fi c item provokes an exacerbation of symptoms. 
This intervention is often successful at alleviating symptoms. Care should be taken 
to avoid an overly restrictive diet as this can have a negative impact on overall 
health. Table  19.1  shows current dietary recommendations for patients with BPS.   

   Co-morbidities of Bladder Pain Syndrome and Diet 

 The management of BPS is made all the more dif fi cult when clinicians must take 
into consideration co-morbidities often associated with this syndrome. Many of 
these conditions pose as additional pain generators. Furthermore, the symptoms of 
many of these comorbid conditions may be altered by diet. In one case–control 
study, some conditions commonly found to exist along with chronic pelvic pain 
included irritable bowel syndrome (IBS)/gastrointestinal symptoms, vulvar/vaginal 
pain,  fi bromyalgia, and headache  [  29  ] . Taken a step further, one study identi fi ed 25 
publications with signi fi cant data linking urological conditions such as BPS and 
non-urological unexplained clinical conditions, some of which are mentioned above 
 [  30  ] . When trying to reconcile all of these conditions, it is clear that dietary advice 
must take into account comorbid conditions.  

   Irritable Bowel Syndrome 

 IBS is the second most common comorbid disease found in BPS patients. It is char-
acterized by chronic symptoms that may include abdominal discomfort, altered 
intestinal motility, abdominal pain and distension, feelings of incomplete evacua-
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tion, mucous in the stool, straining or urgency, and associated psychosocial distress 
 [  31  ] . As with BPS, the cause of IBS is unknown, yet these patients share many epi-
demiological, clinical, and pathophysiological  fi ndings  [  32  ] . 

 Diet therapy must be tailored to address the speci fi c gastrointestinal symptoms 
experienced. Modi fi cations of nutritional intake that have been successful in IBS 
include such limitations as dietary fats to no more than 50 g/day, caffeine, sugars 
(particularly fructose in all forms), lactose, sugar alcohols, alcohol, wheat, citrus, 

   Table 19.1    BPS dietary recommendations  [  12  ]    

 Foods identi fi ed as most bothersome to BPS 
patients 

 Foods identi fi ed as least bothersome to BPS 
patients 

 Coffee (caffeinated)  Water 
 Coffee (decaffeinated)  Milk, low-fat 
 Tea (caffeinated)  Milk, whole 
 Cola soda  Bananas 
 Noncola soda  Blueberries 
 Diet soda  Honeydew melon 
 Caffeine free soda  Pears 
 Beer  Raisins 
 Red wine  Watermelon 
 White wine  Broccoli 
 Champagne  Brussels sprouts 
 Grapefruit  Cabbage 
 Lemons  Carrots 
 Oranges  Cauli fl ower 
 Pineapple  Celery 
 Cranberry juice  Cucumber 
 Grapefruit juice  Mushrooms 
 Orange juice  Peas 
 Pineapple juice  Radishes 
 Tomato  Squash 
 Tomato products  Zucchini 
 Hot peppers  White potatoes 
 Spicy foods  Sweet potatoes/yams 
 Chili  Chicken 
 Horseradish  Eggs 
 Vinegar  Turkey 
 MSG  Beef 
 Nutrasweet  Pork 
 Sweet and Low  Lamb 
 Equal  Shrimp 
 Saccharin  Tuna  fi sh 
 Mexican food  Salmon 
 Thai food  Oat 
 Indian food  Rice 

 Pretzels 
 Popcorn 
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corn, and gas-forming foods such as legumes and certain vegetables  [  33  ] . Although 
many physicians recommend bran in the management of constipation, this therapy has 
been found to worsen symptoms in patients with IBS. Soluble verses insoluble  fi bers 
(bulk forming laxatives such as psyllium  fi ber) with adequate liquids are recom-
mended, as well as small versus large meals  [  34  ] . Similar to BPS patients, IBS patients 
often feel anxious about food and consume unnecessarily restrictive diets, resulting in 
poor nutrition status, increased anxiety, and worsened symptoms  [  35,   36  ] .  

   Fibromyalgia Syndrome 

 Fibromyalgia syndrome is de fi ned by the American College of Rheumatology as a 
history of widespread pain persisting for greater than 3 months in 11 of 18 well-
de fi ned tender point sites found on digital palpation  [  37  ] . An estimated 19% of 
patients with BPS also have FMS, with a large overlap in symptoms even if patients 
do not share both diagnoses  [  38  ] . Unfortunately despite high prevalence among 
BPS patients, the dietary information for FMS is rather generic. 

 A review of studies determining the effect of dietary modi fi cations on patients 
with rheumatic conditions including FMS indicated that 40% of the participants felt 
that dietary modi fi cations, without listing speci fi c items, had an in fl uence on mitiga-
tion of their symptoms  [  39  ] . A separate review on diet and FMS drew the conclu-
sion that patients express a desire to maintain dietary interventions in their quest for 
pain relief  [  40  ] . This study was focused on a vegetarian diet but was not well con-
structed. A recent review article on diet and FMS suggested that the bene fi t of a 
vegetarian-based diet may be due to increased antioxidant intake, and weight con-
trol was an effective tool at controlling symptoms  [  41  ] .  

   Chronic Fatigue Syndrome 

 Chronic Fatigue Syndrome is associated with BPS in roughly 9% of BPS patients 
 [  42  ] . It is de fi ned as a persistent or relapsing fatigue of at least a 6-month duration 
that is not alleviated by rest and that causes substantial reduction in activities. The 
fatigue cannot be explained by medical or psychiatric conditions and must be 
accompanied by four of the eight case-de fi ning symptoms (unusual post-exertional 
fatigue, impaired memory or concentration, un-refreshing sleep, headaches, muscle 
pain, joint pain, sore throat, and tender cervical nodes)  [  43  ] . 

 The etiology of CFS has not been determined; however, an impaired immune system 
has been implicated, or possibly abnormal or insuf fi cient response to oxidative stress 
 [  44  ] . Various treatments such as consuming a balanced diet, limiting caffeine intake, and 
drinking adequate  fl uids, along with medications, are sometimes effective. There exists 
no consensus for the use of dietary supplementation with vitamins and minerals as a 
treatment for CFS  [  45  ] ; however,  d -ribose, a form of sugar, seems promising in 
decreasing pain associated with CFS  [  46  ] . An example of the dietary management 
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dilemma is seen with BPS patients who avoid food groups such as fruits, and end up 
lacking in powerful antioxidants including beta-carotene and Vitamin C, important for a 
properly functioning immune system and potentially bene fi cial for CFS.  

   Vulvodynia 

 Vulvodynia, a condition of chronic vulvar pain with no apparent etiology, is frequently 
found in the BPS population  [  47–  50  ] . The  fi rst report of diet’s in fl uence upon vulvo-
dynia centered upon the use of calcium citrate for a patient with high levels of urinary 
oxalate. The result was the cessation of her bladder pain symptoms  [  51  ] , and a possi-
ble new intervention for these patients. Baggish et al. took a closer look, comparing 
urinary oxalate excretion in patients with vulvodynia versus that of controls and evalu-
ated the role of dietary intervention in vulvodynia patients  [  52  ] . They found no differ-
ence in the 24-h excretion of oxalate between the two groups. Fifty-nine of the patients 
with vulvodynia and elevated oxalate concentrations were treated with a low-oxalate 
diet and calcium citrate supplementation. Only 14/49 (24%) had erythema or pain but 
there was no placebo group for comparison; hence no substantial conclusions regard-
ing dietary intervention can be drawn. Another group examined the link between 
dietary oxalates and the development of vulvodynia  [  53  ] . This was a population-
based, case–control study of women with and without vulvodynia. They found no 
increased risk of developing vulvodynia with increased oxalate intake. Taken together, 
it appears that the link between vulvodynia and dietary oxalate is at best anecdotal.  

   Depression 

 Depression is frequently identi fi ed in the BPS population  [  54  ] . While it is well docu-
mented that antidepressant medications are often helpful in the management of depres-
sion, promising evidence indicates that essential fatty acids, speci fi cally omega 3-fatty 
acids, found in cold water  fi sh, play an essential role in brain structure and function 
and that inadequate amounts of these essential fatty acids may be implicated in depres-
sion  [  55  ] . Speci fi cally, work is ongoing to better understand the association between 
depression and a pro-in fl ammatory cytokine pro fi le that can be seen in patients with a 
higher omega-6 fatty acid-to-omega-3 fatty acid ratio  [  56  ] . Whether there is a role for 
dietary intervention remains to be determined.  

   Neuropathic Pain 

 Neuropathic pain is de fi ned as pain arising from a lesion or disease affecting the 
somatosensory system  [  57  ] . Patients with BPS often have coexisting neuropathic pain 
that is dif fi cult to treat  [  29  ] . A recent case series examined  fi ve patients, all with 
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different neuropathic pain conditions (cervical radiculopathy, thoracic outlet syn-
drome,  fi bromyalgia, carpal tunnel syndrome, burn injury), treated with high oral 
doses of omega-3  fi sh oil  [  58  ] . Outcome measures were measured pre- and post-
treatment with various validated surveys. These patients had clinically signi fi cant pain 
reduction and improved function, such as grip strength, based on both subjective and 
objective measures up to as many as 19 months post treatment. A randomized control 
trial would be bene fi cial to investigate this further. Neuropathic pain also frequently 
coexists with depression. Perhaps the treatment of one disorder may be bene fi cial for 
the other as there may be a shared neurogenic pathophysiology  [  59  ] . As stated previ-
ously, work is needed to understand the role of omega-3 fatty acids in depression.  

   Headache 

 Many BPS patients present with a review of systems signi fi cant for headache  [  2  ] . 
Historically, foods such as cheese, alcohol, chocolate, and citrus fruits were thought 
to be triggers for migraines; yet this theory has not been borne out by the literature 
 [  60  ] . Two bene fi cial supplements in the battle against headache appear to be 
ribo fl avin and coenzyme Q10, both proving ef fi cacious in reducing the frequency 
and duration of headache days, particularly for migraine headache  [  61  ] . Another 
study, recently published by the International Headache Society, showed that dietary 
restriction based on IgG antibodies might be an effective strategy to reduce the fre-
quency of migraine headache attacks  [  62  ] .  

   Conclusion 

 The prevalence of sensitivities to varied comestibles appears to be high amongst 
BPS patients. Sensitivities to foods and beverages may be derived from varied 
pathologic mechanisms. Based upon mainly anecdotal  fi ndings and survey studies, 
certain food types affect symptoms of BPS and comorbid conditions more than oth-
ers, suggesting that a controlled method to determine dietary sensitivities, such as 
the elimination diet, may play an important  fi rst-line role in the management of the 
BPS patient. Consideration of the effect of diet on comorbid conditions may also 
need to be taken into account when counseling patients.      
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         Introduction 

 Traditionally in urology, the term pelvic  fl oor dysfunction has referred to low-tone 
or laxity. The majority of research has focused on proper diagnosis and treatment of 
lax pelvic  fl oor muscles (PFM) and resultant disorders such as pelvic organ prolapse 
and    incontinence. Physiotherapist-based treatment has been demonstrated to be 
effective for urinary incontinence via pelvic  fl oor strengthening  [  1,   2  ]  and physio-
therapy is a mainstay of the treatment of urinary stress incontinence  [  3  ] . 

 More recently, clinicians have recognized the hypertonic pelvic  fl oor and its rela-
tionship to bladder pain syndrome (BPS). As with low-tone pelvic  fl oor dysfunc-
tion, clinicians rely on collaboration with physiotherapists to treat high-tone 
dysfunction and other musculoskeletal abnormalities that accompany BPS. The 
Bladder Pain Syndrome International Consultation on Incontinence recommends 
referring BPS patients to a physiotherapist as a  fi rst-line therapy  [  4  ] . 

 In 2005, the International Continence Society developed the term overactive pel-
vic  fl oor muscles (OPFM). This is de fi ned as: “a situation in which the pelvic  fl oor 
muscles do not relax or may even contract when relaxation is functionally needed, 
for example during micturition or defecation. This condition is based on symptoms 
such as voiding problems, obstructed defecation, or dyspareunia and on signs like 
the absence of voluntary pelvic  fl oor muscle relaxation”  [  5  ] . A variety of terms have 
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been used for this condition in the last 30 years. More recently, OPFM has been 
described as high-tone pelvic  fl oor dysfunction  [  6  ] , short pelvic  fl oor  [  7  ] , and pelvic 
 fl oor hypertonic disorder  [  8  ] . 

 There has also been a developing body of literature focusing on treatment of the 
pelvic  fl oor of male patients with chronic prostatitis/chronic pelvic pain syndrome 
(CP/CPPS). Both BPS and CP/CPPS are conditions with similar patient symptoms 
and proposed similar pathophysiology. Due to the lack of differentiating criteria, 
BPS and CP/CPPS recently have been combined and described as urologic chronic 
pelvic pain syndromes (UCPPS) in recent literature and research. Therefore, UCPPS 
may be used in this chapter when referring to both conditions.  

   Prevalence 

 There is extensive descriptive literature regarding the abnormalities detected in the 
PFM and the pelvic girdle of the BPS patient but there is limited research on their 
prevalence. Lack of common terminology across disciplines and lack of validated 
diagnostic measures of the pelvic  fl oor present barriers to determining the preva-
lence of OPFM. Though generally accepted that tenderness and hypertonus on pal-
pation as well as the inability to properly relax the pelvic  fl oor are diagnostic, there 
are no accepted diagnostic values for OPFM on manometry, EMG, or imaging. 

 One study found the prevalence of OPFM in BPS patients to be 50–87%  [  9  ] . 
Another study examining voiding symptoms of BPS patients found that 76% have 
voiding dysfunction and elevated urethral closure pressures suggestive of OPFM 
 [  10  ] . A recent study of 231 BPS patients demonstrated that 48% of women with 
BPS met the criteria for bladder outlet obstruction. Further urologic testing per-
formed on these patients allowed the authors to conclude that this is due to voiding 
dysfunction, also suggestive of OPFM  [  11  ] . Hetrick et al. compared 62 men with 
CPPS to 89 healthy controls and found signi fi cant difference in pelvic  fl oor  fi ndings 
 [  12  ] . Increased muscle tone was found in 57% compared to 12% in the control 
group, and the incidence of pain with PFM palpation was 73% in the CPPS group 
compared to 15% in the control patients. 

 Sacro-iliac (SI) joint dysfunction, myofascial trigger points, and myofascial pain 
syndromes of the external musculature have been observed in the CPP patients 
 [  12–  15  ] , but there is limited data on these  fi ndings speci fi cally in the BPS patient.  

   Etiology 

 The complex pathophysiology of the development of OPFM in relationship to BPS 
is detailed in the Pelvic Floor chapter of this book. The excessive visceral afferents 
that are activated in the BPS patient can lead to hypertonus of the PFM via viscero-
somatic neuropathic re fl exes  [  16  ] . However, this explanation of PFD development 
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as a physiologic reaction to BPS does not take into account that hypertonus might 
develop concurrently with UCPPS or even precede UCPPS in some cases. Therefore, 
this chapter focuses on the development of OPFM in the context of the rest of the 
musculoskeletal system. 

 Abnormal voiding behaviors, psychological distress, and direct neuromuscular 
injury to the pelvic  fl oor have all been cited as causative for OPFM  [  16  ] . Though 
OPFM may develop secondary to a visceral pain disorder or multiple visceral pain 
disorders, it may also develop secondary to another adjacent myofascial pain syn-
drome. A myofascial pain syndrome is a myalgic condition characterized by local 
and referred pain that originates in a myofascial trigger point (MTrP). A myofascial 
trigger point is de fi ned as a hyperirritable spot, usually within a taut band of skeletal 
muscle or the muscle fascia that is painful on compression and causes characteristic 
referred pain, local tenderness, autonomic phenomena, and proprioceptive distur-
bances  [  17  ] . The PFM can have MTrPs; therefore in some cases overactive pelvic 
 fl oor is a myofascial pain syndrome. The development of an MTrP, as described 
comprehensively by Gerwin, can be caused by acute overuse, direct trauma, persis-
tent muscular trauma, prolonged immobility, systemic biochemical imbalance, 
associated trigger points in adjacent tissue, afferent input from joints, afferent input 
from internal organs, or stress  [  18  ] . 

 The pelvic  fl oor is vulnerable to dysfunction as it coordinates with muscles of the 
back, abdomen, buttocks, and thighs to maintain skeletal position as well as those of 
the upper pelvis, vagina, and rectum to provide local support to the pelvic organs. 
Several authors have associated poor posture with pelvic  fl oor hypertonus, including 
Baker’s description of “typical pelvic pain posture,” which involves thoracic kypho-
sis and excessive lumbar lordosis  [  19  ] . Thiele proposed that excessive  fl exion of the 
coccyx in sitting posture results in OPFM  [  20  ] . The presence of SI joint dysfunction, 
even without prolonged poor posture, may serve as an impetus for the development 
of the OPFM. Voluntary behaviors may worsen hypertonus. This is seen in the patient 
that actively contracts the PFM in order to suppress urge or mistakenly performs 
PFM-strengthening exercises as a proposed panacea for bladder symptoms.  

   Physiotherapy for UCPPS 

 Few studies have been completed examining the effects of manual therapy tech-
niques upon patients with UCCPS symptoms. Weiss reported on the use of manual 
therapy of the pelvic  fl oor in 10 patients with BPS and 42 patients with frequency/
urgency  [  21  ] . Seven of the ten BPS patients reported moderate to marked improve-
ment in symptoms. Oyama et al. treated 21 patients with BPS and OPFM biweekly 
with transvaginal Thiele massage  [  22  ] . Though the sample size was small there was 
statistically signi fi cant improvement in BPS symptoms and a decrease in pelvic 
 fl oor hypertonus. 

 Fitzgerald et al. have completed and published the only prospective study of manual 
therapy of the pelvic     fl oor  [  23  ] . It was a feasibility trial comparing myofascial physical 
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therapy to global therapeutic massage in 23 men and 24 women. Patients randomized 
to the myofascial physical therapy arm reported a global assessment response rate of 
57%, which was signi fi cantly higher than the rate of improvement reported by the 
global therapeutic massage treatment group (21%).  

   Evaluation of the Patient 

 Though the limited prevalence data indicates that many BPS patients have pelvic 
 fl oor dysfunction, not all BPS patients have PFD or require a referral to a physio-
therapist. A focused patient history and physical exam can help the clinician iden-
tify an appropriate patient for physiotherapy.  

   History 

 A musculoskeletal history is necessary for all BPS patients. It is important to assess 
events that have happened throughout the course of the lifetime not just the immedi-
ate past. Conditions including medical procedures and child/adulthood sports inju-
ries should be addressed. A detailed orthopedic and trauma history is important, as 
many events could be predisposing factors that the patient may not consider rele-
vant. Many musculoskeletal injuries, in particular lower-limb or gait abnormalities, 
are important. Details of daily exercise routines (new sport or attempting to lose 
weight), common postural strains (excessive driving, carrying a child), and occupa-
tional detail (prolonged sitting, limited bathroom access) should be ascertained. 

 Con fi rmation of events associated with acute symptom exacerbation including 
urinary tract infections, yeast infections, kidney stones, or ruptured ovarian cysts 
can be dif fi cult to obtain. It is important to determine what steps were taken to medi-
cally con fi rm such events. Some of these diagnoses are treated without suf fi cient 
evidence via phone or without proper follow-up. Some musculoskeletal and myo-
fascial abnormalities can trigger similar symptoms, confusing patients about the 
origin of their pain. It is also possible that these are real events and can aggravate 
musculoskeletal symptoms through viscero-somatic re fl exes or viscero-cutaneous 
re fl exes. 

 A patient’s history will often reveal a series of precipitating events leading up to 
their pain syndrome. It is important to relay this to patients, as they often struggle to 
make sense of their insidious onset of pain.  

   Symptoms 

 The pelvic  fl oor can affect multiple organ systems; therefore it is important to inter-
view the patient about bowel, bladder, and vaginal function and sexual and pain 
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symptoms  [  5  ] . PFM can affect the lower urinary tract causing symptoms of urgency 
and frequency. However slow/intermittent stream or straining to void is a hallmark 
symptom of    OPFM. It is important to note that incontinence and prolapse can occur 
in the patient with hypertonus, as an overactive pelvic  fl oor is dysfunctional and 
often weak. 

 The clinician should inquire about the patient’s experience of pain over a 24-h 
period from awakening to bedtime, as some musculoskeletal complaints will abate 
with rest or worsen as the day progresses. Determine if the pain awakens the patient 
from sleep; this may help differentiate pain of a visceral origin versus one that is 
musculoskeletal. Triggering events such as bowel movements, micturition, and 
intercourse should be also evaluated.  

   Physical Exam 

 The purpose of this musculoskeletal-focused exam is to determine the extent of exter-
nal sources of pain and dysfunction in the BPS patient, establish a diagnosis of OPFM, 
and discern the need for a physical therapy referral. A more detailed musculoskeletal 
exam, as performed by a physiotherapist, is covered in the next section of this chapter. 

 The exam should focus on the external pelvis if a patient presents with a history 
of speci fi c lumbosacral pain or orthopedic surgery. A rudimentary examination of 
bony landmarks of the pelvis to check for misalignment and palpation of pelvic 
girdle musculature for tenderness is often all that is needed to screen a patient for 
physiotherapy referral. In detail, the exam includes standing and/or sitting examina-
tion of the height of the iliac crest, posterior superior iliac spine (PSIS), and anterior 
superior iliac spine (ASIS), palpation of the SI joint for tenderness, and palpation of 
the coccyx for position and tenderness. In the supine position the clinician can 
examine the ASIS for height and symmetry, the pubic symphysis for symmetry and 
tenderness, and the iliopsoas and rectus abdominus for tenderness and trigger points 
(TrPs). In side-lying position the Gluteus maximus, Gluteus medius, Gluteus minimus, 
piriformis, obturator, and greater trochanter can be examined for tenderness or TrPs. 

 Exam of the PFM should focus on tone, tenderness, and identi fi cation of TrPs. 
Male patients can be evaluated during digital rectal exam; however the female 
patient is commonly more comfortably assessed transvaginally. The pubococcy-
geus, iliococcygeus, and obturator internus should be assessed bilaterally. In some 
patients, the coccygeus can be palpable. In our practice we use the modi fi ed oxford 
hypertonus scale, assigning a 0–4 score for each muscle.  

   The Physiotherapist’s Perspective 

 The remainder of this chapter details the evaluation and treatment of the BPS patient 
from the physiotherapist’s perspective. It is imperative for a clinician to understand 
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the treatment techniques available in order to critically evaluate the ability of a 
physiotherapist when referring a BPS patient. Physiotherapists have a wide range of 
training and expertise in techniques. Therefore when establishing a referral relation-
ship it is important to ascertain the skill level of the physiotherapist. It is also impor-
tant for the clinician to be familiar with treatments in order to provide expectations 
to the patient and allay anxiety the patient may have about painful treatments or 
internal therapy.  

   Detailed Physiotherapy Evaluation 

 A physiotherapy evaluation consists of assessment of patient history, orthopedic/
biomechanics, connective tissue, internal PFM, and lastly a biofeedback exam. 
Examination of all these components may not be appropriate on the patient’s  fi rst 
visit and may extend out to several visits.  

   Orthopedic/Biomechanical Examination 

 The components of a basic external musculoskeletal exam are (a) postural and 
structural screening noting head and neck position, spinal curvatures (i.e., scoliosis, 
excessive lordosis, or kyphosis), pelvic, hip positions, and any leg length discrepancies; 
(b) range of motion and muscle length assessment of the trunk and lower extremi-
ties; (c) muscle strength and motor control speci fi cally for Assessing lumbo-pelvic-hip 
complex; and (d) gait analysis and functional movement tests  [  24  ] . 

 Speci fi c tests and measures may be necessary to further assess impairments 
found during the basic musculoskeletal exam. Particular attention should be given 
to sacral torsions, ilial rotations, pubic symphysis asymmetries, and coccyx devia-
tions, as these landmarks serve as attachment sites for the PFM. In patients with a 
history of low back or sacroiliac joint pain, performing provocation tests may be 
necessary  [  25  ] , motor control of the spinal and pelvic stabilizers includes testing 
transverse abdominus, multifudi, and gluteals. 

 Common orthopedic and biomechanical dysfunctions in chronic pelvic pain 
patients include thoracic and lumbar spine positional faults especially at the junc-
tional zone of T12 and L1, presence of a diastasis recti, paradoxical breathing pat-
tern, hip internal rotation restrictions, sacroiliac joint torsion, rotations and 
instabilities, and weakness of the trunk and hip stabilizers  [  14,   19  ] . 

 The presence of a diastasis recti (separation of the rectus abdominus) must also 
be assessed as many abdominal trigger points arise due to anterior wall instability. 
The clinician measures between the rectus abdominus muscle above and below the 
umbilicus with the patient at rest and in a  fl exed position. Anything greater than 
approximately two  fi nger widths is considered signi fi cant  [  7  ] . 

 Another common  fi nding in this patient population is a paradoxical breathing 
pattern which has been highly correlated to the high-tone pelvic  fl oor  [  13  ] . Normally 
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on inhalation the abdomen should expand and the chest should remain still; however 
the opposite is typically seen in this patient population.  

   Connective Tissue Assessment 

 Connective tissue encompasses a broad variety of structures from the dermis of the 
skin down to the osseous structures. For purposes of this assessment, three general 
areas of connective tissue are commonly assessed: the subcutaneous tissue, muscles, 
and the visceral fascia .  

 The subcutaneous tissue of the abdominal wall, lower back, buttocks, thighs, 
and perineum are assessed by a method called skin or pinch rolling. Attention is 
focused in this region because research has demonstrated that vasoconstriction 
in these areas is associated with uterine and bladder in fl ammation  [  26  ] . The tis-
sue between the skin and the muscle is rolled between the examining  fi ngers to 
assess for mobility and any areas of restrictions, also known as subcutaneous 
panniculosis. In areas of severely restricted tissue it is common for patients to 
report intense sharp pain even with minimal pressure. Speci fi cally, abdominal 
surgical scars tend to coincide with cutaneous re fl ex zones of the bladder and 
pelvic organs  [  7  ] . 

 The muscles are examined for the presence of MTrPs via manual palpation. Once 
a TrP is located, patients may report exquisite localized tenderness and even pain 
referral into the areas of their subjective complaints. Muscles containing the TrP can 
present with weakness, loss of motor function, and inability to adequately lengthen. 
Patients with BPS commonly present with TrPs in the abdominal muscles, iliopsoas, 
adductors, quadratus lumborum, obturator internus, piriformis, and gluteals as well 
as within the PFM  [  27  ] . 

 The visceral fascia is assessed using speci fi c manual forces known as “listen-
ing,” to examine mobility and motion of the connective tissue surrounding the 
viscera. It is believed that all organs have a normal physiologic motion. Restrictions, 
 fi xations, or adhesions can impair the mobility of an organ, therefore compromis-
ing optimal function of that organ and surrounding structures. BPS patients often 
have visceral fascial restrictions surrounding the bladder, urethra, kidney, and 
intestines  [  28  ] .  

   Internal Pelvic Floor Exam (Transvaginal/Transrectal) 

 Similar to the pelvic  fl oor screening performed by the clinician, the physiotherapist 
inserts one lubricated  fi nger into the vagina or rectum to assess for strength, tone, 
and tenderness of the pelvic  fl oor. However, more speci fi city is used to identify TrPs 
in each individual layer of the pelvic  fl oor. In addition, the physical therapist will 
examine urethral, bladder, and coccygeal mobility. 
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 Accuracy in locating the individual muscles is best performed via bony landmark 
palpation and contraction of each individual muscle. The most super fi cial layer is pal-
pated by inserting the examining  fi nger up to the  fi rst distal interphalangeal joint to 
assess the super fi cial transverse perineum, bulbospongiosus, and ischiocavernosus 
muscles via the pubic rami. The middle layer is assessed by inserting the  fi nger up to 
the proximal interphalangeal joint to examine the sphincter urethra and deep transverse 
perineal muscles. The transverse abdominus and this pelvic  fl oor layer form a continu-
ous connection. The patient is asked to exhale as if blowing out a  fl ame. A tension 
should develop under the therapist’s  fi nger for con fi rmation. The third layer is assessed 
by fully inserting the  fi nger up to the metacarpal joint to assess the levator ani, coccy-
geus, and obturator internus muscles. The obturator internus muscle is easily palpated 
by asking the patient to resist external rotation of the hip during examination. 

 The urethra, bladder, and coccyx can be restricted in BPS patients  [  28  ] . Mobility of 
the urethra is assessed by inserting two  fi ngers along each side of the urethra and 
guided into various planes to determine the direction of restriction. Bladder mobility is 
assessed by directing two  fi ngers to distract the trigone while the external hand distracts 
the bladder superiorly. Note any tension or restrictions to this area of the bladder. The 
coccyx serves as an important attachment site for many of the PFM. Any excessive or 
limited mobility can impact pelvic  fl oor function. There are several methods to assess 
coccygeal mobility. Typically the therapist grasps the coccyx internally with the index 
 fi nger and externally with the thumb, and motion is assessed in all three planes  [  28  ] . 

 Determining motor control of the pelvic  fl oor is essential. The BPS patient will 
present with dif fi culty in lengthening the pelvic  fl oor. The patient is asked to “drop” 
the pelvic  fl oor by mimicking initiating urination. In a healthy pelvic  fl oor, the clini-
cian should feel an excursion or bulge of the muscles. Instead, these patients dem-
onstrate little to no movement or even a contraction of the pelvic  fl oor.  

   Biofeedback Testing 

 Biofeedback testing has been traditionally used to assess strength and motor control 
of the PFM. A pressure probe measures internal pressure at rest, and during contrac-
tions. Typically, patients with BPS will present with an elevated tone at rest, gradual 
loss of peak contractions with subsequent quick contractions, and an inability to 
maintain pelvic  fl oor endurance during their 10-s contractions  [  24  ] . Biofeedback 
testing has limitations in that it cannot make bilateral comparisons of strength and 
tone. Biofeedback should not be used as a stand-alone exam to determine pelvic 
 fl oor function, but should be used to further con fi rm the  fi ndings found manually.  

   Treatment 

 This section concentrates on connective tissue and internal pelvic  fl oor treatment of 
the BPS patient. Orthopedic techniques will not be addressed as basic physiotherapy 
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texts speci fi cally address orthopedic corrections in detail. Application of a particu-
lar technique can have a profound effect and may eliminate the need to use others. 
Ultimately it will be at the physiotherapist’s discretion as to which therapeutic regi-
men is appropriate. The following sequence is only intended as a general guideline 
to treatment and does not indicate the scope of practice of the treating 
physiotherapist.  

   Orthopedic and Biomechanical Treatment 

 Orthopedic and biomechanical problems should be addressed in conjunction with 
connective tissue and internal pelvic  fl oor treatment. Failure to address any of these 
impairments could prolong or hinder improvement in other areas. Early intervention 
includes correction of a diastasis recti and normalizing a paradoxical breathing 
pattern. 

 Diastasis correction is performed with the patient in a hook-lying position with a 
towel wrapped tightly around the mid-section of the rectus abdominus. The patient 
is asked to perform a series of head and chin lifts twice daily until adequate closure 
is achieved (Fig.  20.1 )  [  24  ] .  

 Proper diaphragmatic breathing is established by having the patient place one 
hand on the chest and one hand on the abdomen. The patient is asked to breathe in 
while keeping the chest quiet but allowing the belly to expand. On exhalation the 
belly should passively fall. The patient should perform this breathing several times 
a day, especially when the urge is present.  

  Fig. 20.1    Diastasis recti is a common biomechanical dysfunction that contributes to pelvic instability 
and dysfunction. This photo demonstrates a self-correction exercise for diastasis recti       
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   Connective Tissue Treatment 

 The subcutaneous tissue is addressed using the same technique used during evalua-
tion. Using minimal lubrication, skin rolling and/or dragging is applied to the 
restricted tissue, from all angles, until mobility is felt to improve (Fig.  20.2 ). Initially 
the patient may report severe discomfort during and after treatment, especially in 
areas of restrictions. Treatment will become less painful and the clinician will be 
able to work deeper as tissue  fl uidity improves. Skin rolling improves circulation, 
lessens tissue hypersensitivity, and decreases re fl exive effects on the surrounding 
muscles, nerves, and viscera  [  29  ] .  

 Muscular trigger points, found during evaluation, can be treated with several 
techniques. Commonly they include ischemic compression, strumming and strain–
counterstrain. Ischemic compression involves applying graduated pressure directly 
on the trigger point for 30–90 s. Strumming or fractioning involves stroking across 
the  fi bers of the TrP 6–12 times or until release is appreciated. Strain–counterstrain 
is a technique in which the involved muscle is guided into a shortened position and 
held for 30–90 s in order to promote relaxation (Fig.  20.3 ).  

 The visceral fascia is addressed by using a technique called visceral manipula-
tion. Speci fi c directed pressures are used to engage the fascia around the visceral 
organs. Externally, this technique is useful for addressing restrictions around the 
obturator membrane, urachus, and pubovesical ligaments to improve bladder mobil-
ity and     fi lling  [  28  ] .  

  Fig. 20.2    Skin rolling can be used as both evaluation and treatment of connective tissue restric-
tion. The photo demonstrates the skin rolling technique on the abdomen       
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   Internal Pelvic Floor Treatment 

 The ultimate goal of internal pelvic  fl oor treatment is to reduce tone, eliminate 
TrPs, normalize urethral, bladder, and coccygeal mobility, and improve motor 
control of the pelvic  fl oor. The internal pelvic  fl oor is treated transvaginally or 
transrectally. Tone and TrPs are addressed with the same techniques used to treat 
external TrPs as described above. The urethra, bladder, and coccyx can be treated 
with speci fi c visceral and joint manipulation techniques aimed at restoring nor-
mal mobility and motility. The structures are guided into their restrictive zones, 
similar to the evaluation, and followed until release is noted. In cases of coccy-
geal instability, taping and strengthening of the gluteal muscles may be 
appropriate. 

 Motor control techniques can be initiated once some reduction in tone and 
symptoms is achieved. Proprioceptive neuromuscular re-education techniques 
should be considered to facilitate lengthening of the PFM. The patient is asked 
to resist hip  fl exion, abduction, and internal rotation for 5 s and this is repeated 
up to     fi ve times. This induces relaxation of the pelvic  fl oor and is a useful exer-
cise for patients to perform as a home exercise program (Fig.  20.4 ). As the 
patient gains proprioceptive awareness, pelvic drops can be initiated throughout 
the day, in various positions, to help maintain tone established in the clinic. 
Biofeedback, with emphasis on relaxation, may assist in development of this 
skill  [  24  ] .   

  Fig. 20.3    Myofascial trigger points in the Psoas contribute to chronic pelvic pain. Strain–
counterstrain technique, illustrated in the photo, may be used as a correction to release the Psoas       
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   Frequency of Treatment 

 Typical treatment sessions are 30–60 min with the patient being seen 1–2 times per 
week. Duration is highly variable from 12 weeks up to 1 year or more depending on 
severity of symptoms, patient tolerance, response to treatment, and compliance.      
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 Few of the oral therapies commonly used for the treatment of BPS have unequivocal 
evidence of ef fi cacy in large, multicenter, randomized controlled clinical trials. 
There is little evidence that any change the natural history of the disease, though 
many seem to be effective in relieving symptoms in individual patients. Tachyphylaxis 
may be a problem. 

   Sodium Pentosan Polysulfate 

 Parson’s suggestion that a defect in the epithelial permeability barrier, the glycosamin-
oglycan (GAG) layer, contributes to the pathogenesis of BPS has led to an attempt to 
correct such a defect with the synthetic sulfated polysaccharide sodium pentosan 
polysulfate (PPS), a heparin analogue available in an oral formulation, 3–6% of which 
is excreted into the urine  [  1  ] . It is sold under the trade name  Elmiron ™. It is the only 
oral medication approved by the Food and Drug Administration for the pain associ-
ated with interstitial cystitis. Studies have been contradictory. 

 Fritjofsson treated 87 patients in an open multicenter trial in Sweden and Finland 
 [  2  ] . Bladder volume with and without anesthesia was unchanged. Relief of pain was 
complete in 35% and partial in 23% of patients. Daytime frequency decreased from 
16.5 to 13 and nocturia decreased from 4.5 to 3.5. Mean voided volumes increased 
by less than a tablespoon in the nonulcer group. 

 Holm-Bentzen studied 115 patients in a double-blind, placebo-controlled trial 
 [  3  ] . Symptoms, urodynamic parameters, cystoscopic appearance, and mast cell 
counts were unchanged after 4 months. Bladder capacity under anesthesia increased 
signi fi cantly in the group with mastocytosis, but this had no bearing on symptoms 
or awake capacity. 
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 Parsons had a more encouraging initial experience  [  4  ] , and subsequently the 
results of two pivotal placebo-controlled multicenter trials in the United States were 
published  [  5,   6  ] . In the initial study, overall improvement of greater than 25% was 
reported by 28% of the PPS-treated group versus 13% in the placebo group. In the 
latter study the respective  fi gures were 32% on drug versus 16% on placebo. Average 
voided volume on PPS increased by 20 cc. No other objective improvements were 
documented. 

 A Finnish study comparing PPS to cyclosporine A over a 6-month period showed 
a global response assessment rate to PPS of 16% in 26 women and 6 men meeting 
NIDDK research criteria  [  7  ] . 

 An underpowered National Institutes of Health 2 × 2 factorial study to evaluate 
PPS and hydroxyzine looked at each drug used alone and in combination and com-
pared results to a placebo group  [  8  ] . Patients were treated for 6 months. No statisti-
cally signi fi cant response to either medication was documented. No signi fi cant trend 
was seen in the PPS treatment groups (34%) compared to non-PPS groups (18%). 
Of the 29 patients on PPS alone, 28% had global response (the primary endpoint) of 
moderately or markedly improved versus 13% on placebo, a number remarkably 
similar to the results in the 3-month pivotal trials, although not reaching statistical 
signi fi cance in the 6-month study. A subsequent industry-sponsored trial showed no 
dose-related ef fi cacy response in the range of 300–900 mg daily; however adverse 
events  were  dose related  [  9  ] . 

 Long-term experience with PPS is consistent with ef fi cacy in a subset of patients 
that may drop below 30% of those initially treated  [  10  ] . Tachyphylaxis seems to be 
uncommon in responders. Adverse events with PPS occurred in less than 4% of 
patients at the dose of 100 mg three times daily  [  11  ]  and include reversible alopecia, 
diarrhea, nausea, and rash. Rare bleeding problems have been reported  [  12  ] . The 
drug promotes cellular proliferation in vitro in the MCF-7 breast cancer cell line, 
and caution has been suggested in prescribing it in groups at high risk for breast 
cancer and premenopausal females  [  13  ] . A 3–6-month treatment trial is generally 
required to see symptom improvement. In a small trial, PPS has shown ef fi cacy 
when administered intravesically  [  14  ] . It may be of value in the management of 
radiation cystitis  [  15,   16  ]  and cyclophosphamide cystitis  [  17  ] , but its value in the 
treatment of BPS seems marginal.  

   Amitriptyline 

 Amitriptyline, a tricyclic antidepressant, has become a staple of oral treatment for 
BPS. The tricyclics possess varying degrees of at least three major pharmacologic 
actions: (1) they have central and peripheral anticholinergic actions at some but 
not all sites; (2) they block the active transport system in the presynaptic nerve 
ending that is responsible for the reuptake of the released amine neurotransmitters 
serotonin and noradrenaline; and (3) they are sedatives, an action that occurs pre-
sumably on a central basis but perhaps is related to their antihistaminic properties. 
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Amitriptyline, in fact, is one of the most potent tricyclic antidepressants in terms 
of blocking H1-histaminergic receptors  [  18  ] . There is also evidence that it desen-
sitizes alpha2 receptors on central noradrenergic neurons. Paradoxically, it also 
has been shown to block alpha-adrenergic receptors and serotonin receptors. 
Theoretically, tricyclic agents have actions that might tend to stimulate predomi-
nantly beta-adrenergic receptors in bladder body smooth musculature, an action 
that would further facilitate urine storage by decreasing the excitability of smooth 
muscle in that area  [  19  ] . 

 Hanno and Wein  fi rst reported a therapeutic response in interstitial cystitis after 
noting a “serendipitous” response to amitriptyline in one of their patients concur-
rently being treated for depression  [  20  ] . The following year a similar report appeared 
relating a response to desipramine hydrochloride  [  21  ] . Reasoning that a drug used 
successfully at relatively low dosages for many types of chronic pain syndromes, 
which would also have anticholinergic properties, beta-adrenergic bladder effects, 
sedative characteristics, and strong H1 antihistaminic activity, would seem to be 
ideal for interstitial cystitis, the  fi rst clinical trial was carried out with promising 
results  [  22  ] . A subsequent follow-up study  [  23  ]  reported that 28 of 43 patients could 
tolerate therapy for at least a 3-week trial at a dosage of 25 mg before bed gradually 
increasing to 75 mg nightly over 2 weeks, 18 had total remission of symptoms with 
a mean follow-up of 14.4 months, 5 dropped out because of side effects, and 5 
derived no clinical bene fi t. Bene fi ts were apparent within 4 weeks. All patients had 
failed hydrodistention and intravesical dimethyl sulfoxide therapy. Sedation was the 
main side effect. Kirkemo and colleagues treated 30 patients and had a 90% subjec-
tive improvement rate at 8 weeks  [  24  ] . Both studies noted that patients with bladder 
capacities over 450–600 cc under anesthesia seemed to have the best results. Another 
uncontrolled study of 11 patients with urinary frequency and pelvic pain  [  25  ]  related 
success in 9 of the patients, with 5 reporting complete resolution of symptoms and 
four signi fi cant relief. Two patients could not tolerate the medication. In a 4-month 
intent to treat placebo-controlled double-blind trial of 50 patients, 63% on amitrip-
tyline at doses of 25–75 mg (dose as tolerated) before bed reported good or excel-
lent satisfaction versus 4% on placebo  [  26  ] . At 19-month follow-up there was little 
tachyphylaxis and good response rates were observed in the entire spectrum of BPS/
IC symptoms  [  27,   28  ] . 

 The large, double-blind, randomized controlled trial by the National Institute of 
Diabetes and Digestive and Kidney Diseases comparing education and behavioral 
modi fi cation with and without oral amitriptyline showed a 55% response to the arm 
that included both medication and conservative therapy compared to a 45% response 
to education and behavioral therapy alone  [  29  ] . The difference was not statistically 
signi fi cant. However, if only patients who could tolerate 25 mg or more of medica-
tion or placebo are included, the success compared to conservative therapy alone 
was 73% compared to 53% at 12 weeks. Frequency, O’Leary–Sant symptom and 
problem scores also showed signi fi cant improvement. Thus, on an intent-to-treat 
basis, there was no signi fi cant bene fi t from amitriptyline, but in the 62% of patients 
who could tolerate the relatively low doses of drug, the bene fi ts appear substantial. 
Patients should be cautioned about fatigue, constipation, dry mouth, increased 
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 appetite, and dizziness. Slowly titrating the dose on a weekly basis, beginning at 
10 mg before bed and increasing by 10 mg weekly to a maximum tolerated dose of 
50–75 mg before bed, seems to minimize side effects. 

 Amitriptyline has proven analgesic ef fi cacy with a median preferred dose of 
50 mg in a range of 25–150 mg daily. This range is lower than traditional doses for 
depression of 150–300 mg. The speed of the onset of effect is much faster 
(1–7 weeks) than reported in depression, and the analgesic effect is distinct from 
any effect on mood  [  30  ] . Tricyclic antidepressants are contraindicated in patients 
with long QT syndrome or signi fi cant conduction system disease (bifascicular or 
trifascicular block) after recent myocardial infarction (within 6 months), unstable 
angina, congestive heart failure, frequent premature ventricular contractions, or a 
history of sustained ventricular arrhythmias. They should be used with caution in 
patients with orthostatic hypotension  [  31  ] . Doses greater than 100 mg are associated 
with increased relative risk of sudden cardiac death  [  32  ] .  

   Other Antidepressants 

 Other tricyclic antidepressants have been used for bladder pain syndrome. One trial 
employed the combination of doxepin and piroxicam, a cox-2 inhibitor. Twenty-six of 
32 patients (81%) experienced remission of symptoms  [  33  ] . Another study reported 
satisfactory outcome with desipramine  [  21  ] . The safety and ef fi cacy of duloxetine, a 
serotonin and norepinephrine reuptake inhibitor, for BPS were assessed in an obser-
vational study with 48 women  [  34  ] . Patients were prospectively treated for 2 months 
following an uptitration protocol to the target dose of 40 mg duloxetine twice daily. 
Five patients were identi fi ed as responders and 17 patients dropped out due to side 
effects including nausea in all 17 patients. No severe adverse events were reported. In 
the  fi ve responders, the 40 mg twice-daily dose was required to see ef fi cacy. Overall, 
duloxetine did not result in clinically meaningful improvement of symptoms.  

   Antihistamines 

 The use of antihistamines goes back to the late 1950s and stems from work by 
Simmons who postulated that the local release of histamine may be responsible for, 
or may accompany the development of, interstitial cystitis  [  35  ] . He reported on six 
patients treated with pyribenzamine. The results were far from dramatic, with only 
half of the patients showing some response. The therapy is notable for this disease 
in that it was very logically conceived. It has been Theoharides who has spear-
headed mast cell research in this  fi eld and been a major modern proponent of anti-
histamine therapy  [  36  ] . He has used the unique piperazine H1-receptor antagonist 
hydroxyzine, a  fi rst-generation antihistamine  [  37  ] , which can block neuronal activa-
tion of mast cells  [  38  ] . In 40 patients treated with 25 mg before bed increasing over 



28921 Oral Therapy for Bladder Pain Syndrome Directed at the Bladder

2 weeks (if sedation was not a problem) to 50 mg at night and 25 mg in the morning, 
virtually every symptom evaluated improved by 30%. Only three patients had abso-
lutely no response. As with many IC drug reports, these responses were evaluated 
subjectively and without being blinded or placebo controlled. A subsequent study 
suggested improved ef fi cacy in patients with documented allergies and/or evidence 
of bladder mast cell activation  [  39,   40  ] . No signi fi cant response to hydroxyzine was 
found in an NIDDK placebo-controlled trial  [  8  ] . 

 Why an H2-antagonist would be effective is unclear, but uncontrolled studies 
show improvement of symptoms in two-thirds of patients taking cimetidine in 
divided doses totaling 600 mg  [  41,   42  ] . It proved effective in a double-blind, pla-
cebo-controlled trial  [  43  ] , but histologic studies show the bladder mucosa to be 
unchanged before and after treatment, and the mechanism of any ef fi cacy remains 
unexplained  [  44  ] . All told, only 40 patients comprise all clinical published ef fi cacy 
database on this over-the-counter medication when used for BPS/IC. Cimetidine is 
a common treatment in the United Kingdom where over a third of patients reported 
having used it  [  45  ] . Long-term follow-up data is lacking.  

   Immunosuppressant Drugs 

   Cyclosporine 

 Cyclosporine, a widely used immunosuppressive drug in organ transplantation, was 
the subject of a novel bladder pain syndrome trial  [  46  ] . Eleven patients received 
cyclosporine for 3–6 months at an initial dose of 2.5–5 mg/kg daily and a maintenance 
dose of 1.5–3 mg/kg daily. Micturition frequency decreased, and mean and maximum 
voided volumes increased signi fi cantly. Bladder pain decreased or disappeared in ten 
patients. After cessation of treatment, symptoms recurred in the majority of patients. 

 In a longer term follow-up study, 20 of 23 refractory IC patients on cyclosporine 
therapy followed for a mean of 60.8 months became free of bladder pain. Bladder 
capacity more than doubled. Eleven patients subsequently stopped therapy, and in 9, 
symptoms recurred within months, but responded to reinitiating cyclosporine  [  47  ] . 
Sairanen et al. further found that cyclosporine A was far superior to sodium PPS in 
all clinical outcome parameters measured at 6 months  [  48  ] . Global response assess-
ment showed a 75% response to the immune modulator. Patients who responded to 
cyclosporine A had a signi fi cant reduction of urinary levels of epidermal growth 
factor (EGF)  [  7  ] .  

   Suplatast Tosilate 

 Suplatast Tosilate (IPD-1151T) is an immunoregulator that selectively suppresses IgE 
production and eosinophilia via suppression of helper T cells that produce IL-4 and -5. 
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It is used in Japan to treat allergic disorders including asthma, atopic dermatitis, and 
rhinitis. Ueda et al. reported a small study in 14 women with interstitial cystitis  [  49  ] . 
Treatment for 1 year resulted in a signi fi cantly increased bladder capacity and 
decreased urinary urgency, frequency, and lower abdominal pain in ten women. 
Concomitant changes occurred in blood and urine markers suggesting an immune 
system response. Larger, multicenter, randomized controlled trials (unpublished) in 
the United States and Japan by Taiho Pharmaceuticals and Astellas Pharmaceuticals 
have not led to the governmental approval of the BPS indication, and the medication 
has yet to be approved for use in the United States.  

   Azathioprine and Chloroquine Derivatives 

 In a single report in 1976, Oravisto et al. used azathioprine or chloroquine deriva-
tives for BPS patients not responding to other treatments  [  50  ] . About 50% patients 
responded.  

   Mycophenolate Mofetil 

 In an aborted multicenter randomized placebo-controlled NIDDK trial, Mycophenolate 
Mofetil (Cellcept™) 1–2 g daily in divided doses failed to show ef fi cacy in the 
treatment of symptoms of refractory BPS/IC,   http://www.clinicaltrial.gov/ct2/show/
NCT00451867    . The trial, which included 59 patients randomized 2:1 to the active 
arm, was halted when the FDA issued a new black box warning for the drug ( miscar-
riage and congenital malformations have been associated with its use ), and an interim 
analysis showed no bene fi t.   

   Miscellaneous Agents 

    L -Arginine 

 Foster and Weiss were the original proponents of  l -arginine in the therapy of inter-
stitial cystitis  [  51  ] . Eight patients with IC were given 500 mg of  l -arginine three 
times daily. After 1 month, urinary nitric oxide synthase activity increased eightfold 
and seven of the eight patients noticed improvement in symptoms. An open-label 
study of 11 patients showed improvement in all 10 of the patients who remained on 
 l -arginine for 6 months  [  52  ] . 

 An open-label study of nine women in Sweden failed to  fi nd any change in symp-
tom scores or in nitric oxide production in the bladder  [  53  ] . A placebo-controlled 

http://www.clinicaltrial.gov/ct2/show/NCT00451867
http://www.clinicaltrial.gov/ct2/show/NCT00451867
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randomized trial of 53 BPS patients could  fi nd no difference on an intention to treat 
analysis between drug- and placebo-treated patients  [  54  ] . A smaller randomized 
placebo-controlled crossover trial of 16 BPS patients found no clinically signi fi cant 
improvement with  l -arginine and concluded that it could not be recommended for 
IC(BPS) treatment  [  55  ] . 

 The body of evidence does not support the use of  l -arginine for the relief of 
symptoms of Bladder Pain Syndrome.  

   Quercetin 

 Quercetin, a bio fl avonoid available in many over-the-counter products  [  56  ] , may 
have the anti-in fl ammatory effects of other members of this class of compounds 
found in fruits, vegetables, and some spices. Katske et al.  [  57  ]  administered 500 mg 
twice daily to 22 BPS patients for 4 weeks. All but one patient had some improve-
ment in the O’Leary/Sant symptom and problem scores as well as in a global assess-
ment score. Further studies are necessary to determine ef fi cacy.  

   Antibiotics 

 Warren et al.  [  58  ]  randomized 50 patients to receive 18 weeks of placebo or anti-
biotics including rifampin plus a sequence of doxycycline, erythromycin, metron-
idazole, clindamycin, amoxicillin, and cipro fl oxacin for 3 weeks each. Intent to 
treat analysis demonstrated that 12 of 25 patients in the antibiotic and 6 of 25 
patients in the placebo group reported overall improvement while 10 and 5, 
respectively, noticed improvement in pain and urgency. The study was compli-
cated by the fact that 16 of the patients in the antibiotic group underwent new BPS 
therapy during the study as did 13 of the placebo patients. There was no statistical 
signi fi cance. What was statistically signi fi cant were adverse events in 80% of par-
ticipants who received antibiotic compared to 40% in the placebo group. Nausea 
and/or vomiting and diarrhea were the predominant side effects. Most patients on 
antibiotics correctly guessed what treatment arm they were in, and those that 
guessed correctly were signi fi cantly more likely to note improvement after the 
study. No duration in improvement after completion of the trial of antibiotics was 
reported. 

 Burkhard et al.  [  59  ]  recorded a 71% success in 103 women presenting with a 
history of urinary urgency and frequency and chronic urethral and/or pelvic pain 
often associated with dyspareunia and/or a history of recurrent urinary tract infec-
tion. This was a large, inclusive group and one that is probably broader than the 
bladder pain syndrome we are focusing on. Nevertheless, she recommended empiric 
doxycycline in this group. The overwhelming majority of BPS patients have been 
treated with empiric antibiotics prior to diagnosis. 



292 P.M. Hanno

 At this time there is no evidence to suggest that antibiotics have a place in the 
therapy of BPS in the absence of a culture-documented infection  [  60  ] . Nevertheless, 
it would not be unreasonable to treat patients with  one  empiric course of antibiotic, 
if they have never been on an antibiotic for their urinary symptoms.  

   Methotrexate 

 Low-dose oral methotrexate signi fi cantly improved bladder pain in four of nine women 
with BPS, but did not change urinary frequency, maximum voided volume, or mean 
voided volume  [  61  ] . No placebo-controlled RCT has been done with this agent.  

   Montelukast 

 Mast cell triggering releases two types of proin fl ammatory mediators, including 
granule-stored preformed types such as heparin and histamine, and newly synthe-
sized prostaglandins, and leukotriene B 

4
  and C 

4
 . Classic antagonists, such as mon-

telukast, za fi rlukast, and pranlukast, block cysteinyl leukotriene 1 receptors. In a 
pilot study  [  62  ] , ten women with BPS and detrusor mastocytosis received 10 mg of 
montelukast daily for 3 months. Frequency, nocturia, and pain improved dramati-
cally in eight of the patients. Further study would seem to be warranted, especially 
in patients with detrusor mastocytosis, de fi ned as >28 per mm 2 .  

   Nifedipine 

 The calcium channel antagonist nifedipine inhibits smooth muscle contraction and 
cell-mediated immunity. In a pilot study  [  63  ] , 30 mg of an extended-release prepa-
ration was administered to ten female patients and titrated to 60 mg daily in four of 
the patients who did not get symptom relief. Within 4 months  fi ve patients had at 
least a 50% decrease in symptom scores, and three of the  fi ve were asymptomatic. 
No further studies have been reported.  

   Misoprostol 

 The oral prostaglandin analogue misoprostol was studied in 25 patients at a dose of 
600  m g daily  [  64  ] . At 3 months 14 patients were signi fi cantly improved, and at 
6 months 12 patients still had a response. A cytoprotective action in the urinary 
bladder was postulated. 
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 Guidelines from the American Urological Association suggest that frontline 
treatment options for oral medication for BPS can include amitriptyline, cime-
tidine, hydroxyzine, and/or PPS sodium. Cyclosporine should be reserved for 
use by experienced clinicians after less potentially morbid alternatives have 
been exhausted  [  65  ] .       
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   Medical Treatment 

 The term bladder pain syndrome (BPS) implies that there is nociception at the level 
of the bladder. Current understanding of the pathophysiology, pain pathways 
involved and the psychological components is less than complete. Evidence sug-
gests that BPS involves changes in neural processing resulting in chronic pain of 
visceral origin  [  1,   2  ] . These pains are therefore considered as neuropathic. The 
innervation of the pelvis includes somatic, visceral and autonomic components. 
With insuf fi cient research into the speci fi c management of BPS the medical man-
agement tends to be that used for other visceral and neuropathic pains. Consideration 
also has to be given to the possibility of a somatic contribution. 

 Patients present with ill-de fi ned symptoms involving biological, psychological 
and social domains. By de fi nition clearly de fi ned conditions have been excluded 
before the diagnosis of BPS is made. Further research is required into both the 
pathophysiology of this type of pain as well as the treatment. 

 The management of BPS warrants a multidisciplinary approach with contribu-
tions from various specialties including urology, gynaecology, gastroenterology, 
psychology, physiotherapy, genitourinary medicine and pain medicine  [  3  ] . 

 Since BPS has somatic, visceral and neuropathic components general recom-
mendations for its management are derived from the management of chronic pain 
(Table  22.1 )  [  4  ] .   
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   Medications 

   Simple Analgesics 

   Paracetamol (Acetaminophen) 

 Paracetamol is usually a well-tolerated synthetic nonopiod analgesic with very few 
side effects  [  5  ] . It has analgesic and antipyretic properties and has been used in 
somatic pain including arthritic pain  [  6,   7  ] . 

 Paracetamol acts centrally by inhibiting brain cyclo-oxygenase (COX) and nitric 
oxide synthase. Brain COX seems to reduce the production of prostaglandins and 
therefore the central sensitisation that results from in fl ammation  [  8,   9  ] . 

   Table 22.1    Pharmacological treatment of chronic pelvic pain  [  4  ]    

 Drug  Type of pain 
 Level of 
evidence 

 Grade of 
recommendation  Comment 

 Paracetamol  Somatic pain  1b  A  Bene fi t is limited and 
based on arthritic 
pain. 

 COX 2 antagonists  –  1b  A  Avoid in patients with 
cardiovascular risk 
factors. 

 NSAIDs  Dysmenorrhoea  1a  B  Better than placebo 
but unable to 
distinguish 
between different 
NSAIDs. 

 Tricyclic 
antidepressants 

 Neuropathic pain  1a  A  – 
 Pelvic pain  3  C  Evidence suggests that 

pelvic pain is 
similar to 
neuropathic pain. 

 Anticonvulsants, 
e.g. Gabapentin 

 Neuropathic pain  1a  A  – 

 Opioids  Chronic nonmalig-
nant pain 

 1a  A  Limited long-term 
data, should only 
be used by 
clinicians 
experienced in 
their use. 

 Neuropathic pain  1a  A  Bene fi t is probably 
clinically 
signi fi cant, caution 
with use, as above. 

   COX  cyclooxygenase-2,  NSAID  nonsteroidal anti-in fl ammatory drug 
 From Fall M, Baranowski A, Elneil S, Engeler D, Hughes J, et al. EAU guidelines on Chronic 
Pelvic Pain. European Urology. 2010; 57:35–48. Reprinted with permission from the European 
Association of Urology  
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 When used with a traditional nonsteroidal anti-in fl ammatory drug (NSAID), it 
enhances the analgesic effect of the NSAID and allows the use of a lower dose of 
the NSAID  [  5  ] .  

   NSAIDs 

 NSAIDs can be classi fi ed into the nonspeci fi c COX inhibitors and the speci fi c 
COX-2 inhibitors.

   Nonspeci fi c COX inhibitors (e.g. aspirin, diclofenac, ibuprofen).  • 
  Speci fi c COX-2 inhibitors (e.g. celecoxib, parecoxib, etoricoxib).    • 

 NSAIDs inhibit the enzyme COX which thereby prevents the production of 
prostaglandins and thromboxanes from membrane phospholipids. COX exists as 
two isoenzymes, COX-1 and COX-2. COX-1 (the constitutive form) is responsi-
ble for the protective prostaglandins that maintain renal blood  fl ow, haemostatic 
function and the protective gastric mucosal barrier. COX-2 (the inducible form) 
occurs at the site of tissue damage and facilitates the in fl ammatory response. 
Therefore, inhibition of COX-1 seems to produce the adverse effects of NSAIDs 
while inhibition of COX-2 seems to result in the anti-in fl ammatory, analgesic and 
antipyretic effects of NSAIDs. Even though the COX-2 inhibitors have been 
designed to minimise gastrointestinal complications compared to the non-speci fi c 
COX inhibitors, they are associated with a small but de fi nite risk of myocardial 
and cerebrovascular events  [  10  ] . 

 There is, however, very little evidence to support the use of NSAIDs in the man-
agement of BPS. NSAIDs have been found to be superior to placebo and maybe 
superior to paracetamol in studies investigating different types of analgesia for dys-
menorrhoea  [  11  ] .   

   Neuropathic Analgesics 

 These are groups of drugs that are used for neuropathic pain and have little analge-
sic effect if used for acute somatic pain. 

   Tricyclic Antidepressants 

 Tricyclic antidepressants (TCAs) predominantly have their pain-modulating effect 
by inhibiting the reuptake of norepinephrine and serotonin at the presynaptic mem-
brane. They also have anticholinergic effects that account for many of the side 
effects. A recent Cochrane review concluded that TCAs and venlafaxine are effec-
tive for neuropathic pain with a number needed to treat of three. There is however 
limited evidence supporting the use of the newer selective serotonin reuptake 
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 inhibitors. The preemptive use of antidepressants to prevent the development of 
neuropathic pain remains unclear  [  12  ] . 

 To date, there is very little strong evidence supporting the use of TCAs in humans 
in the treatment of BPS. These drugs are options of treatment from whatever data is 
available  [  13,   14  ] . An animal study suggests that it may have a role in cystitis  [  15  ] . 
The algorithm (Fig.  22.1 ) can be considered where there is suggestion of nerve 
injury or central sensitisation.  

 TCAs tend to be used in lower dosages than those used for the treatment of 
depression. Amitriptyline and nortriptyline are used in a dose of up to 150 mg daily. 
Duloxetine at a dose of 60–120 mg has been found to decrease the intensity of pain 
in diabetic neuropathy and  fi bromyalgia and has been used as an alternative in the 
treatment of neuropathic pain in some countries  [  16–  18  ] .  

   Anticonvulsants 

 Anticonvulsants have been used for many years in pain management. Gabapentin 
and pregabalin have fewer side effects compared to the older anticonvulsants and 
are suggested as the preferred anticonvulsants for neuropathic pain  [  18  ] . The exact 
mechanism of action of gabapentin and pregabalin in chronic pain is unknown but 
they appear to be calcium channel blockers. 

 There is little evidence supporting the use of anticonvulsants in genitourinary 
pain  [  19  ] . However, where there is a suggestion of neuropathic pain or central 
sensitisation they should be considered. Anticonvulsants have no role in the 
management of acute pain  [  19  ] . In a Cochrane review, pregabalin at dosages of 
600 mg daily had a number needed to treat of 3–5 for neuropathic pain and 11 
in  fi bromyalgia  [  20  ] .  

   NMDA Antagonists (e.g. Ketamine) 

 This NMDA channel is known to play an important role in the development and 
maintenance of chronic pain. It is thought to be most important when there is evi-
dence of central sensitisation and opioid tolerance  [  21–  25  ] . 

 Ketamine is a noncompetitive NMDA receptor antagonist and also exhibits 
action at sodium channels and opioid receptors (kappa and mu)  [  26  ] . Ketamine has 
been used in many chronic pain conditions such as peripheral neuropathies with 
allodynia, stump and phantom limb pain, central pain and cancer-related pain. In 
BPS ketamine may be of potential bene fi t if there is evidence of nerve injury or 
central sensitisation. 

 At low doses, ketamine has anti-hyperalgesia, anti-allodynic and tolerance pro-
tective effects  [  26  ] . It may therefore be useful in opioid-resistant pain. There are few 
papers to support its use and safety pro fi le in long-term use  [  27  ] . There is some sug-
gestion that ketamine may be incriminated in causing BPS  [  28,   29  ] . Oral ketamine 
should only be started by a physician familiar with its use.  
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   Na Channel Blockers 

 It is thought that changes in certain sodium channel isoforms may be involved in 
neuropathic pain processing. As a result, injured afferent nerves become susceptible 
to generating more prolonged and higher frequency discharges, with a redu ced 
refractory period. These changes associated with the sodium channels are thought 

Pain described in neuropathic terms

YES

First line
Amitriptyline (start 10mg incrimentaly

increasing to max 150mg unless benefit or
side effects intervene)

or
Pregabalin (titrate up to 300mg twice daily

unless benefit or side effects intervene)

Second line

Consider the alternative to the first line
medication used or in combination.

Consider trial opioids
(follow local guidance

for opioid use)

Alternatives to consider:

Dothiapine – 25mg at night rising to a
maximum of 150mg. Consider if neuropathic

pain associated with anxiety.

Nortriptyline – less sedating than
amitriptyline, 10mg at night rising to a

maximum of 100mg

Imipramine – 10mg at night rising to a
maximum of 150mg. Consider for neuropathic

pain with overactive detrusor.

Gabapentin – 50mg three times a day rising to
a maximum of 800mg three times a day, as

alternative to pregabalin.

Third line
Refere to a specialist

pain service

NO

Trial
simple

analgesics

  Fig. 22.1    Guidelines for the use of neuropathic analgesics. Modi fi ed from EAU guidelines  [  4  ]  and 
NICE  [  18  ]  with permission from the European Association of Urology       
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to underlie the mechanisms of mechanosensitivity, thermosensitivity and 
 chemosensitivity  [  30  ] . They may also be involved in the development of visceral 
hyperalgesia. 

 In one study, intravenous lidocaine was found to be bene fi cial in reducing neuro-
pathic pain and sensory phenomenon such as allodynia  [  31  ] . A positive lidocaine 
infusion may be followed by repeated infusions and the bene fi t from a single infu-
sion may be prolonged. 

 A role for the oral analogue (Mexiletine) has yet to be de fi ned  [  32  ] ; a positive 
response to intravenous lidocaine does not always indicate that mexiletine will 
work.   

   Opioids 

 It is the general acceptance that opioids have a role in the treatment of chronic non-
malignant pain  [  33  ] . The use of opioids in BPS is poorly de fi ned. Their use in neu-
ropathic pain is still equivocal but a meta-analysis suggests clinically important 
bene fi ts  [  34  ] . The long-term risk–bene fi t ratio is not established and further ran-
domised controlled trials are needed. 

 The use of slow-release opioids administered at regular intervals is recommended 
for chronic pain. The dose should be titrated based on the bene fi ts (including pain 
and function) and side effects. 

 Morphine, oxycodone, fentanyl, tramadol, codeine and methadone can be used. 
Codeine and dihydrocodeine are effective for the relief of mild to moderate pain. 
Their use is limited by their side effects; notably constipation and genetic variances 
in the metabolism affect their analgesic ef fi cacy. 

 Tramadol produces analgesia by three mechanisms, an opioid effect and an 
enhancement of serotonergic and adrenergic pathways  [  35,   36  ] . A Cochrane review 
supports the use of tramadol in neuropathic pain management  [  37  ] . 

 Methadone is an analgesic with actions at opioid and NMDA receptors. The 
Canadian Pain Society recommends the use of tramadol and controlled-release opi-
oids as third-line treatment and methadone as fourth-line treatment for moderate to 
severe pain  [  38  ] . Rotating from other opioids to methadone is not an exact science 
due to its pharmacokinetics  [  39  ] . 

 Buprenorphine and pentazocine both have agonist and antagonist actions at 
opioid receptors and can induce withdrawal symptoms in opioid-tolerant 
patients. Topical buprenorphine patches may offer similar advantages to topical 
fentanyl. 

 The decision to start long-term opioids should be made by a trained specialist 
only after all other reasonable treatment strategies have failed and in conjunction 
with the patient’s primary care physician. General guidelines for the use of opioids 
in chronic pain should be followed  [  40,   41  ] .  
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   Nonpharmacological Treatments 

   Interventional Treatments 

     (a)    Nerve blocks. 
 These blocks should be performed by pain physicians trained in performing 
them, with appropriate monitoring and resuscitation facilities. Procedures may 
be undertaken for either diagnostic and or therapeutic reasons. The details of 
speci fi c blocks fall outside the scope of this chapter.  

    (b)    Suprapubic transcutaneous electrical nerve stimulation (TENS) in BPS. 
 Current experience is limited to open studies. In one study 54 % of patients 
were helped by TENS. Less favourable results were obtained in non-Hunner 
lesion BPS (type 3C)  [  42  ] . It is dif fi cult to assess the ef fi cacy of TENS in the 
treatment of BPS with accuracy. This mode of treatment involves the applica-
tion of high-intensity stimuli at speci fi c sites over a prolonged period of time 
and so designing controlled studies is quite dif fi cult.  

    (c)    Sacral neuromodulation in BPS. 
 Patients with Chronic re fl ex sympathetic dystrophy treated with neurostimula-
tion have reported a reduction in pain intensity as well as an improved quality 
of life  [  43  ] . There may be a role in BPS. 
 This procedure is invasive and expensive and as such it is reserved for patients unre-
sponsive to conservative treatment. It usually involves the application of electrodes 
through the sacral foramina three or four. The mechanism of action remains unclear.  

    (d)    Botulinum toxin. 
 Recent studies have shown that botulinum toxin might be a safe and effective 
treatment for BPS  [  44  ] .        

   Conclusion 

 The diagnosis of BPS is one of exclusion after all clearly de fi ned causes have been ruled out. 
Further research is warranted into the mechanisms and medical management of BPS. 

 Current understanding is that it is possibly a pain of visceral origin and this type of 
pain is considered to be neuropathic. General recommendations are therefore derived 
from the management of chronic pain. As with most types of neuropathic pain, a mul-
tidisciplinary approach is used with contributions from various specialties. 

 The medical management involves targeting various aspects of the pain pathway 
with the different groups of drugs available. When the traditional conservative man-
agement fails, then the use of interventional procedures is considered. 

 The use of medications should be part of a biopsychosocial model of pain man-
agement and include input from other disciplines as part of an individualised man-
agement plan for the patient.      
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   Introduction and Overview 

 Because of the absence of de fi nitive diagnostic tests and generally accepted standard 
clinical criteria, bladder pain syndrome (BPS) is a diagnosis of exclusion; as a result, 
the design of randomized controlled trials (RCTs) for its management is extremely 
dif fi cult. Therefore, data regarding the ef fi cacy of therapies are limited and often 
based on uncontrolled studies or case series. Although more than 180 different 
treatments have been tried in BPS, data are still inconclusive. 

 Intravesical treatments for BPS were recently analyzed in a Cochrane review: 
only bacillus Calmette–Guerin (BCG) and oxybutin seemed to be relatively well 
tolerated and gave the most promising results. However, it was repeatedly noted by 
the authors that the available evidence is extremely limited. 

 Nevertheless, instillation therapy continues to remain an important therapeutic 
approach to BPS for ameliorating or delaying recurrence of symptoms. It appears to 
be wise to apply the lessons learned from intravesical treatment of super fi cial blad-
der cancer to improve the treatment of BPS and lower urinary tract symptoms 
(LUTS) in general. 

 Instillations of drugs into the bladder create a high concentration of drugs locally 
at the disease site without increasing systemic levels, which can explain the low risk 
of systemic side effects. 
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 A large body of evidence supports the notion that symptoms of BPS emanate 
from underlying in fl ammation in the bladder. Animal studies have reported 
in fi ltration of neutrophils, enhanced activation of several in fl ammatory cytokines in 
the bladder, and increase in in fl ammatory gene expression. It is believed that activa-
tion of mast cells and disruptions in the bladder permeability barrier are the other 
key events in the bladder in fl ammation associated with BPS. The intravesical route 
offers reasonable adjunctive therapies for immediate symptom relief during symp-
tom  fl are up. 

 Given the multifactorial nature of the disease, therapy is often tailored to improve 
therapeutic outcomes with multimodal treatment through pharmacological and non-
pharmacological approaches such as hydrodistention acting via different and often 
synergistic mechanisms of action. 

 Disadvantages include the need for intermittent catheterization, which can be 
painful in BPS patients, and furthermore the cost and the general risk of iatrogenic 
infection. 

 Finally regulatory approvals and availability for the various instillations through-
out the world differ from nation to nation. What follows are treatments that have 
been reported in the recent literature, some of which are commonly used 
(Table  23.1 ).   

   Dimethyl Sulfoxide 

 Dimethyl sulfoxide (DMSO) is believed to reduce in fl ammation, relax muscles, elimi-
nate pain, dissolve collagen, and degranulate mast cells. It has long been used as a 
therapeutic agent for BPS. Its mechanism of action, however, has not been clari fi ed. 
In a randomized study Peeker et al. reported that frequency and pain were improved 
in ulcer-type BPS patients, although no improvement was observed in maximum 
bladder capacity  [  1  ] . In a non-randomized controlled study Perez-Marrero et al. 
reported that 53% of the patients showed remarkable improvement in subjective eval-
uation (placebo 18%) and 93% in objective evaluation (placebo 35%)  [  2  ] . Around an 

   Table 23.1    Intravesical medications for treatment of PBS/IC: Results a    

 Drug  RCT  Success 

 DMSO  Yes  70% 
 BCG  Yes  Con fl icting RCT data as to ef fi cacy 
 RTX  Yes  No proven ef fi cacy 
 Hyaluronic acid  Yes  No proven ef fi cacy 
 Heparin  No  60% 
 Chondroitin sulfate  No  33% 
 Lidocaine  No  65% 
 PPS  Yes  Suggestion of possible ef fi cacy 40% 

   a Adapted by Hanno P. Painful bladder syndrome. In Abrams P, Cardozo L, Khoury S, Wein A, 
editors. Incontinence. Paris; 2009, pp. 1455–1520  
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80% improvement rate has been reported in case series and retrospective studies. With 
regard to side effects after instillation of DMSO, most patients recognize 
a garlic-like odor, which disappears within a day, and about 10% of patients report 
bladder irritative symptoms which resolve with or without symptomatic treatment  [  3  ] . 
It is hypothesized that these transient exacerbations occur as the result of mast cell 
degranulation. The number of signi fi cant side effects is considered to be small  [  4  ] . 
DMSO may accelerate the absorption of other drugs instilled simultaneously, includ-
ing hydrocortisone, heparin, and sodium bicarbonate  [  5  ] .  

   Resiniferatoxin 

 Resiniferatoxin (RTX) is produced from  Euphorbia resinifera , a cactus-like plant of 
Morocco. Its homovanilling ring is a natural ligand of the capsaicin receptor in a 
subpopulation of primary afferent sensory neurons involved in the transmission of 
pain  [  6,   7  ] . When it is administered intravesically, it binds to Transient Receptor 
Potential Vanilloid 1 (TRPV 1) receptors located in C  fi bers in suburothelium and in 
urothelial cells  [  8  ] . 

 Till now, RTX has been used for neurogenic and idiopathic overactive detrusor 
and overactive bladder  [  9,   10  ] . During the last years this drug has also been used for 
the treatment of BPS. 

 A pretreatment analgesia must be performed using an intravesical instillation of 
20–100 ml of 2–4% lidocaine solution, held in the bladder for 10–30 min to increase 
tolerability. RTX was prepared at a dose of 30–100 ml of a 10–100 nM solution in 
ethanol. The drug was retained in the bladder for 30 min. The different treatment 
schemes included single, multiple instillation or prolonged infusion of 10 nM of 
RTX for 10 days by a pump connected to suprapubic catheter. 

 Recently, a systematic review was conducted by Mourtzoukou et al. on the use of 
RTX in BPS and concluded that data regarding clinical effectiveness of RTX are 
contradictory  [  11  ] . Payne et al. conducted the largest randomized placebo-controlled 
study that showed that single administration of RTX at doses of 0.01 to 0.10 mM did 
not improve overall symptoms, pain, urgency, frequency, nocturia, or average void 
volume during 12-week follow-up. RTX resulted in a dose-dependent increase in 
the incidence of instillation pain, but was otherwise generally well tolerated  [  12  ] . 
Other two studies, that used a single dose of RTX in BPS patients, had more encour-
aging results although they included small samples  [  13,   14  ] . Both studies showed an 
improvement of symptoms, either statistically signi fi cant or not, and this improve-
ment was present even 3 months after treatment. 

 Apostolidis et al. investigated the effects of a single intravesical instillation of 
100 ml 50 nM RTX solution in 15 patients with frequency and urgency, four of 
whom had a clinical and histopathological diagnosis of BPS. The overall results 
showed a statistically signi fi cant improvement of maximum cystometric capacity 
urodynamic volume at the  fi rst desire to void, and 24-h frequency at all follow-up 
points (at 1, 3, and 6 months after treatment)  [  15  ] . 
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 Peng et al. reported the effect of intravesical instillation of low-dose RTX (10 nM) 
once weekly for 4 weeks: 7 (54%) out of 13 patients that received instillations 
reported excellent (2/7) or improved (5/7) therapeutic results  [  16  ] . Three patients 
had a signi fi cant increase in functional bladder capacity; pain and quality of life 
signi fi cantly improved 12 weeks after initial infusion. 

 Lazzeri et al. reported the effect of a prolonged infusion of RTX in  fi ve patients 
with BPS and showed a reduction in frequency, nocturia, and pain 4 weeks after 
the end of infusion ( p  < 0.01), while pain remained signi fi cantly lower at 12-week 
follow-up ( p  < 0.05)  [  17  ] . 

 The treatment with RTX is generally well tolerated, and only a small number of 
patients report important side effects: pain during instillation is the most frequent 
complaint (0–87.5%). The pain is of 1-h duration and is accompanied with increase 
in systolic blood pressure during instillation. Increase in urgency and burning sensa-
tion at the suprapubic or urethral level during infusion is less frequently reported. 

 A critical evaluation of the available literature regarding the role of RTX in the 
treatment of patients with BPS suggests that its effectiveness is still questionable.  

   Substitution Therapy 

 Glycosaminoglycans (GAGs) are long, linear polysaccharide compounds synthe-
sized by urothelial cells and associated to the urothelial cell membrane, where they 
reinforce the surface and form an additional permeability barrier; in this way GAGs 
reduce the direct contact of urine with the urothelium  [  18  ] . GAG de fi ciency has 
been suggested as a primary cause of BPS and GAG substitution concepts have 
obtained a predominant position in BPS therapy  [  19  ] . 

 At present, three GAG substituents (heparin, hyaluronan, and chondroitin sul-
fate) and one heparinoid [pentosanpolysulfate (PPS)] are used for substitution 
therapy. 

   Pentosanpolysulfate 

 PPS is a semisynthetic mucopolysaccharide available for oral and intravesical treat-
ment. Its structure is similar to heparin, with a similar postulated mode of action 
when used locally. Oral administration of PPS is a well-established  fi rst-choice 
treatment. There is still poor evidence concerning the results of the intravesical 
instillation therapy. In a randomized controlled trial, Bade et al. found bene fi t in 4 
patients out of 10 on PPS versus 2 of 10 on placebo  [  20  ] . They noted a signi fi cant 
decrease in nocturia and an increase in bladder capacity. In a prospective, uncon-
trolled, open-label study, 29 BPS patients received 300 mg PPS intravesically twice 
a week for 10 weeks and thereafter a voluntary maintenance therapy once a month 
 [  21  ] . Complete response was observed 3, 6, and 12 months after treatment in 16, 27, 
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and 14% of patients, respectively. In most patients, bene fi ts lasted for a short time 
and required sustainment therapy or a renewed treatment. A recent placebo-con-
trolled study of 41 patients found that the addition of a 6-week course of intravesical 
PPS to a regimen of oral PPS signi fi cantly improved results  [  22  ] . No signi fi cant side 
effects are considered to be present using PPS intravesically.  

   Heparin 

 Heparin has similarities to the GAG layer of the bladder. When instilled into the 
bladder, theoretically it might replace the damaged GAG layer. Kuo reported that 
the International Prostate Symptom Score, as well as bladder capacity at initial 
desire to void and maximum bladder capacity, improved signi fi cantly  [  23  ] . 
According to the report by Parsons et al. symptoms were reduced in 56% of patients 
treated 3 times weekly for 12 weeks  [  24  ] . These reports suggest the ef fi cacy of 
heparin; however, there is no randomized comparative study to give conclusive evi-
dence. One study indicated that intravesical heparin instillations may prolong the 
response to DMSO treatment  [  25  ] . No signi fi cant side effects have been reported, as 
it does not affect systemic coagulation parameters. In the case of patients with 
hematuria, however, it may exacerbate local hemorrhage. The instillation method 
has not been standardized. Generally, 10,000–40,000 units of heparin are instilled. 
It is unusual to have pain or irritation as a result of instillation, and retention times 
can be 30 min or more. Instillation frequency can be up to every other day and is 
often administered at home by the patient. Parsons et al. reported that when 
40,000 units of heparin combined with 1–2% lidocaine was instilled 3 times a week 
for 2 weeks, about 80% ef fi cacy was obtained  [  26  ] . There is no upper limit for the 
duration of the treatment, but a long-term effect is unknown. Welk and Teichman 
treated 23 IC patients with a solution of lidocaine, heparin, and sodium bicarbonate 
 [  27  ] . The results of this study demonstrated that this solution provides relief not 
only of voiding symptoms and pain but also of dyspareunia.  

   Hyaluronic Acid 

 Hyaluronic acid (HA), a GAG present in the bladder mucosa, plays an important pro-
tective role on the underlying urothelium. HA inhibits adherence of immune com-
plexes to polymorphonuclear cells, leukocyte migration, and aggregation. It also binds 
to lymphocytes and endothelial cells, blocking the ICAM-1 receptors and alleviating 
the in fl ammatory process. A few studies on HA in PBS/IC are available in the litera-
ture: Morales et al. reported a 71% partial or complete response to treatment with HA 
after 12 weeks, with a subsequent relapse after 24 weeks  [  28  ] . 
A lower response rate of only 30% was demonstrated by another author on a small 
group of PBS/IC patients, achieving improvement in both pain and frequency  [  29  ] . 
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Kallenstrup et al. reported a positive response to treatment in 65% of patients, with a 
follow-up of 3 years. A signi fi cant reduction in pain score was noted (2.2-fold decrease 
in pain score after 3 months and 5.2-fold decrease after 3 years), while reduction in 
urinary frequency was not observed  [  30  ] . Similar results on pain emerge from the 
study by Daha et al.  [  31  ] . The greatest symptomatic improvement observed in this 
study was achieved in a selected group of patients, whose bladder showed a 30% 
reduction in maximum bladder capacity following cystometry done with KCl as com-
pared to NaCl ( p  = 0.003). Two other groups reported the use of HA intravesical instil-
lation combined with hydrodistension under general anesthesia. Leppilahti et al. 
reported complete or partial response in 8 patients out of 12 with this technique  [  32  ] . 
Ahmad et al. recently reported their experience on 23 patients: they obtained a response 
rate of 74% with an average follow-up of 15.8 months  [  33  ] .  

   Chondroitin Sulfate 

 Chondroitin sulfate (CS), which is less expensive and more inert than heparinoids, 
hyaluronan, or PPS, has been introduced to restore the barrier function lost due to 
epithelial dysfunction in BPS. In an open-label study, Steinhoff et al. used chondroi-
tin sulfate in patients with BPS and positive potassium test. Thirteen patients were 
followed for the entire 13-month study. A total of 6/13 (46.2%) showed a good 
response, 2/13 (15.4%) had a fair response, 4/13 (30.8%) had a partial response, and 
1/13 (7.7%) showed no response  [  34  ] . 

 In a multicenter, community-based open-label study Nickel et al. showed that 
47% of the 53 enrolled patients were responders at week 10. At 24 weeks, 60% were 
responders. There was a statistically and clinically signi fi cant decrease in the mean 
symptom and bother scores from baseline at 10 weeks and 24 weeks ( p  < 0.001). 
There were no signi fi cant safety issues during the study  [  35  ] . 

 In a multicenter, randomized, double-blind study 65 patients were random-
ized. At week 7, 22.6% of the vehicle control group were responders compared 
with 39.4% of the active therapy group ( p  = 0.15). Overall, 76.9% of the patients 
in the study reported at least 1 adverse event; most were mild or moderate, the 
majority associated with the vehicle control treatment. The difference in treat-
ment effect in this small underpowered study was not statistically signi fi cant, 
although twice as many patients reported a clinically signi fi cant bene fi t with 
intravesical chondroitin sulfate treatment compared with vehicle control treat-
ment  [  36  ] .  

   Hyaluronic Acid Plus Chondroitin Sulfate 

 To maximize the potential for urothelial restoration, and to elucidate the optimal dose 
and schedule, HA 1.6% and CS 2.0% were combined for intravesical instillation ther-



31323 Intravesical Therapy

apy in the course of two independent preliminary, open-label, uncontrolled studies, 
each in 23 patients with BPS. There was signi fi cant symptomatic improvement for 
patients in both studies. In one study, weekly bladder instillations of the combination 
of agents were administered for 20 weeks, then monthly for 3 months, with a mean 
follow-up for another 5 months  [  37  ] . In the other study, the same combination of 
agents was administered intravesically weekly for 12 weeks and, if there was a 
response, biweekly for 6 months  [  38  ] .   

   Bacillus Calmette–Guerin 

 The ef fi cacy of intravesical BCG for the treatment of BPS was evaluated in 
three RCTs. Peters et al. conducted a randomized double-blind study showing a 
60% improvement compared to 27%  [  39  ]  placebo response with good long-term 
results at 27 months  [  40  ] . The most recent NIDDK-sponsored RCT supports 
these  fi ndings demonstrating bene fi t in 21% of the BCG group compared to 
12% in the placebo group ( p  = 0.062)  [  41  ] . In a crossover trial BCG versus 
DMSO, none of the patients improved on BCG at  fi rst treatment, whereas seven 
improved using DMSO, two when DMSO was the  fi rst-line treatment, and  fi ve 
when DMSO followed BCG  [  1  ] .  

   Conclusion 

 Different therapeutic strategies are possible for intravesical treatment. Agents like 
hyaluronic acid, heparin, and BTX-A show promising tendencies in recent research, 
and combination with other therapeutic modalities. On the contrary, BCG and RTX 
do not seem to have any improving effect on symptoms in BPS. Adverse or side 
effects are seen with DMSO and RTX. Generally, it is necessary to do more research 
in this  fi eld. Controlled studies with larger populations, possibly divided in well-
de fi ned subgroups (classic and non-ulcer BPS), are strongly needed.      
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   Hydrodistension 

 Bumpus  [  1  ]  was the  fi rst one to describe hydrodistension as a therapy for interstitial 
cystitis. He found in patients subjected to distension of the bladder under anaesthe-
sia that there was a considerable, although temporary, relief of pain. Subsequently, 
the method was established as a standard therapeutic measure. As late as 40 years 
ago hydrodistension was a standard procedure, little else to be offered to patients 
with intolerable bladder pain. As is not uncommon, the scienti fi c foundation of this 
method in the treatment of bladder pain syndrome (BPS)/interstitial cystitis is still 
not more than empirical. Explanations of the effect are speculative, the most 
favoured hypotheses ranging from disruption of the intramural sensory neural net-
work to decrease of the blood supply to the detrusor. 

 When used as a therapeutic measure, distension during general anaesthesia has 
to be administered at regular intervals. The common interval between treatments 
used to be 3 months, providing temporary relief of pain although mostly short-lived 
and seldom sustained to the next treatment. Compared to ablation of lesions by 
transurethral resection, hydrodistension is inferior  [  2  ] . In exceptional cases, hydro-
distension may be adequate to maintain pain relief for half a year or more, and in 
such cases it may be a realistic option although such cases are extremely rare.  
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   Prolonged Distension 

 In 1972, Helmstein presented a method to treat super fi cial tumours of the urinary 
bladder  [  3  ] . He used a catheter furnished with a large balloon, transurethrally 
inserted into the bladder and expanded with  fl uid until an intravesical pressure above 
the arterial pressure was reached. The objective of this treatment was to reach a 
manifest pressure reducing the blood  fl ow to the bladder and maintaining this pres-
sure during periods of 30 min. Since the procedure is very painful, treatment had to 
be administered during regional or general anaesthesia. This modality was tested in 
severe urgency and also tried in interstitial cystitis. Dunn et al.  [  4  ]  found this method 
useful but longer follow-up has been unfavourable and because of the complicated 
procedure the method has almost been abandoned.  

   Ablative Techniques 

   Transurethral Resection and Coagulation 

 The idea of resecting in fl amed bladder tissue in BPS is not new; rather it dates back 
some one hundred years when Guy Hunner reported on open resection of ulcers 
 [  5  ] . Later, when transurethral techniques became available, transurethral resection 
and fulguration were on trial in limited investigations, also resulting in favourable 
but variable symptomatic outcome  [  6,   7  ] . In the 1980s, a more systematic applica-
tion of the transurethral technique, with careful and radical electro-resection of all 
lesions, was described  [  2  ] . This technique yielded quite favourable results, also 
long-term, and implies complete resection of all lesions, including a peripheral 
oedema zone and the underlying super fi cial detrusor muscle, using a minimum of 
coagulation. Thus, broad coagulation of the resected surfaces is avoided, using 
solely pinpoint treatment of bleeding vessels. The reason for this mode of proce-
dure is to avoid promotion or enhancement of bladder contracture, a well-known 
complication to the classic Hunner type, ESSIC BPS type 3C disease. Some 
10 years ago the hitherto largest series on this technique was published. In this 
study, the long-term outcome in 103 patients with classic IC and their response to 
complete TUR of visible lesions were retrospectively evaluated  [  8  ] . In that series, 
an initial satisfactory symptomatic effect in nine of ten patients with BPS    type 3C 
was registered. Interestingly, the included patients could be divided into four rela-
tively distinct groups: long-term good responders (long-term remission for 3 years 
or more with a maximum of three resections), short-term good responders (need 
for repeated resections to stay symptomatically relieved and follow up less than 
3 years), patients with bladder contracture (developed over more than 2 years) and 
end-stage disease (within 2 years after diagnosis). The excellent symptomatic 
effect in many patients with ESSIC 3C disease makes TURB a  fi rst-line treatment, 
with few comparable alternatives. 
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 TUR has been suggested to result in symptom improvement by removal of 
intramural nerve endings engaged by the in fl ammatory process. Surgical com-
plications are most commonly retroperitoneal bladder perforation and persistent 
hematuria. Such complications are rare and typically just require prolonged 
catheter drainage  [  8  ] .  

   Laser 

 Neodymium (Nd): YAG laser has been used in urology since the 1960s. Shanberg 
et al. were the  fi rst to use it for treatment of BPS  [  9  ] . Laser ablation penetrates 
approximately 5 mm, heating tissue to 60–70 degree C, thought to be leaving elastic 
 fi bres undamaged. Laser is among some considered advantageous over TURB, 
since repeated resections are supposed to cause bladder contracture. The opposite 
argument can be in fl icted on laser, since the depth of the laser effect is dif fi cult to 
determine, bladder perforation occurring also with laser. Careful performance of 
TURB allows a reasonably good control of the extent of surgical damage. Which 
one of the two techniques might induce less reparative activity in the bladder wall 
remains an open question. 

 Essentially, the transurethral methods are only applicable in ESSIC type 3C dis-
ease with circumscript in fl ammatory lesions. Diffuse widespread glomerulations 
are not accessible to endoscopic ablation; in fact they are not necessarily an expres-
sion of a disease con fi ned to the urinary bladder. The disease mechanisms and the 
response to various treatments are so far speculative. Ablation implies removal of 
intramural sensory nerves and in fl ammatory aggregates having an effect on nerves 
engaged by the in fl ammatory process. Traditionally, mast cells have been thought to 
re fl ect intensity and grade of 3C disease. Therefore, it has been hypothesised that 
patients with a high mast cell density respond more favourably to TUR-B; however 
a recent report could not demonstrate that the mast cell density in the lamina propria 
predicted outcome after TUR  [  10  ] . Hypotheses do not always turn out positive and 
many enigmas in BPS remain to be solved.       
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 Botulinum toxin (BTX) has become a widely used treatment for refractory overactive 
bladder (OAB) symptoms due to both neurogenic  [  1  ]  and idiopathic  [  2  ]  detrusor over-
activity. Several reports of its use in bladder pain syndrome (BPS) suggest that it may 
have a role to play in the management of this condition also. 

 BTX is a protein that is produced naturally by  Clostridium botulinum . The toxin 
is taken up by endocytosis at nerve terminals where it stops the vesicular release of 
neurotransmitters at the synapse. It does this by cleaving the SNAP-25 protein, 
which is required for normal vesicle fusion with the plasma membrane of the axon 
synapse. Depending on the nerves affected, the synaptic release of not only acetyl-
choline but also all neurotransmitters from the nerve terminal is prevented. 

   Neurobiology and Possible Modes of Action 

 The precise mechanism of action of BTX in BPS is speculative. The little we 
know about it may be extrapolated through our evolving understanding of the 
neurobiology of the OAB, in particular the concept of the urothelium as a syncy-
tium or “sensory web”. The urothelium appears to function as a transducer of 
mechanical and chemical stimuli and communicates with the underlying nerve 
plexus, detrusor smooth muscle and myo fi broblasts. Urothelial cells express sev-
eral receptors/ion channels that are also found on suburothelial afferent nerves. 
These include, among many others, the ion channel TRPV1 and the ATP-gated 
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purinergic receptor P2X 
3
 . There are also many neurotransmitters involved in 

afferent signalling in the urothelium, including ATP, substance P (SP), nitric oxide 
(NO), calcitonin gene-related peptide (CGRP), tachykinins and acetylcholine 
 [  3–  5  ] . These neurotransmitters are released not only from the afferent nerve  fi bres; 
many are released from the urothelium itself. In this way, through the release of 
its neurotransmitters, the urothelium may control the  fi ring thresholds and activity 
of the underlying afferent nerves and detrusor muscle. 

 The suburothelial plexus of afferent nerves consists of myelinated A d  and unmy-
elinated C  fi bres. Afferent signals from these  fi bres are relayed centrally to the peri-
aqueductal grey area of the midbrain. Normal bladder stretch activates A d   fi bre 
discharge, while C  fi bres are normally silent, becoming active in in fl ammatory con-
ditions. In neurogenic detrusor overactivity (NDO) suburothelial C- fi bres become 
more prominent and active. They begin to discharge in response to mechanical stim-
uli which leads to increased parasympathetic stimulation of the bladder and there-
fore DO. Evidence is growing that a similar mechanism applies in idiopathic 
detrusor overactivity (IDO) in which an increased density of nerve  fi bres that are 
immunoreactive to TRPV1, P2X 

3
 , SP and CGRP has been observed. Following suc-

cessful treatment of OAB with BTX injection, the proportion of suburothelial affer-
ent nerve  fi bres expressing P2X 

3
  and TRPV1 is reduced signi fi cantly, while the 

overall nerve  fi bre density is unaltered  [  4  ] . These changes are seen only in the nerve 
 fi bres; receptor expression in the urothelium is unaltered. It therefore appears that at 
least part of the therapeutic effect of BTX in DO may be due to reduced expression 
of sensory receptors in otherwise intact afferent nerves. It is postulated that the 
reduction in the density of P2X 

3
  and TRPV1 receptor levels may reduce the sensi-

tivity of aberrant C- fi bres to stretch and thereby reduce overactivity in the detrusor. 
 Many of the mechanisms involved in the pathophysiology of DO are known to 

apply also in BPS. Aberrant C- fi bre activity is certainly present as is the increased 
expression of TRPV1 and P2X3 receptors. It is also known that urothelial stretch, as 
occurs in bladder  fi lling, causes the urothelium to release ATP. This release is 
ampli fi ed in patients with NDO and it is also a prominent  fi nding in tissue from 
patients with BPS  [  6  ] . ATP has the effect of lowering the threshold for activating the 
ion currents through TRPV1 receptors. This is a possible mechanism by which large 
amounts of ATP, released from damaged or sensitised urothelial cells in response to 
injury or in fl ammation, may trigger the sensation of pain  [  7  ] . BTX abolishes the 
stretch-induced release of ATP from the urothelial side of the bladder but not that 
from the basal/serosal side. This suggests that ATP release from the urothelium 
occurs by exocytotic release  [  8  ] . However urothelium, in contrast to sensory nerves, 
does not express SV2 or SNAP-25, which would preclude a direct action of 
BTX-A. 

 Recent work by Portuguese researchers has identi fi ed a further effect of BTX 
treatment in BPS, namely, a reduction in urinary levels of the neurotrophins NGF 
and brain-derived growth factor (BDNF). NGF is produced by urothelial cells and 
detrusor muscle  fi bres, while BDNF arises from urothelial cells and sensory nerve 
 fi bres. The mechanism for this reduction in urinary neurotrophin levels is unknown, 
but it may re fl ect a reduction in sensory nerve density in the trigone  [  9  ] . 



32325 Botulinum Toxin Treatment in Bladder Pain Syndrome

 There are thus four probable mechanisms by which BTX might have a therapeu-
tic impact in BPS:

    1.    Prevention of Ach release from presynaptic nerve terminals.  
    2.    Reduced expression of P2X3 and TRPV1 receptors on afferent nerves.  
    3.    Prevention of stretch-induced ATP release from the urothelium.  
    4.    Reduced production of neurotrophins NGF and BDNF.      

   Botulinum Toxin Treatment in BPS 

 Table  25.1  summarises those studies that have looked at BTX in BPS. With three 
exceptions all were small open-label trials  [  9–  18  ] . Most treatments are done under 
general anaesthetic, although local anaesthesia using intravesical lignocaine and 
sodium bicarbonate is a useful alternative. The authors have found that BTX injec-
tion in BPS patients is considerably more challenging than when done for OAB. 
The BPS bladder is generally of smaller capacity and has an in fl amed urothelium 
that bleeds readily at each injection site. This necessitates the use of continuous 
irrigation, for which general anaesthesia is ideal.  

 Most urologists inject the toxin into the trigone, on the basis that this is where 
sensory afferent nerve concentration is greatest. This may also minimise the risk of 
post-operative urinary retention. One group who injected the trigone alone reported 
no problems with urinary retention  [  9  ]  whereas those groups who injected the trig-
one and other areas reported an incidence of urinary retention of between 3 and 18% 
 [  11–  13  ] . 

 Patient improvement rates are variable between studies, as are the means of 
patient selection and the instruments used to measure outcomes. However, all non-
randomised studies showed improvement in symptoms in between 69 and 100% of 
patients  [  9–  15  ] . 

 Although patient numbers are limited in published randomised controlled trials, 
two of them show signi fi cantly better improvement rates for BTX-A when com-
pared to either hydrodistension or pentosan polysulphate. 

 Kou and Chancellor performed an excellent randomised controlled trial of 
intravesical BTX-A plus hydrodistension versus hydrodistension alone in 67 
patients who satis fi ed the NIDDK criteria and who had persistent symptoms 
despite being on pentosan polysulphate treatment. The patients were randomly 
assigned to one of the three treatments: BTX-A (100 units) followed 2 weeks later 
by hydrodistension, BTX-A (200 units) followed 2 weeks later by hydrodisten-
sion or hydrodistension alone. While patients in all three treatment groups expe-
rienced a signi fi cant decrease in their symptom scores, those who received BTX-A 
plus hydrodistension experienced superior and longer lasting symptomatic relief 
than those who had hydrodistension alone. The effect of BTX injection treatment 
was also durable as 55% remained asymptomatic at 12 months. There was no dif-
ference in the degree of pain control and bladder capacity increase between the 
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two doses of BTX-A. However, vthose who received the larger dose experienced 
a higher rate of voiding dysfunction and, although none appear to have required 
self-catheterisation, three patients did need “temporary catheterisation”  [  16  ] . 

 A study from Egypt randomised 28 female patients to intravesical BTX-A injection 
treatment or instillations of pentosan polysulphate. These women satis fi ed the NIDDK 
criteria. At 21 weeks post treatment the improvements in pain, frequency, nocturia and 
urgency were signi fi cantly greater for the BTX group than for those who received PPS 
instillations  [  18  ] . However, another trial showed no difference between the injection of 
BTX and saline injections. Gottsch et al. randomised 20 patients to receive periurethral 
injections of either BTX-A (50 units) or saline. No signi fi cant improvement in symp-
toms was found in either group at 3 months and there was no difference between the 
two study groups  [  17  ] . However, in this study BTX was injected transperineally under 
ultrasound guidance, a technique not used by others. Furthermore, the injected volume 
was small (two injections of 1 ml per injection). Since BTX is taken up only by nerve 
terminals, and since these are located mainly between the detrusor and urothelial lay-
ers, such an approach might not hit the desired target. 

 Despite these variations in technique, mode of injection and patient selection, 
virtually all non-randomised and two randomised trials have shown a clear bene fi t 
of BTX injection treatment for BPS. It is indeed a promising treatment option and 
one that deserves further study.      

   References 

    1.   Duthie J, Wilson DI, Herbison GP, Wilson D. Botulinum toxin injections for adults with overac-
tive bladder syndrome. Cochrane Database Syst Rev. 2007;18(3):CD005493.  

    2.    Anger J, Weinberg A, Suttorp MJ, Letwin MS, Shekelle PG. Outcomes of intravesical botuli-
num toxin for idiopathic overactive bladder symptoms: a systematic review of the literature. 
J Urol. 2010;183:2258–64.  

    3.      Apostolidis A, Haferkamp A, Aoki KR. Understanding the role of botulinum toxin A in the 
treatment of the overactive bladder: more than just muscle relaxation. Eur Urol. 2006;5(11):
670–78 suppl.  

    4.    Apostolidis A, Popat R, Yiangou Y, Cockayne D, Ford APD, Davis JB, Dasgupta P, Fowler CJ, 
Anand P. Decreassed sensory receptors P2X3 and TRPV1 in suburothelial nerve  fi bres follow-
ing intradetrusor injections of botulinum toxin for human detrusor overactivity. J Urol. 
2005;174:977–83.  

    5.    Birder LA, Kanai AJ, Cruz F, Moore K, Fry CH. Is the urothelium intelligent? Neurourol 
Urodyn. 2010;29(4):598–602.  

    6.    Sun Y, Keay S, DeDeyne PG, Chai TC. Augmented stretch-activated adenosine triphosphate 
release from bladder uroepithelial cells in patients with interstitial cystitis. J Urol. 
2001;166:1951–6.  

    7.    Birder L, de Groat W, Mills I, Morrison J, Thor K, Drake M. Neural control of the lower urinary 
tract: peripheral and spinal mechanisms. Neurourol Urodyn. 2010;29(1):128–39.  

    8.    Khera M, Somogyi GT, Kiss S, Boone TB, Smith CP. Botulinum toxin A inhibits ATP release 
from bladder urothelium after chronic spinal cord injury. Neurochem Int. 2004;45(7):987–93.  

    9.    Pinto R, Lopes T, Frias B, Silva A, Silva JA, Silva CM, Cruz C, Cruz F, Dinis P. Trigonal injec-
tion of botulinum toxin A in patients with refractory bladder pain syndrome/interstitial cystitis. 
Eur Urol. 2010;58(3):366–8.  



32725 Botulinum Toxin Treatment in Bladder Pain Syndrome

    10.    Smith CP, Radziszewski P, Borkowski A, Somogyi GT, Boone TB, Chancellor MB. Botulinum 
toxin A has antinocceptive effects in treating interstitial cystitis. Urology. 2004;64:871–5.  

    11.    Giannantoni A, Costantini E, Di Stasi SM, Tascini MC, Bini V, Porena M. Botulinum A toxin 
intravesical injections in the treatment of painful bladder syndrome: a pilot study. Eur Urol. 
2006;49:704.  

    12.    Carl S, Grosse J, Laschke S. Treatment of interstitial cystitis with botulinum toxin type A. Eur 
Urol. 2007;6:248.  

    13.    Ramsay AK, Small DR, Conn IG. Intravesical botulinum toxin type A in chronic interstitial 
cystitis: results of a pilot study. Surgeon. 2007;5(6):331–3.  

    14.    Liu HT, Kuo HC. Intravesical botulinum toxin A injections plus hydrodistension can reduce 
nerve growth factor production and control bladder pain in interstitial cystitis. Urology. 
2007;70(3):463–8.  

    15.    Giannantoni A, Porena M, Costantini E, Zucchi A, Mearini L. Botulinum A toxin intravesical 
injection in patients with painful bladder syndrome: 1-year follow-up. J Urol. 
2008;179(3):1031–4.  

    16.    Kuo HC, Chancellor MB. Comparison of intravesical botulinum toxin type A injections plus 
hydrodistension with hydrodistension alone for the treatment of refractory interstitial cystitis/
painful bladder syndrome. BJU Int. 2009;104:657–61.  

    17.    Gottsch HP, Miller JL, Yang CC, Berger RE. A pilot study of botulinum toxin for interstitial 
cystitis/painful bladder syndrome. Neurourol Urodyn. 2011;30:93–6.  

    18.    Rasheed T, Farahat A, Bahnasy M, Bindary A, Tatawy H. A prospective randomized study of 
intravesical pentosan polysulfate and botulinum toxin-A for the treatment of painful bladder 
syndrome/interstitial cystitis. Eur Urol Suppl. 2010;9(2):641.      



329J. Nordling et al. (eds.), Bladder Pain Syndrome: A Guide for Clinicians,
DOI 10.1007/978-1-4419-6929-3_26, © Springer Science+Business Media New York 2013

         Introduction 

 Neurostimulation, also known as neuromodulation, is an innovative and 
 minimally invasive surgical treatment for various refractory conditions includ-
ing lower urinary tract (LUT) dysfunctions, chronic pain, Parkinson’s disease, 
and gastroparesis. It involves extrinsic stimulation of nerves, the spine, or the 
brain in order to obtain the desired therapeutic effect. For the LUT, neuro-
modulation is primarily achieved via sacral nerve stimulation (SNS), although 
pudendal and posterior tibial nerve stimulations have been described. 

 Tanagho and Schmidt initially described SNS for the treatment of voiding 
dysfunction in 1988  [  1  ] . Since then, The US Food and Drug Administration 
has approved SNS for four indications: urinary urge incontinence (1997), 
urgency–frequency syndrome, nonobstructive urinary retention (1999) and chronic 
fecal incontinence (2011). Currently, InterStim (Medtronic Inc., Minneapolis, 
MN) is the only available device for SNS in the United States. Although not 
of fi cially approved for the treatment of Bladder Pain Syndrome (BPS), multiple 
recent clinical studies have emerged showing its bene fi t for patients with this 
chronic debilitating condition, improving the pain and the urgency–frequency 
symptoms, as well as the quality of life.  
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   Mechanism of Action 

 The bladder wall contains visceral parasympathetic afferents in the form of lightly 
myelinated A d  (delta)  fi bers and unmyelinated C  fi bers, possessing predominantly 
mechanosensitive (tension) and chemosensitive (nociception) properties, respec-
tively  [  2  ] . Upon bladder  fi lling, A d  (delta)  fi bers respond to physiologic low-threshold 
intravesical pressure, whereas C  fi bers are typically silent. In animal models, unmy-
elinated bladder afferents exhibit impulse transmission following chemical irrita-
tion, and in the presence of signi fi cant epithelial in fl ammation may exhibit both 
spontaneous activity and novel mechanosensitivity  [  3,   4  ] . Such C  fi ber plasticity 
may play a role in the evolution of BPS symptoms. Physiologic bladder  fi lling in the 
presence of chronic in fl ammation could produce an afferent barrage resulting in 
frequency, urgency, and pain  [  5  ] . 

 Sacral neuromodulation (SNM) is thought to function in part through the inhibi-
tion of C  fi ber impulse transmission to the central nervous system. This theory is 
supported by experimental evidence provided by Shaker et al., who administered 
SNS to spinalized animals with (C  fi ber-mediated) bladder hyperre fl exia  [  6  ] . Thirty-
nine female Sprague–Dawley rats were divided equally into three groups: normal 
controls; spinally transected at T10; and spinally transected and electrically stimu-
lated. Three weeks after transection, bladder hyperre fl exia and C  fi ber activity were 
con fi rmed by urodynamics and increased L6 dorsal root ganglia levels of neuropep-
tide (substance P, neurokinin A, and calcitonin gene-related peptide), respectively. 
Electrostimulation of S1 in group 3 resulted in the absence of appreciable detrusor 
activity upon  fi lling, in addition to signi fi cantly less neuropeptide within the L6 
dorsal root ganglia than in group 2, consistent with decreased C  fi ber impulse 
delivery. 

 Inhibition of C  fi ber transmission by SNM may occur as a result of primary 
somatic afferent activation, as typically employed SNS impulse parameters exhibit 
an af fi nity for somatic (versus visceral) and afferent (versus efferent) nerve  fi bers  [  7, 
  8  ] . Somatic afferent inhibition of C  fi ber transmission may be explained by the 
“gate theory” introduced by Melzack and Wall in 1965, in which well-myelinated 
large-diameter (somatic)  fi bers impair impulse delivery by poorly myelinated small-
diameter (visceral)  fi bers to higher centers  [  9  ] . 

 Visceral and somatic afferent pathways converge at the level of sacral cord; thus, 
by stimulating somatic afferents as in posterior tibial nerve stimulation, bladder 
activity is inhibited by blocking bladder afferent input to the sacral cord  [  10  ] . Similar 
 fi ndings have been demonstrated with stimulation of the pudendal nerve in spinal-
ized cats. Further examination of the afferent branches of the pudendal nerve has 
identi fi ed two distinct branches (cranial urethral sensory and dorsal nerve of the 
penis) that can mediate electrically evoked bladder contractions and presented evi-
dence for two distinct micturition pathways (spino-bulbo-spinal vs. spinal re fl exes) 
activated by selective afferent pudendal nerve stimulation  [  11  ] . Furthermore, effects 
of SNM may occur at the spinal and supraspinal levels by inhibiting the spinal neu-
rons involved in the micturition re fl exes, interneurons involved in spinal segmental 
re fl exes, and postganglionic neurons  [  12  ] .  
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   Patient Selection 

 Neuromodulation’s minimally invasive nature, safety pro fi le, and staged reversible 
technique make it an appealing option for patients with intractable, debilitating BPS 
symptoms who have failed conventional conservative interventions (e.g., dietary 
modi fi cations, behavioral and physical therapy, medical treatment) and before hav-
ing more invasive surgical therapies. However, patients should be extensively coun-
seled about the off-label use of the device and the potential complications, and an 
informed consent is obtained. 

 To determine the eligibility for the chronic pulse generator implantation, each 
patient should undergo an initial screening test. Two tests are available: the percutane-
ous nerve evaluation (PNE) and the  fi rst stage lead placement (FSLP) using tined 
leads. If the patient demonstrates adequate improvement of urinary symptoms during 
this trial period (as documented by ³ 50% improvement of parameters based on pre- 
and post-procedure voiding diaries and pain scores), the second stage with the implan-
tation of a programmable pulse generator is performed  [  13  ] . Because of the decreased 
risk of lead migration and the longer test duration, the FSLP test has a higher response 
rate  [  14  ] . Borawski et al. found that FSLP better predicted progression to implantation 
when compared to PNE in a prospective randomized trial of patients with urge incon-
tinence (88% versus 46%,  n  = 30)  [  15  ] . In another retrospective study, 42 patients 
received bilateral PNE and 11 received bilateral FSLP. Eighty-two percent of FSLP 
progressed to implantable pulse generator (IPG) placement, while only 47% of 
patients receiving PNE progressed to chronic implantation  [  16  ] . 

 Patients are contraindicated for implant of the InterStim System if they have not 
demonstrated an appropriate response to test stimulation or are unable to operate the 
neurostimulator. Also, diathermy (e.g., shortwave diathermy, microwave diathermy, 
or therapeutic ultrasound diathermy) is contraindicated because diathermy’s energy 
can be transferred through the implanted system (or any of the separate implanted 
components), which can cause tissue damage. Similarly, magnetic resonance imag-
ing is not recommended in patients who have any implanted components of the 
neurostimulation system.  

   Overview of the Procedure 

 The procedure for SNM is divided into two parts: the initial screening test and the 
implantation of the chronic IPG. In the initial description of SNM for voiding dys-
function, the screening test consisted of a bilateral PNE, which was essentially a 
“blind” placement of a temporary electrode through the S3 foramen using anatomi-
cal/bony landmarks without the aid of  fl uoroscopy. The screening trial would last 
for several days. Patients who had a successful screening evaluation underwent 
placement of a chronic lead under general anesthesia, where the appropriate sacral 
foramen was identi fi ed without  fl uoroscopy, and the lead was attached through a 
deep presacral incision directly to the posterior sacral periosteum. 
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 In 2002, the FDA approved of the tined lead (Fig.  26.1 ), which eliminated the need 
for a deep incision and anchoring. This modi fi cation revolutionized the procedure, 
allowing for a minimally invasive approach under a combination of intravenous seda-
tion and local anesthesia. This procedure was  fi rst described by Spinelli et al. in 2003 
and uses a combination of intraoperative  fl uoroscopy to improve the accuracy of lead 
placement and the tined lead device to minimize migration during the screening trial. 
Previously, the rigid, non-coiled test lead used in the PNE was easily dislodged during 
the screening trial after a brief period, resulting in a higher rate of false negative 
screening tests. In the staged trial, the tined lead may be left in place for several weeks 
to allow for a longer screening period. Those with a successful tined lead-staged trial 
can then proceed with the second-stage implantation of the programmable pulse gen-
erator and expect to experience the same bene fi t derived from the trial.  

 Because of the expense and degree of invasiveness, most of the time, a staged 
trial is conducted using only a single lead. Some investigators have suggested that 
stimulating only one side limits the ability of the screening trial to fully assess for 
symptomatic improvement. A bilateral PNE allows for two sides to be tested in a 
more economical and less invasive fashion. In contrast to previous trials, anterior–
posterior (AP) and lateral  fl uoroscopy can be employed during the PNE procedure 

  Fig. 26.1    The tined lead eliminated the need for deep anchoring and decreased the rate of lead 
migration. Reprinted with permission of Medtronic, Inc. ©2012. Please note that the information 
addresses InterStim Therapy for interstitial cystitis, a use which the FDA has not approved. 
Medtronic does not market its products for unapproved indications and makes no representations 
regarding the safety and/or ef fi cacy for unapproved uses       
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to improve lead placement within the foramen. Both the stage I lead placement and 
the bilateral PNE under  fl uoroscopic guidance, as described below, are used in cur-
rent practice as formal screening trials prior to generator implantation  [  13  ] .  

   Surgical Technique 

   Percutaneous Nerve Evaluation 

 This procedure may be performed in the of fi ce under local anesthesia or in the oper-
ating room under local anesthesia with intravenous sedation. The patient is placed in 
a prone position with a 30°  fl exion in the hips to position the sacrum horizontally. 
Two or three pillows may be placed under the abdomen to minimize lumbar lordosis. 
The patient is draped to allow visualization of the anus as well as the feet in order to 
check for appropriate motor responses. The nonsterile ground pad is af fi xed to the 
patient’s heel or calf. Strict antiseptic techniques should be used throughout the pro-
cedure. If  fl uoroscopy is not available, bony landmarks can be used to identify the S3 
level by palpation. At the level of the upper border of the greater sciatic notch, the S3 
sacral foramen is located 2 cm from the midline. The S2 and S4 foramina are located 
2 cm cephalad and caudal to S3, respectively. Also S3 foramen can be found 9 cm 
cephalad from the drop-off of the sacrum and 2 cm from the midline. 

 If  fl uoroscopy is available, the sacral foramina can be located 2 cm from the 
midline at the level of the line connecting the inferior borders of the sacroiliac (SI) 
joints. The foramen needle is typically inserted 1–2 cm cephalad from the spot 
identi fi ed as the S3 level, piercing the skin at an angle of approximately 60°, and 
traverses a certain distance of skin and adipose tissue before it reaches the foramen 
(Fig.  26.2 ). Insertion at this angle ensures that the needle is aligned perpendicular to 
the bony surface. If the patient is overweight, the insertion point may be above the 
mark. Because the sacrum is curved, the angle of insertion varies for each foramen. 
The margins of the foramen should be identi fi ed with the tip of the needle before it 
is inserted into the foramen. The nerve and vascular bundle is usually located on the 
upper medial side of the foramen. For most patients, the 3.5 in. (9 cm) needle is 
appropriate. For larger patients the 5 in. (12 cm) foramen needle may be needed.  

 To test the nerve responses, the mini-hook (J-hook) on the patient cable is con-
nected to the uninsulated portion of the foramen needle (a black band below the 
hub). The test stimulator is turned “ON” and the amplitude intensity is increased 
gradually to obtain sensory or motor responses (Table  26.1 ). Slight adjustments in 
the depth and angle of the needle can produce marked changes in response. To 
locate the optimal S3 response and increase the likelihood of success, the test should 
be repeated contralaterally or at the S2 or S4 sites. If no site produces the desired 
response, the nerve may have been anesthetized by the local anesthetic, or the patient 
may not be responding to stimulation. It is critical to accurately document the 
responses to stimulation.  
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 The temporary test stimulation lead is a coiled, insulated, multistranded wire, 
which elongates when stretched or stressed. A stainless steel connector pin is 
located at the proximal end of the lead and the exposed electrode is located at the 
distal end. The lead is gently threaded with the  fi ngers through the needle cannula. 
When the lead passes the needle tip, a slight resistance is felt. To avoid shearing 
the tip of the lead, the needle should not be advanced once the lead has exited the 
tip. 

 Lateral  fl uoroscopy may help to assess the depth and position of the lead. When 
properly positioned, the electrode should lie approximately 2.5 cm beyond the perios-
teum, and 0.5–1 cm anterior to the sacral surface. Once the lead is positioned, nerve 
response is con fi rmed by connecting the J-hook to the connector pin of the lead and 
turning the test stimulator amplitude “ON.” The foramen needle and lead stylet are 
removed carefully. The appropriate response is recon fi rmed. The lead is  fi xed to the 
skin with tape to avoid displacement and appropriate dressing is applied.  

   Stage 1: Test Stimulation with a Chronic Lead 

 This is usually performed in the operating room under intravenous sedation and 
local anesthesia. Fluoroscopy should be available. The procedure starts similarly 

  Fig. 26.2    The needle is inserted at a 60° angle to the skin into the upper medial aspect of the S3 
foramen. Reprinted with permission of Medtronic, Inc. ©2012. Please note that the information 
addresses InterStim Therapy for interstitial cystitis, a use which the FDA has not approved. 
Medtronic does not market its products for unapproved indications and makes no representations 
regarding the safety and/or ef fi cacy for unapproved uses       
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to what was described above for the PNE. Once the foramen needle is in position, 
the stylet is removed and a guidewire is inserted as a place holder prior to remov-
ing the foramen needle. A small stab incision (5 mm) is made to accommodate the 
lead introducer. It must be wide and deep enough to prevent trapping the lead in 
the skin. The two-part lead introducer (dilator and sheath) slides over the guidewire, 
and is advanced into the foramen, until the radiodense marker is at the anterior 
surface of the sacrum. The dilator is then removed. The tined lead (with stylet 
inserted) is advanced through the sheath until the second white marker on the lead 
body aligns with the introducer sheath handle. At this point the four electrodes are 
exposed, but not the tines (this is clearly visible under  fl uoroscopy). The position 
of the electrodes is con fi rmed by stimulating each electrode separately and check-
ing for motor and sensory responses (see Table  26.1 ). The position can be adjusted 
accordingly. The optimal position for the lead is in the upper medial aspect of the 
foramen, parallel to the sacral nerve, with electrodes “2” and “3” straddling the 
anterior margin of the sacrum (Fig.  26.3 ). With the electrodes in the optimal posi-
tion, the lead body (proximal to the sheath) is held steady while the sheath is 
backed out of the incision. Best practices indicate that many surgeons perform 
this step under live  fl uoroscopy to verify that the electrodes maintain their posi-
tion. As the sheath is removed, the tines deploy and anchor the lead in place. The 
incision used for the lead introducer is also used for tunneling the lead to the 
future neurostimulator site. This site should be below the belt line, and is usually 
located lateral to the outer edge of the sacrum and about 3–5 cm below the poste-
rior superior iliac crest. The percutaneous lead extension is then placed by making 
a small stab wound lateral or contralateral to the future neurostimulator pocket 
site where the extension will exit the skin. A tunnel is made between the two sites 
and the extension is fed through the tube. After cleaning body  fl uids from the lead 
and the percutaneous extension connector, the protective boot is slipped over the 
end of the lead. The lead and percutaneous extension are connected, the screws 

   Table 26.1    Sacral nerves motor and sensory responses to test stimulation   

 Nerve root  Motor  Sensory 

 Pelvic  fl oor  Lower extremity 

 S2  Clamp of the anal sphincter 
(anterior/posterior shortening 
of perineal structures) 

 Plantar  fl exion of the 
entire foot with 
lateral rotation 

 Contraction of the 
base of the penis 
or vagina 

 S3  Bellow’s re fl ex (lifting and 
dropping of the pelvic  fl oor; 
look for deepening and 
 fl attening of the buttock 
groove) 

 Plantar  fl exion of the 
great toe 

 Paresthesia or pulling 
sensation in the 
rectum, scrotum, 
labia, or vagina 

 S4  Bellow’s re fl ex only  None  Pulling in rectum 
only 

  Reprinted with permission of Medtronic, Inc. ©2012. Please note that the information addresses 
InterStim Therapy for interstitial cystitis, a use which the FDA has not approved. Medtronic does 
not market its products for unapproved indications and makes no representations regarding the 
safety and/or ef fi cacy for unapproved uses  
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are tightened, and the protective boot is pushed over the connection. Sutures are 
used to secure the boot at the end of the connection closest to the percutaneous 
extension. The externalized part of the percutaneous lead extension is secured 
with a transparent dressing. The percutaneous lead extension pin connector is locked 
into the twist-lock connector on the screening cable which is later connected to an 
external generator for the duration of the trial period (Fig.  26.4 ).    

   Stage 2: Chronic Implant Placement 

 The site of the lead connection to the percutaneous extension is opened, the boot is 
removed, and the extension wire is disconnected. A subcutaneous pocket is created 
bluntly or with electrocautery at a depth of 1–1.5 in (2.5–4 cm). The lead is then 
securely connected to the IPG which is then placed in the pocket (Fig.  26.5 ). Before 
closing the pocket, the system integrity should be checked using the physician’s 
programmer. Liberal irrigation throughout the procedure may help prevent infection 
(we use a gentamicin/saline solution).    

  Fig. 26.3    Illustration of the correct position of the electrodes of a chronic lead. Note how the tines 
anchor the lead to the surrounding tissue and prevent displacement. Reprinted with permission of 
Medtronic, Inc. ©2012. Please note that the information addresses InterStim Therapy for intersti-
tial cystitis, a use which the FDA has not approved. Medtronic does not market its products for 
unapproved indications and makes no representations regarding the safety and/or ef fi cacy for 
unapproved uses       
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   Clinical Results 

 The use of SNM in patients with BPS has been the subject of multiple research stud-
ies since its FDA approval for urgency and frequency. Maher et al. prospectively 
followed 15 women with refractory BPS who received S3 SNM. Seventy-three per-
cent of the participants reported improvement in pelvic pain, daytime frequency, 
nocturia, and urgency. Eighty-seven percent of the participants reported a 50% 
decrease in bladder pain. Forty-seven percent of the patients had a 50% decrease in 
24-h voiding frequency. Mean bladder pain decreased from 8.9 to 2.4 on a scale of 
0 to 10. Additionally, the quality of life parameters of social functioning, bodily 
pain, and general health signi fi cantly improved during the stimulation period  [  17  ] . 

 Whitmore et al. conducted a multicenter prospective observational study on 
women with refractory BPS ( n  = 33) who had failed other forms of treatment. 
They found that there was a statistically signi fi cant improvement in bladder pain, 
urinary frequency, and both average and maximum voided volumes, as well as the 
interstitial cystitis symptom and problem indices after the FSLP. Seventy-seven 
percent of patients had subjective improvement and 52% underwent IPG place-
ment (stage 2)  [  5  ] . 

  Fig. 26.4    Test stimulation using a chronic lead (stage 1). Reprinted with permission of Medtronic, 
Inc. ©2012. Please note that the information addresses InterStim Therapy for interstitial cystitis, a 
use which the FDA has not approved. Medtronic does not market its products for unapproved 
indications and makes no representations regarding the safety and/or ef fi cacy for unapproved 
uses       
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 Comiter, in 2003, prospectively examined the ef fi cacy of SNS on 25 patients 
with refractory BPS. Of those, 17 (68%) had a successful trial test and quali fi ed for 
chronic IPG placement. When evaluated at a mean of 14-month follow-up, their 
mean daytime frequency and nocturia improved, mean voided volume increased, 
and average pain decreased from 5.8 to 1.6 on a 0–10 point visual analog pain scale 
(VAS;  P  < 0.01). By the last postoperative visit, 94% of the implanted patients 
reported sustained improvement  [  18  ] . 

 The direct effect of SNM on pain secondary to BPS was studied by Peters and 
Konstandt. Twenty-one patients (17 females and 4 males) who had failed a mean of 
six prior treatments were examined retrospectively with a mean follow-up of 
15.4 months after having a chronic IPG. Overall, 95% of participants reported a 
moderate to marked improvement of their pain. The mean narcotic use, measured in 
intramuscular morphine dose equivalents (MDEs), signi fi cantly decreased by 36%, 
from 81.6 to 52 mg/day. Of the 18 patients who were using narcotics before SNS, 
four remained narcotic-free  [  19  ] . 

 Along with alleviating BPS symptoms, more objectively, SNS has been shown to 
alter hypothesized urinary markers for BPS. Chai et al. reported normalization of 

  Fig. 26.5    Implantation of a chronic pulse generator (stage 2). Reprinted with permission of 
Medtronic, Inc. ©2012. Please note that the information addresses InterStim Therapy for intersti-
tial cystitis, a use which the FDA has not approved. Medtronic does not market its products for 
unapproved indications and makes no representations regarding the safety and/or ef fi cacy for 
unapproved uses       
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epidermal growth factor-like growth factor (HB-EGF) and antiproliferative factor 
(APF) after S3 neurostimulation  [  20  ] . 

 The reports on long-term success of SNS in patients with BPS have been encour-
aging. Recently Powell and Kreder reported only 9% (2 out of 22) loss of ef fi cacy 
at a mean follow-up of 60 months  [  21  ] . Of 39 patients who had the screening test, 
22 underwent chronic generator implantation after documenting 50% improvement 
in the presenting complaint. Long-term success rate was 86% (19/22). Half of the 
devices had to be explanted for various reasons (e.g., depleted batteries, malfunc-
tion, infection, …) and most of those patients had reimplantation with continued 
bene fi t. Loss of ef fi cacy was responsible for only three (14%) of the explants and 
one device was replaced with return of bene fi t. Gajewski and Al-Zahrani reported 
good long-term success of the SNM in 72% of the patients at a median follow-up of 
61 months. In their study, the presence of urgency was a positive predictor of the 
long-term success of the implant  [  22  ] .  

   Complications 

 Complication rates of SNM for the speci fi c indication of BPS have not been sepa-
rately reported. A review by Leong et al. extracted the adverse events from several 
published reports on the use of SNS for other urinary indications  [  23  ] . They con-
cluded that adverse events are usually related to the implant procedure and the 
presence of the implant or of undesirable stimulation. The most common adverse 
event reported was pain at the implant site, which occurred between 3% and 42%. 
Other adverse events reported were lead migration (1–21%), bowel dysfunction 
(4–7%), and infection (4–10%) (Table  26.2 ). Another review by Brazzelli et al. 
looking at published studies before 2004 reported a reoperation rate of 33%, 
mainly secondary to pain and infection, and chronic lead removal in 9% of 
patients  [  24  ] .  

 Technical improvements throughout the years have decreased the incidence of 
adverse events signi fi cantly. Two important improvements were the introduction of 
tined leads and the gluteal placement of the IPG instead of abdominal. In the advent 
of these changes, both the incidence of adverse events and the reoperation rate per 
implanted patient have decreased. The majority of adverse events do not require 
surgical intervention. Decreased ef fi cacy due to electrode migration and undesirable 
stimulation can easily be solved by reprogramming the IPG  [  23  ] . A retrospective 
analysis among 83 implanted patients with a reduced response or complications, 
such as pain at the IPG site, showed that 18% of the cases could be helped conser-
vatively. Furthermore, the incidence of adverse events is lower with the new tined 
leads in comparison with non-tined leads (28 and 73%, respectively)  [  25  ] . A study 
among 235 patients con fi rmed that tined leads migrated less often, which occurred 
among  fi ve patients (2.1%)  [  26  ] . The available data indicate that the further devel-
opment and optimization of SNM limit the risk of adverse events  [  23  ] .  
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   Other Neuromodulation Techniques 

   Pudendal Nerve Stimulation 

 The pudendal nerve innervates the pelvic  fl oor muscles, external urethral and anal 
sphincters, and pelvic organs, and many sacral nerve sensory afferent  fi bers originate 
from it. Therefore, chronic pudendal nerve stimulation (CPNS) may be a viable alter-
native for people with BPS who fail SNS. Although no pudendal nerve-speci fi c device 
is commercially available, recent data regarding its ef fi cacy is starting to emerge. The 
technique is performed by advancing a foramen needle medial to the ischial tuberosity 
towards the ischial spine. Proper placement is veri fi ed by electromyography of the 
anal sphincter and typical motor (anal contraction) and sensory (pulsation in the vagi-
nal or scrotal area) responses. Once the pudendal nerve is identi fi ed, a quadripolar 
lead electrode is positioned and correct responses are again veri fi ed. The lead is then 
tunneled to a mid-buttock incision, where it is connected to an external generator dur-
ing the screening period and then to an implantable generator if indicated  [  27  ] . 

 In a prospective, single blinded, randomized crossover trial, by Peters, 30 patients 
with voiding dysfunction received a sacral and pudendal lead to test independently 
 [  27  ] . Pudendal stimulation was rated as superior to sacral for improving pelvic pain 
( P  = 0.024), urinary urgency ( P  = 0.005), frequency ( P  = 0.007), and bowel function 
( P  = 0.049). In a subset analysis of only those with BPS ( n  = 22), 77% of subjects also 
chose CPNS as the superior lead after 6 months of follow-up  [  28  ] . The same author 
later reported on 55 patients (of whom 26 had BPS) who received CPNS with a median 
follow-up of 24 months. Signi fi cant improvements in frequency, voided volume, 
incontinence, and urgency were found. Pain and incontinence severity did not change. 
ICPI and ICSI scores signi fi cantly improved over 12 months; however, the mean 
scores for the BPS subgroup were approaching baseline values after 1 year  [  29  ] .  

   Posterior Tibial Nerve Stimulation 

 Posterior tibial nerve stimulation technique consists of inserting a 0.22 mm needle 
about 5–6 cm above the medial tibial malleolus. The needle is connected to an 

   Table 26.2    Most common adverse events with sacral neuromodulation   

 Adverse event  Rate (%) 

 Pain at implant site  3–42 
 Lead migration  1–21 
 Infection  4–10 
 Bowel dysfunction  4–7 

  Data from Leong RK, De Wachter SG, van Kerrebroeck PE. Current information on sacral neuro-
modulation and botulinum toxin treatment for refractory idiopathic overactive bladder syndrome: 
a review. Urol Int. 2010;84(3):245–253  
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external electric generator and correct placement is veri fi ed by  fl exion of the great 
toe. The stimulation is usually applied 30 min weekly for 10 weeks. Data regarding 
its ef fi cacy for patients with BPS is con fl icting  [  30–  32  ] .  

   Caudal Epidural Sacral Nerve Stimulation 

 Zabihi et al. reported the bene fi t of bilateral caudal epidural SNM in 30 patients (21 
females, 9 males) with refractory BPS and chronic pelvic pain followed over a mean 
of 16 months. Twenty-three (77%) patients had successful trial stimulation and 
were chronically implanted. ICSI and ICPI signi fi cantly improved by 35 and 38%, 
respectively. The pain score improved by 40% ( P  = 0.04). The procedure is per-
formed by advancing the foramen needle into the epidural space through the sacral 
hiatus, under  fl uoroscopic guidance. Once correct placement is con fi rmed, the quad-
ripolar tined lead is properly positioned and deployed over the S2–S4 sacral nerve 
roots. The leads are stimulated intraoperatively to achieve sacral S2–S4 motor and 
sensory responses  [  33  ] .       
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         Introduction 

 Bladder Pain Syndrome (BPS) is a disease characterised by pain perceived in the 
bladder often leading to frequent voiding day and night. Some patients have to void 
up to 50 times per day and night. It is easily understandable that voiding this often 
has a major impact on the quality of life for the unfortunate patient suffering from 
this disease. It differs however between patients to which degree frequent voiding or 
pain, or both, are the most bothersome symptoms. 

 Diagnostic criteria for BPS have been under heated debate during the last 8 years. 
From this discussion it has become evident, that it is not today possible to de fi ne any 
useful diagnostic test for making the diagnosis of BPS. The diagnosis is therefore 
clinical, based on symptoms, cystoscopy and biopsy also being helpful, and exclu-
sion of confusable diseases by speci fi c investigations. 

 The in fl uence of BPS on quality of life has been evaluated by Koziol et al.  [  1  ]  
demonstrating a signi fi cant negative effect on the ability to travel, employment, 
leisure activities and sleep. Michael et al.  [  2  ]  found that the quality of life in females 
with “interstitial cystitis” was especially affected in the psychosocial dimensions 
like vitality and mental health. 

 To  fi nd and document effective treatments of a relatively rare disease, with no 
clear clinical de fi nition, is a dif fi cult task. Many treatments are anecdotal or based 
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on empiric data and proper prospective, randomised, controlled studies are rather 
the exception than the rule. Treatment includes behavioural treatments, diets, oral 
medications, bladder distention and bladder irrigation directed against the frequent 
voiding and/or the pain. Only when all these treatments have failed is surgery 
considered. 

 Surgery includes surgery on the nervous system and surgery on the bladder.  

   Surgery on the Nervous System 

 Old methods like sympathetic denervation  [  3  ] , parasympathetic denervation  [  4  ]  and 
cystolysis  [  5,   6  ]  are now abandoned since positive effects were found to be short-
lived while side effects persisted. 

 In recent years, neuromodulation and especially sacral neuromodulation have 
gained some interest.  

   Cystoplasty and Urinary Diversion 

 If all other treatments have failed major surgery may be necessary to relieve patients 
from their disabling symptoms. This includes bladder augmentation, urinary diver-
sion and partial or total cystectomy. 

 It is essential that a patient has been through an extensive workup and trials of 
treatment before irreversible surgery is undertaken—all reasonable conservative 
measures should be tried  fi rst. It must be remembered that major reconstructive 
surgery includes extensive and, in principle, irreversible procedures for conditions 
that otherwise imply a modest risk of death or life-threatening complications. Apart 
from the more immediate problems intra- and postoperatively, there are less obvious 
ones like metabolic consequences  [  11  ]  and the late development of cancer after 
incorporation of ileum into the urinary tract  [  7,   8  ] . Reconstructive procedures there-
fore have to be regarded as last resorts when there are no other treatments with 
reasonable ef fi cacy to be offered. 

 The decision of which type of reconstruction to choose in BPS can sometimes be 
dif fi cult. Therefore, decision-making should invariably be preceded by a thorough 
and appropriate patient counselling, to communicate possible risks with the proce-
dure and to give the patient realistic expectations on the result of operation. 
Of course, every patient considered for a complicated reconstruction must be  fi tted 
to cope with the consequences of operation, to bene fi t from treatment. Continent 
urinary diversion, or cystoplasty, requires a patient with an unspoiled cognitive abil-
ity and a good manual dexterity. In a younger patient, meeting the abovementioned 
prerequisites, a continent diversion might be preferable whereas an older patient 
probably is better served with a Bricker conduit. A fact to communicate is a high 
risk of re-operation for patients with a continent cutaneous stoma. In this context, an 
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important notion is that a recent report revealed that although some 90% of the 
patients had a well-functioning reservoir at the time of follow-up, patients with 
benign functional or in fl ammatory diseases were experiencing comparatively more 
problems with their reservoirs than patients with, e.g., spinal cord injury or malig-
nant disease  [  9  ] . 

 When selecting the appropriate procedure, a careful preoperative assessment of 
renal and bowel function is important. The amount of bowel surface to be allowed 
to be incorporated into the urinary tract must be decided  [  10  ] . In contrast to the 
urothelium, the bowel mucosa has a signi fi cant permeability to ammonium chlo-
ride, the resorption of which may bring about hyperchloremic metabolic acidosis. 
A patient with compromised kidney function can have dif fi culties in compensating 
for this uptake and as a consequence, continent urinary diversion can only be rec-
ommended to patients with a glomerular  fi ltration rate in excess of 40 ml/min/1.73m 2  
body surface. Furthermore, the isolation of an ileal segment may compromise bile 
acid reabsorption which in turn may result in diarrhoea and even, particularly in 
patients with preoperatively compromised anal sphincter function, anal inconti-
nence  [  11  ] . Uptake of folic acid/cobolamin may likewise be compromised.  

   Bladder Augmentation 

 In a smaller proportion of patients the in fl ammatory process within the bladder wall 
results in severe  fi brosis and a contracted bladder with sometimes a very small 
capacity even in general anaesthesia. These patients do often have a most severe 
frequency, while bladder pain becomes less important. These are the patients best 
suited for bladder augmentation with or without resection of the patients’ own blad-
der  [  12,   13  ] . The use of different bowel segments for bladder augmentation has been 
reported in numerous articles, including ileum  [  12,   14–  21  ] , ileocoecum  [  12,   22–  26  ] , 
coecum  [  14,   26  ] , right colon  [  12,   15,   27  ] , sigmoid colon  [  16,   24,   28  ]  and gastric 
segments  [  29,   30  ] . In the chapter on BPS from the 4th International Consultation on 
Incontinence it was concluded:  There is no signi fi cant difference between bowel 
segments with regard to outcome except for gastric tissue substitution which is asso-
ciated with dysuria and persistent pain due to production of acids   [  31  ] . 

 Cystoplasty might be performed supratrigonally (trigone sparing) or infratrigo-
nally. Good results were reported for the supratrigonal approach  [  14,   16,   24,   32,   33  ] , 
although the report from Nielsen et al. in 1990 was less favourable with two failures 
in eight patients  [  23  ] . Van Ophoven reported 5 years results of orthotopic substitu-
tion enteroplasty in 18 patients with only two failures. Three patients needed self-
catheterisation and one a suprapubic catheter  [  34  ] . In 1998 Peeker et al.  [  13  ]  reported 
excellent results in patients with end-stage ulcerative or classic BPS (ESSIC 3C) but 
not so in patients with non-ulcer disease (ESSIC 2X). A follow-up on an extended 
series was published in 2007 further emphasising this conclusion  [  35  ] . 

 More favourable results have been reported in patients with small cystoscopic 
bladder capacity (<200 ml)  [  23,   36–  39  ] . Cystoscopic low bladder capacity might be 
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due to  fi brosis as an end-stage result of long-lasting in fl ammation. However, 
cystoscopic low bladder capacity might also be due to existing in fl ammation with 
oedema and thickening of the bladder wall and as a consequence be reversible. 
Sairanen et al. described the long-term effect of cyclosporine treatment in BPS 
patients  [  40  ] , and in many of these patients functional bladder capacity after treat-
ment by far exceeded cystoscopic bladder capacity before treatment. Three patients 
with  cystoscopic bladder capacity of 200 ml , and an average functional bladder 
capacity of 70 ml, had a  functional capacity of 290, 220 and 350 ml  after treatment. 
Two patients with a maximal cystoscopic capacity of 300 ml and a functional capac-
ity of 92 and 100 ml increased the functional capacity to 490 and 350 ml. In all 
patients a substantial increase in bladder capacity was registered. This phenomenon 
has also been noted in a subgroup of patients with classic Hunner disease treated 
with long-term suprapubic TENS  [  41  ] . Cystoscopic bladder capacity therefore can-
not be taken as the only and ultimate sign of end-stage disease. Obviously, treat-
ments with a capability to subside the disease process can also in fl uence anaesthetic 
bladder capacity. It still remains to be shown if biopsy  fi ndings of characteristics 
and grade of in fl ammation and/or grade of  fi brosis in the detrusor might increase the 
prognostic signi fi cance of a low cystoscopic capacity.  

   Example of Technique: Supratrigonal Cystectomy and 
Ileocystoplasty 

 Access to the abdominal cavity is obtained via a midline laparotomy incision. After 
cystotomy, the ureters are intubated with two baby-feeding catheters anchored to 
the ureteral ridge with 4-0 Catgut sutures. Subtotal resection of the bladder is per-
formed, leaving only the internal urethral meatus and both ureteral ori fi ces 
(Fig.  27.1 ). A 40 cm segment of the ileum is isolated, taking care to preserve the 
vascular supply, and with the distal transection margin located 30–40 cm proximal 
to the ileocaecal valve. The segment is detubularised antimesenterically (Fig.  27.2 ), 
double-folded to a spherical shape (Figs.  27.3  and  27.4 ) and anastomosed to the 
trigone remnant using an uninterrupted resorbable 3-0 suture. Postoperatively, an 
external drain tube should be left in situ for 1–3 days, depending on the amount of 
discharge. The baby-feeding tubes are extracted after 1 week. An indwelling evac-
uation catheter should be left open, inside the cystoplasty, for at least 10 days, after 
which clamping of the catheter may begin with the emptying intervals initially 
being 1 hour, gradually increasing. The catheter is usually removed after 
2–3 weeks.     

 Bladder augmentation with infratrigonal bladder resection sparing the bladder 
neck is reported less frequently  [  42–  45  ] . Ureteral re-implantation is needed and com-
plications like urine leakage, urethral stricture and re fl ux might occur  [  44  ] . Linn 
et al. compared supratrigonal and infratrigonal bladder resection in patients with 
BPS and found 3 failures in 17 patients with infratrigonal resection and half of the 
patients with good outcome required self-catheterisation  [  33  ] . The need for intermit-
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tent catheterisation is in many cases not an acceptable outcome due to the hypersen-
sitivity of the bladder base and urethra making the procedure much too painful. 

 In the chapter on BPS from the 4th International Consultation on Incontinence it 
was concluded:  There is some weak evidence that cystoplasty with supratrigonal 
resection may bene fi t some selected patients with end stage ESSIC type 3C BPS.  

  Fig. 27.1    Supratrigonal portion of the bladder resected, leaving just the trigone       

  Fig. 27.2    Ileum segment isolated and opened antimesenterically       
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  There is no compelling evidence that infratrigonal cystectomy with cystoplasty 
has any outcome advantage over supratrigonal cystectomy but it tends to be associ-
ated with more complications and poorer functional bladder rehabilitation   [  31  ] .  

  Fig. 27.3    U-shape folding of the opened ileum       

  Fig. 27.4    Once again folding the ileum plate creates the cystoplasty, with a triangular opening 
adjusted to the size of the trigone       
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   Urinary Diversion 

 In a questionnaire to urologists in the USA Gershbaum and Moldwin  [  46  ]  found 
urinary diversion to be the most common surgical treatment for BPS. It is therefore 
a little surprising that the literature on the subject is extremely sparse. It is often just 
mentioned in the text that this is the ultimate treatment to relieve patients from their 
symptoms and diversion with or without cystectomy is often successful  [  15,   36,   37, 
  47,   48  ] . It has been a subject of discussion whether urinary diversion should be 
accompanied by simultaneous cystectomy, or if cystectomy should be reserved for 
those patients having persistent pain or intolerable infectious problems from their 
bladder. 

 We have recently scrutinised our own experiences and from the essential aspects 
there is agreement. Nordling reviewed the Copenhagen experiences from the last 
10 years. Of 16 patients with BPS 15 became pain free and 1 had persistent 
unchanged pain. All patients had detrusor mastocytosis  [  49  ] . One had a Hunner 
lesion. Cystoscopic bladder capacity was median 490 ml with a range from 100 ml 
to 4,000 ml. The patient with persistent pain later had a cystectomy without any 
effect on the pain. One patient had a cystectomy because of pyocystos with good 
result. 

 Rössberger  [  35  ]  reviewed the Gothenburg results. During a 25-year period 47 
subjects were treated with major surgery. In 28 out of 34 patients with Type 3C BPS 
the initial surgical procedure did result in complete symptom resolution. Of the 
remaining six patients, four could successfully be managed by a supplementary 
surgery: diversion, cystectomy or transurethral resection of lesions in the trigonal 
remnant, respectively. Only 3 of the 13 patients with non-ulcer disease experienced 
symptom resolution after reconstructive surgery and two out of these required 
supravesical diversion. Eight patients had a supplementary secondary simplex cys-
tectomy in an attempt to treat persistent suprapubic pain, without relief of pain. 
Early intra- and post-operative complications were few. However, the need for re-
operations in patients with non-ulcer BPS having undergone continent urinary 
diversion was high, mainly related to nipple valve problems. In this series, a very 
marked difference in outcome was found in patients with end-stage classic Hunner 
type of disease vs. non-ulcer BPS. 

 Continent urinary diversion using an intestinal reservoir has become the treatment 
of choice in patients having a cystectomy due to bladder cancer. This has therefore 
been suggested for patients with BPS due to the better quality of life with an internal 
urinary reservoir. Experience has however shown unexpected complications such as 
reoccurrence of pain in the intestinal reservoir. Again the literature on the subject is 
sparse, although chronic in fl ammatory changes have been seen in the cystoplasty 
pouch  [  50,   51  ] . The persistent pain after major irreversible surgery is an enigma and 
often causes patients to defer surgery for many years. In this discussion it must how-
ever be remembered that two major symptoms cause the poor quality of life seen in 
these patients: PAIN and FREQUENCY. At least it can be promised that frequency is 
alleviated by a urinary diversion making daily life much easier and making it possible 
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to have a full night’s sleep. These results also seem to demonstrate a very good chance 
of pain relief. 

 In the chapter on BPS from the 4th International Consultation on Incontinence it 
was concluded:  Urinary diversion with or without cystectomy may be the ultimate 
option for refractory patients. Continent diversion may have better cosmetic and life 
style outcome but recurrence of pain in the pouch is a real possibility   [  31  ] .  

   Conclusion 

 Urinary bladder augmentation should be reserved for the end-stage BPS patient 
with a contracted bladder and with urinary frequency as the main problem, when 
pain is not any more a signi fi cant symptom. Urinary diversion is to be reserved for 
the patient, whose quality of life is more or less destroyed because of pain and uri-
nary frequency and who has demonstrated an unsatisfactory response to less inva-
sive treatments. Continent urinary diversion might be an alternative but risks of pain 
in the pouch and nipple valve problems are real limitations.      
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  Bladder Pain Syndrome (BPS) has a deep impact on the life of both the patient and 
the patient’s family. Understanding the patient perspective and the physical, psy-
cho-emotional and social impact of BPS on the patient is an important step towards 
successful treatment by the health professional.  

 Despite the fact that today’s health consumer in the developed world has a much 
greater knowledge of medical issues than ever before due to better health education 
and use of the Internet, genitourinary disorders are still stigmatised and considered 
taboo throughout both the developed and developing world. A bladder disorder is an 
intimate matter which patients feel embarrassed and uncomfortable to discuss, while 
their friends and relatives certainly do not want to hear about it. Consequently, many 
patients in different countries and cultures around the world are reluctant to seek pro-
fessional help for their bladder disorder, let alone any related sexual dysfunction. 

 While increased awareness of this bladder syndrome in recent decades has led to 
quicker referral and diagnosis in some parts of the world, a patient with BPS symp-
toms may nevertheless still spend years without the right diagnosis. The  fi rst hurdle 
is the primary care health provider who may assume that the patient has an infec-
tion, even when urine tests appear to be negative. Furthermore, with nothing visible 
in the urine, many patients have either been told that there is nothing physically 
wrong and that it is all in the mind or have been referred to the wrong specialist and 
undergone unnecessary surgery including hysterectomy and even appendectomy. 
Since the primary care level is still the big stumbling block for BPS patients, it is 
vital to increase awareness of BPS at this level to ensure recognition of the symp-
toms at an early stage and referral to the right specialist. But this is not the end of 
the story, since although many more urologists and urogynaecologists than previ-
ously can today diagnose BPS, they are not always willing to take on these time-
consuming patients who often require a complex, multidisciplinary approach. 

    J.  M.   Meijlink ,  BA Hons   (*)
     International Painful Bladder Foundation (IPBF) ,
  Burgemeester Le Fevre De Montignylaan 73 ,  3055 NA   Rotterdam ,  The Netherlands    
e-mail:  jane-m@dds.nl   
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   Diagnosis a Relief 

 It can come as an immense relief to patients who may have been suffering from their 
bladder for years to be given the diagnosis of a disease with a name. On the other 
hand, however, patients who may have suddenly developed a severe form of BPS, 
and received a relatively quick diagnosis, may be shocked to learn that they have an 
incurable disorder. The prospect of suffering from these symptoms for the rest of 
their life is terrifying. They may be angry that this has happened to them and look 
round for someone or something to blame, or they may become panic-stricken and 
depressed. Living with a debilitating, painful disease of unknown cause, for which 
there is no cure, no single effective treatment for all patients and, worst of all, which 
the doctors themselves do not seem to understand or even agree on, is indeed an 
alarming prospect. However, if a patient has chronic bladder symptoms with no 
diagnosis and doctors have been suggesting that it is psychosomatic, the patient’s 
family and friends are likely to think that the doctor knows best and to take the same 
approach. After all, the patient looks perfectly well. However, this can lead to dev-
astating depression, loss of con fi dence, self-doubt and even suicide.  

   Importance of Of fi cial Recognition by Authorities 

 There are other reasons in today’s world of of fi cialdom why a diagnosis is important. 
Without a doctor’s diagnosis of an of fi cially recognised condition with a registered 
name, it may be impossible to obtain any kind of social security bene fi t, disability 
pension, reimbursement of medical costs or recognition of the illness by an employer 
or an authority. This importance of an of fi cially recognised condition is one of the 
many reasons why the interstitial cystitis patient organisations have been so concerned 
at the many different names in circulation (painful bladder syndrome, BPS, etc.), since 
the name now registered everywhere with authorities is “interstitial cystitis” or trans-
lations of this in other languages. If the diagnosed name does not match the name 
registered with authorities, the patient runs the risk of receiving no reimbursement or 
social bene fi t and being faced with accusations of malingering by an employer.  

   Treatment 

 The ultimate aim of treatment is to alleviate the symptoms and improve the patient’s 
quality of life. Not all patients experience the key symptoms of pain, urgency and 
frequency in equal degrees. There are as many variations as there are patients. While 
some patients suffer severe pain, others may say that they have no perception of pain 
as such, but have extreme problems with urgency and/or frequency with perhaps a 
persistent feeling of pressure, heaviness or discomfort. Treatment should be focused 
on whatever causes the patient the most bother and detriment to quality of life. 
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 Treatment of BPS requires a great deal of time and patience on the part of the 
doctor in collaboration with the patient who will be required to play an active role, 
particularly in the  fi eld of behavioural and dietary modi fi cation. Since patients dif-
fer greatly, treatment has to be individualised and, until patients have been categor-
ised into phenotypes or treatment sub-types, it may still largely be a question of trial 
and error, particularly if it is the non-Hunner’s lesion type. 

 A BPS patient may need to use a combination of drugs, all of which may have 
side effects, and many BPS patients seem to have a bigger problem with drug intol-
erance than normal people. If the pain is severe and intractable, referral to a pain 
clinic is an option. However, care should be taken to  fi nd a pain consultant who has 
good knowledge of BPS and is willing to work in collaboration with the urologist; 
otherwise the patient may once again end up being diagnosed as psychosomatic. 

 If patients feel that their regular medication is having little or no effect, or the 
side effects are intolerable, they are more likely to resort to self-medication in the 
form of herbal or homeopathic remedies or any of the wide array of alternative 
therapies on offer. There is nothing worse than feeling that you have no control over 
your symptoms and consequently no control over your life. Desperate BPS patients 
are therefore wide open to suggestion and will try anything and this makes them 
potential victims of Internet advertising for the so-called cures for IC. If the doctor 
does not provide an of fi ce “climate” in which the patient feels able to openly discuss 
complementary and alternative treatment, the patient will simply go ahead without 
mentioning it. This can lead to potentially dangerous situations if certain herbal 
treatments are combined with conventional medicine. An ideal method is to create 
a treatment plan for each patient that can include complementary and alternative 
therapies in an open, safe way and in which the patient can play an active rather than 
a purely passive role. These could include for example trigger-point therapy, hypno-
therapy, myofascial pain therapy, pelvic  fl oor re-education, acupuncture and herbal 
supplements. Relaxation techniques can help reduce physical or psychological 
stress and include yoga, Tai chi, guided imagery and meditation. There are many 
complementary and alternative therapies that may help to alleviate symptoms, relax 
the patient and help to achieve a better quality of life. Any therapy that can help the 
patient to relax and de-stress is likely to improve his/her quality of life.  

   Impact on the Life of the Patient 

 BPS can have a deep impact on the social, psychological, occupational, domestic, 
physical and sexual life of the patient and affect the very structure of his/her life. 

 The frequent and often urgent need to urinate can form an obstacle to work, travel, 
visiting friends or even just popping out to the shop round the corner. When outside the 
safety of their own home, IC patients’ life is dominated by the question: “Where am I 
going to  fi nd the next toilet?” Before every outing, the patient will carefully plan a 
network of toilets. This kind of situation can make patients afraid to leave the safety of 
their home. There are many patients who almost never go out and are literally prisoners 
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of their BPS. If they think that there will be no toilet, they stay at home. In addition, the 
sheer embarrassment and shame they feel at having to urinate so frequently make many 
patients avoid associating with their friends and colleagues. So the disabling social 
consequences of BPS should not be underestimated either, since they may lead to isola-
tion from friends, relatives, former activities, employment and life in general.  

   Impact on Work 

 The frequent and/or urgent need to urinate may make it dif fi cult for some patients 
to continue working or they may be forced to change to a different type of job where 
they do have the possibility of frequent access to toilets. Work in some jobs becomes 
impossible when you have to keep running to the toilet, whether you are a bus 
driver, a teacher or a ballet dancer. If you work in an of fi ce or shop and keep going 
to the toilet, you risk getting  fi red because the boss thinks you are slacking. Fatigue 
due to lack of proper sleep or other causes can also be a hazard in some professions 
involving driving or operating machinery. A positive aspect is that today’s comput-
erised world means that there are many more opportunities of working from home 
than in the past, even setting up your own home-based business. There is nothing to 
stop BPS patients from becoming entrepreneurs!  

   Financial Impact 

 The impact of BPS on their work and career may cause patients considerable 
 fi nancial loss. They either cannot work or they lose their job and then have to  fi ght 
tooth and nail for disability bene fi t because in some countries BPS is not registered 
as an of fi cial disease. In countries where many patients have no access to social 
security bene fi ts, being unable to work may mean total dependence on relatives or 
even starvation. Many patients around the world have no medical insurance and no 
money to pay for treatment. And even in Western Europe, many of the treatments 
for BPS are not reimbursed. A chronic disease like BPS may therefore be a major 
long-term  fi nancial headache for patients and their families. It is consequently 
essential to ensure that doctors worldwide are made aware of affordable, low-price, 
generic drugs for BPS, including cheap anaesthetic cocktails to provide quick relief 
from intense pain.  

   Impact on the Whole Family 

 BPS has an impact on the entire family from many points of view. It affects relation-
ships with partners and children because you cannot act like a normal parent or a 
normal partner. A BPS patient may be tired, irritable and unable to cope, to look 
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after the family and to do normal everyday things with the partner and children. The 
 fi nancial impact may also affect the whole family by leading to a reduction in the 
family’s standard of living. Members of the family may become resentful at this 
impact on their lives.  

   Sexual Impact 

 BPS can have a big impact on intimate relationships since sexual intercourse may 
be painful for both male and female BPS patients, either because the urethra, blad-
der and vagina are too painful or in the case of men because of the pain of ejacula-
tion. This aspect of the impact of BPS on the patient’s life should never be 
underestimated. Sex is a normal part of the lives of most human beings. If this form 
of intimacy is taken away, relationships may start to show cracks about which the 
patient may be deeply concerned or it may lead to divorce. Since some patients may 
 fi nd it dif fi cult or impossible to broach this intimate subject with their doctor, it is 
an aspect that the doctor should raise and if necessary offer the patient the possibil-
ity of sex counselling. Every endeavour should be made to  fi nd ways of overcoming 
sexual dysfunction and the distress it causes and there are indeed many possible 
solutions. The important  fi rst step is “communicating” that a problem exists. If the 
health provider can speak to the patient clearly and directly about these sexual 
issues, this will create a climate that may help the patient to open up.  

   Psychological and Emotional Impact 

 Suffering from a chronic disorder for which there is no known cure is in itself likely 
to lead to depression, anxiety and panic attacks. Patients are continually anxious 
about the future: will the bladder symptoms get worse, will they be able to cope, will 
surgery be necessary and will their partner support them or abandon them? They may 
be disillusioned with the medical professionals who failed to diagnose their bladder 
disorder for years and who now appear to be unable to provide adequate treatment 
and have little or no time for them. Consequently they may feel isolated and aban-
doned and feel rightly or wrongly that nobody cares what happens to them. There 
may also be a sense of anger that this has happened to them and they may keep wish-
ing that they could turn the clock back to their life without BPS, looking backwards 
rather than trying to cope with the situation and looking forwards.  

   Physical and Psychological Impact of Lack of Sleep and Fatigue 

 The physical and psychological impact of lack of sleep due to night-time frequency 
and the impact of daytime fatigue from other causes should also be taken into 
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account and every endeavour made to  fi nd solutions. This means enrolling the help 
of the patient to make a careful analysis of all the possible causes of the tiredness. 
Causes of fatigue and lethargy may include sleep disruption and consequent lack of 
proper deep sleep, insomnia, medication, various physical disorders, psychological 
disorders, autoimmune diseases and even excessive activity or over-exercising. 
Fatigue in an individual patient may be caused by a combination of several of these 
factors. 

 Without proper sleep, people deteriorate both physically and psychologically. 
Even night-time frequency of just two or three times a night can cause considerable 
tiredness because some people have dif fi culty falling asleep again, once they have 
been out of bed to the bathroom. BPS patients in a  fl are or the most severe BPS 
patients may be out of bed continually throughout the night. This means that they 
get no chance to achieve the deep sleep that refreshes the mind and body. This leads 
to daytime fatigue and lack of energy, irritability, lack of motivation and concentra-
tion, memory lapses and depression. However, if a patient is very tired all day but is 
getting a reasonable amount of sleep, it is essential to check out other causes for the 
fatigue such as anaemia, hypothyroidism, heart failure, low blood pressure, infec-
tious diseases including glandular fever or simply the impact of chronic pain. All 
kinds of medication can also cause daytime drowsiness and lethargy. 

 Chronic fatigue of autoimmune origin (e.g. Systemic Lupus Erythematosus and 
particularly Sjögren’s syndrome) can be very debilitating and also occurs in 
 fi bromyalgia. When no identi fi able cause of this kind of fatigue can be found, it is 
called chronic fatigue syndrome. This type of chronic fatigue, which may have both 
physical and mental effects, has no bearing on whether you feel you have slept well 
or not. 

 Quite apart from the problems in leading a normal home life, fatigue or daytime 
drowsiness can make it dif fi cult or impossible for the patient to work, while driving 
a vehicle or using machinery can be dangerous in such a situation. 

 Patients with chronic fatigue need to learn to pace themselves, not feel guilty 
about taking rests or siestas, and ensure that they take as much exercise as they can 
physically cope with.  

   BPS and Comorbidities 

 One of the great problems and indeed mysteries of this bladder disorder is that it 
may be accompanied by one or multiple other disorders and/or pain syndromes 
which, when combined with the BPS, can lead to an extremely debilitating situa-
tion. These may include allergies or intolerances, gastrointestinal disorders (e.g. 
irritable bowel syndrome or in fl ammatory bowel disease), depression, migraine, 
vulvodynia, chronic non-bacterial prostatitis, thyroid disorders, systemic lupus ery-
thematosus, Sjögren’s syndrome or  fi bromyalgia. This makes an interactive, multi-
disciplinary treatment approach between the different care providers absolutely 
essential.  
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   Coping and Self-Help 

 While having BPS is likely to involve at least some change in lifestyle, such changes 
may be minimal if the bladder disorder is mild, but when severe it may have a major 
impact on all aspects of life. BPS can therefore make patients feel that they have lost 
control over their life. The aim should be to help them to regain some feeling of being 
in control again, to adjust their lifestyle where necessary and to try to look at what they 
 can  do rather than what they  cannot  do, developing new interests to replace activities 
they are no longer able to undertake and developing coping strategies. While support 
from a partner and family can play a vital role here, support, understanding and 
encouragement on the part of the care provider can also make all the difference. 

   Diet Modi fi cation 

 Diet modi fi cation is a form of self-help that can help some patients with milder BPS 
to such an extent that they may not even need medication. Many patients will know 
from their own experience that certain foods and beverages appear to exacerbate 
their bladder symptoms and that avoidance of these items can help to reduce the 
symptoms. It should be emphasised that this is very individual and that what irri-
tates one bladder does not necessarily irritate another. The long lists of foods and 
beverages to avoid that are found on some Web sites may be very alarming to 
patients, leading to some becoming paranoid about their diet and even anorexic. 

 The article on the “Effects of Comestibles on Symptoms of Interstitial Cystitis” 
by Shorter and colleagues in 2007 concluded that there is indeed a large number of 
BPS patients whose symptoms appear to be exacerbated by consumption of speci fi c 
items. Their study identi fi ed the most bothersome foods as being items containing 
caffeine, citrus fruits and juices, tomatoes and tomato products, items containing 
vinegar, spicy food, alcohol and certain arti fi cial sweeteners. Coffee was found to be 
the most bothersome with the authors suggesting, however, that the effect of caf-
feine may be related to its diuretic effect. 

 It is not only food and drink that can exacerbate the bladder but also various 
medications and food supplements, especially vitamin C.  

   Fluid Intake 

 When outside the home or when planning to go anywhere, BPS patients tend to 
restrict their  fl uid intake—or not drink at all—to reduce the need for toilets. However, 
this can lead to urine concentration and actually exacerbate the symptoms. To avoid 
dehydration, patients who cut down their  fl uid intake prior to going out should make 
up for this by drinking plenty when at home or within easy reach of toilets.  
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   Avoid Constipation 

 Constipation can exacerbate BPS symptoms by causing pressure in the pelvic  fl oor 
and on the bladder. In addition to drinking enough  fl uid and taking adequate exer-
cise, the patient’s diet should include suf fi cient  fi bre. However, high  fi bre will not 
be the ideal solution for BPS patients with concomitant irritable bowel syndrome 
since it will lead to bloating and abdominal cramp. Unfortunately, some of the drugs 
used to treat BPS can also be a cause of constipation (including many analgesics 
and antidepressants).  

   Hygiene and Clothing 

 BPS patients have easily irritated skin, especially in the urogenital area. They should 
preferably wash their clothes in washing agents and fabric softeners specially 
designed for sensitive skin that do not contain perfume or harsh chemicals. They 
should likewise avoid using perfumed products near the urogenital area and avoid 
feminine hygiene sprays. Women should do everything possible to avoid a bladder 
infection, including wiping from front to back following bowel movements, regu-
larly changing tampons or sanitary pads and being scrupulously hygienic in sexual 
activity. BPS patients often feel more comfortable in looser clothing and should 
wear cotton rather than synthetic underwear.  

   Stress Avoidance 

 As every patient soon discovers, physical and emotional stress situations can cause 
 fl ares and exacerbate symptoms. Patients consequently need to learn to pace them-
selves, plan activities and try to avoid physically exhausting or very stressful situa-
tions. This is of course easier said than done, particularly for mothers trying to run 
a family and those coping with a stressful job.  

   Patient Support Groups 

 Patient support groups play an important role in providing information and moral 
support. Patient-to-patient counselling is invaluable since only another patient truly 
understands what BPS is actually like and its impact on daily life. Any patient sup-
port group will tell you that patients will often tell patient telephone counsellors or 
patient chat forums all the very intimate and personal medical and sexual details 
that they feel they cannot raise with their doctor. However, in some cases trained 
counsellors are essential, for example in the case of suicidal patients.  
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   Patient Education 

 Patient education can give patients a better knowledge and understanding of 
their symptoms, and therefore also of their treatment. They can learn more about 
BPS and associated disorders through hospital or clinic (online) patient infor-
mation in their own language, reliable Web sites and patient support groups, 
while today many patients as well as patient advocates also consult scienti fi c 
literature in order to stay abreast of medical developments and the latest 
insights.   

   Care Provider’s Role 

 BPS patients need a great deal of support and empathy from their care provider. 
Many patients will often have worked their way through an entire series of doc-
tors before reaching you. The doctor’s role in emotional support for BPS patients 
is of great importance and should not be underestimated. When faced with a 
doctor who has neither time nor sympathy for them, the patient is likely to 
become depressed and desperate, even suicidal. The care provider’s approach is 
going to play a crucial role in the patient’s coping mechanism. If the patient 
goes home feeling that the doctor does not listen, does not understand or seems 
unsympathetic, that patient will be acutely depressed and will most likely go 
elsewhere. This is disastrous not only for the patient but also for the healthcare 
system. 

 The key message is that every BPS patient is different, requires an individual 
approach with customised treatment and needs time and an appreciation by the care 
provider of the impact on the patient’s life, all packaged with a good dose of sym-
pathy and understanding. It can make all the difference.      
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    Introduction 

 Bladder Pain Syndrome (BPS) previously called Interstitial Cystitis (IC)  [  1  ] ,  
remains dif fi cult to diagnose. It is often mistaken for bacterial cystitis and a broad 
range of unclassi fi ed disorders which are often believed to be psychogenic in 
nature  [  2  ] . Its symptoms are diverse and heterogeneous: they basically include 
chronic pelvic pain and a burning sensation originating from the bladder which 
then extends to the entire pelvic  fl oor, with the involvement of other organs and 
functions; a frequent micturition urge can become seriously disabling, to the detri-
ment of the patient’s quality of life. Over a decade ago, a study conducted in the 
United States showed that the disease-induced distress could be more disabling 
than several forms of nephropathy with its associated time-consuming dialysis. 
Given its low prevalence (less than 5:10,000 inhabitants in the EC), Interstitial 
Cystitis/BPS was classi fi ed by the Italian Ministry of Health, through Ministerial 
Decree Nr. 279/2001, as a Rare Disease. Such classi fi cation implies a free access 
for patients to the diagnosis, monitoring, treatment, and prevention of BPS; the 
disease-related disability has been recognized and such condition has been included 
into the National Registry of Rare Diseases. 
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 Although a de fi nition of Rare Disease is often based on inconsistent, not always 
shared epidemiology criteria, such a classi fi cation is aimed at depicting a social 
phenomenon rather than evoking some nosological reference or clinical–medical 
notions  [  3  ] . Exploratory studies of rare diseases and of the emerging needs of 
patients are virtually nonexistent: this lack of data creates even more confusion in 
the identi fi cation of the most typical elements emerging from such a general 
“container.” 

 This is the reason why we decided to carry out a fact- fi nding survey. We attempted 
to explore BPS not only from a medical standpoint but also especially in terms of 
social costs and care needs of patients with BPS and their families. The same aspects 
were examined and compared for 11 low-prevalence disorders, in order to identify 
any differences or similarities. 

 Using the “rare disease” classi fi cation as a social categorization identifying a 
typical series of social issues can turn into a readily available, speci fi c reference 
allowing any welfare measure to suggest and develop a decisive paradigm shift in 
the  fi eld of rare diseases. Rare diseases should not be simply seen as a highly 
diverse set of pathologies but as a series of recurrent social problems and issues. 
In line with this new approach, we performed a societal study. We did not simply 
focus on the individual patients or their disease, but rather on their family 
setting. 

 The idea to conduct our survey was promoted by several entities which have 
been dealing with rare diseases, their problem aspects, and possible interventions: 
the Institute for Social Affairs was the scienti fi c entity which interpreted this fact-
 fi nding and exploratory survey along with “UNIAMO” Federazione Italiana Malattie 
Rare (Italian Federation of Rare Disease); the latter did involve a number of feder-
ated patients’ groups: Associazione Italiana Cistite Interstiziale (Italian Association 
for Interstitial Cystitis) provided data and took part in the design phase; Orphanet 
Italia (European Portal of Rare Diseases and Orphan Drugs), and Farmindustria 
(Association of pharmaceutical companies—member of Con fi ndustria). A collab-
orative effort with the above organizations and groups allowed the Institute for 
Social Affairs to focus on a number of development areas, as seen directly through 
the eyes of patients, their families, clinicians, and pharmaceutical investigators. 
This study exempli fi es how research can be directly geared toward a very real social 
demand, acting as a practical tool to promote future lines of development. 

 We evaluated direct costs (any expense directly related with the disease manage-
ment) as well as indirect costs (such as poorer occupational activities for patients 
and/or their families) and intangible costs (the emotional experience and quality of 
affect). Such costs have an impact on the resources and criticalities identi fi ed in the 
system of care and, more broadly, on the social context. 

 Aim of this survey was to investigate the needs while analyzing social costs, in 
order to identify and propose health programs covering these aspects as well, other 
than protecting the life of individuals affected from BPS.  
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   Methodology 

 With this survey we investigated the social costs and healthcare needs of patients 
affected from a “rare disease,” considering this group as a social category. Given 
this approach, we decided to explore several social dimensions in order to depict a 
complete picture of families and their social life. 

 In Europe, descriptive studies of the social conditions and quality of life of 
patients with a rare disease are virtually nonexistent: the lack of exhaustive data on 
this patient population affected from a rare disease and their families prevented the 
identi fi cation and analysis of a representative sample. In an effort to  fi ll this infor-
mation gap, we selected ten Rare Disease Associations (including AICI—Italian 
Association for Interstitial Cystitis) by means of a set of criteria identifying a num-
ber of fundamental features like clinical characteristics of a given pathology, pres-
ence and types of complications, early or late diagnosis, availability or lack of 
treatment options, characteristics of treatment and rehabilitation pathways, etc. 

 This is the  fi rst survey of this kind in Italy, and one of the  fi rst in Europe. Its aim 
was to explore the social costs and care needs of patients with a rare disease and 
their family members, adding up new  fi ndings to any previously performed research 
studies. 

 Our survey was conducted between May 2009 and April 2010. Different areas 
have been taken into account:

   Socio-demographics: Who  fi lled out the questionnaire (patient or family mem-• 
ber), gender, age, geographic area, education, family members, household 
income.  
  Medical aspects (evaluation of clinical characteristics and interventions to man-• 
age the disease): Diagnosis, time spent before receiving a diagnosis, symptoms, 
rate of misdiagnosis, hospitalization rate, surgical procedures, availability and 
type of drug treatment, co-morbidities, perception of the disease severity.  
  Medical care and social–healthcare services: Specializing clinics, local point of • 
contact for the disease management, referrals to specialists to better understand 
and manage the disease, degree of satisfaction with how the diagnosis is com-
municated, satisfaction with healthcare services provided by clinics and local 
points of contact.  
  Economic dimension (analysis of direct and indirect costs related with the dis-• 
ease): Costs incurred to make a diagnosis, cost of medication and care of patients, 
impact of the disease management on the work life of patients and their families, 
costs of medical examinations and travel expenses to reach the clinics/clinical 
centers, exemption from payment of a “ticket” (in Italy, healthcare services are 
paid on the basis of speci fi c agreements and rates, with most patients having to 
pay at least a share of the overall cost), households’  fi nancial and economic needs 
related with the disease.  
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  Psychosocial dimension (how the disease burden impacts on the lifestyle and • 
ability to plan one’s own future): Emotions experienced before receiving a diag-
nosis, disease impact on family relations, need for the family to receive a form of 
psychological, social, and care support.    

 This survey was designed and realized by a collaborative group consisting of the 
Institute for Social Affairs, Uniamo Fimr (Italian Federation for Rare Diseases), 
Orphanet Italia, and Farmindustria. The Institute for Social Affairs performed the 
data collection and statistical analysis. 

 In this paper, we only address data about the Italian Association for Interstitial 
Cystitis (AICI). 

 Data were collected by means of two questionnaires: one for patients and their 
family members, and a second one for AICI. Questionnaires were completed by 
patients or their siblings either in their paper-based version or online through a dedi-
cated platform. 

 The following descriptive statistics were computed and processed with the help 
of SPSS software, Version17.  

   Results 

   Socio-Demographics 

 Overall, AICI collected 65 questionnaires (16.25% of the overall sample). These 
latter were  fi lled out by patients with BPS or by their siblings (59 patients and 6 
siblings). 

 The descriptive analysis shows that most respondents are females (87.7%) while 
just a minority (12.3%) is males (Fig.  29.1 ). As to the geographic distribution of 
regions where respondents live, 34.4% of patients live in Northern Italy, 45.3% live 
in central Italy, and 20.3% live in Southern Italy (Fig.  29.2 ).   

 Our analysis shows that highly educated patients account for 15%; 51.7% have a 
medium level of academic education and 33.3% a low level of education.  

   Medical Aspects 

 In this sample, BPS patients seem to perceive their disease as a severe condition: 
over 64.5% of respondents perceive their health conditions as poor/very poor 
(Fig.  29.3 ).  

 Over 72% of subjects present with some co-morbidities (Fig.  29.4 )  [  4,   5  ] . Thirty 
percent of patients have been admitted to a hospital (29.4% were hospitalized for 
2 weeks to 1 month, 29.5% for more than 1 month); 55.9% of subjects underwent a 
surgical procedure.  
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  Fig. 29.1    Population Pyramids       
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 Overall, 78.7% of patients were misdiagnosed before getting the right diagnosis 
(Fig.  29.5 ) (53.9% received more than three different diagnoses) (Fig.  29.6 ); as to 
the time to the right diagnosis, 44.8% of patients who were diagnosed before 1975 
eventually received the right diagnosis over 10 years later. In recent years, however, 
the time to get the right diagnosis seems to have remarkably reduced and 
improved.    
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   Care and Social–Healthcare Services 

 Nearly all patients found a center of reference providing specialized healthcare 
services. However, 50.9% of such centers are located in a region different from 
where they live; 23% of patients do not have a local center of reference or a clinical 
institution in the region where they live (Fig.  29.7 ).  
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  Fig. 29.6    Number of occurrence of misdiagnosis       
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 According to 40.3% of patients, specialists have greatly helped them to acquire 
knowledge about the disease and its management. Several subjects (25.4%) could 
not  fi nd a local doctor of reference and only 22.4% of patients considered their fam-
ily doctor as a local reference (Fig.  29.8 ).  

 With respect to diagnosis, 35.5% of patients are dissatis fi ed about the way their 
doctor told them the diagnosis; after receiving a diagnosis, 37.1% of patients feel 
the need to seek a second specialist opinion (Figs.  29.9  and  29.10 ).    

   Financial–Economic Dimension 

 Nearly all patients had to bear some medical expenses (clinical tests, visits, etc.) to 
receive a diagnosis; of these, 70% spent over 1,000€. As to treatment, 91.8% receive 
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  Fig. 29.7    Distance of healthcare referent centers       
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a drug therapy and 31.5% pay the full cost of drugs; in fact, 24.2% have not received 
a payment exemption yet, despite their entitlement; in Italy, in fact, BPS was 
included in the list provided for by DM 279/2001 (exemption from payment of a 
“ticket” for those affected from a rare disease). In this respect, 21.5% of subjects 

  Fig. 29.9    Satisfaction level 
about diagnosis 
communication       

  Fig. 29.10    Final diagnosis after other specialist consulting       
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had to request some form of  fi nancial support to manage such disease-related costs; 
 fi nancial support is generally provided by relatives (71.4%);  fi nally, the disease 
seems to have a negative impact on the work career of both patients (73.8%) and 
their families; this entails a remarkable indirect cost on the household income-
generating capacity; likewise, it is quite dif fi cult to pay the indirect costs associ-
ated to the disease management: for example, travel costs to reach medical centers 
(76.7% of patients need to travel with an accompanying person, most commonly a 
sibling who, in turn, cannot go to work; in 73.3% of cases, such work leave is not 
paid by the employer). Moreover, in the event patients need to travel out of town 
for a medical visit, they are likely to spend the night in some hotel (42.9%) 
(Fig.  29.11 ).  

 In summary, 33.3% of our sample is below or close to the poverty line 
(Fig.  29.12 ).   

  Fig. 29.11    Financial–economic dimension       

  Fig. 29.12    Household income in relation to poverty line       
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   Psychosocial Dimension 

 BPS patients report feelings of loneliness (25.2%) and mistrust toward the health-
care system (23.7%) (Fig.  29.13 ); 75.4% of subjects report a deterioration of their 
family relationships as a result of their disease (Fig.  29.14 ).   

 This community of patients  fi nds no psychological, social, and healthcare 
support in social networks and, in particular,    AICI (36%). It should be noted that 
the disease management is very dif fi cult, especially when there is no local specialist 

  Fig. 29.14    Impact of disease on family relationships       

  Fig. 29.13    Emotional experience of patients before de fi nitive diagnosis       

 

 



376 L. Nasta et al.

or specialized clinic close to where patients live. This is even more signi fi cant in 
the light of patients’ perception of their overall health as poor/very poor. Finally, 
35.2% of households report that, as a result of the disease, they needed some form 
of support in their daily living activities (Fig.  29.15 ).    

   Conclusions 

 Diagnosis is essential to manage the disease and start an appropriate treatment plan 
and an adaptive process for both patients and their family members. This survey 
helps prove that an exact, prompt diagnosis represents a crucial problem for BPS 
patients: a misdiagnosis is quite common and, in a large number of cases, patients 
receive a late diagnosis. Such diagnosis-related issues imply, for patients and their 
families, the activation of ineffective adaptive processes, which may lead them to 
feel desperate. This situation makes their distress even more serious, with ensuing 
feelings of solitude and mistrust vis-à-vis the healthcare system. In addition, the 
nature of BPS symptoms affects the sexual life of patients. To couples, this charac-
terizes and may exacerbate any existing relationship problems. On the contrary, 
such couples would need to elaborate their condition and properly organize their 
distress. Receiving a diagnosis allows to facilitate the mental processes required for 
such processing. 

 In recent years, the time to a right diagnosis and the number of misdiagnosis 
seem to have remarkably improved; however, it is still necessary to do more to 
improve the physician’s ability to promptly diagnose BPS. Moreover, the clinical 
bene fi ts resulting from an early instead of late diagnosis are undisputed, given the 
chronic, degenerative course of BPS. Symptoms include an acute, severely dis-
abling pelvic pain from the very beginning of the disease, and the acute phase is 
both unpredictable and recurrent  [  6,   7  ] . 

  Fig. 29.15    Need of support 
in disease management       
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 Our survey shows that when physicians report their diagnosis to patients, they 
tend to emphasize clinical aspects only, overlooking the signi fi cance of emotional 
aspects. Also, they seem to pay little or no attention to prompting some form of 
adaptation from patients  [  8  ] . This determines a huge dissatisfaction with respect to 
how the diagnosis is communicated and, in this context, the adaptive burden appears 
to be shifted from doctors to families. 

 Once the diagnosis has been con fi rmed, family members keep playing a signi fi cant 
role in the disease management and its healthcare-related aspects. Since 2001, in our 
country a formal network of hospital clinics specializing in the treatment of rare 
diseases has been established, although they are still somewhat scattered across the 
country: half of patients refer to a healthcare center far away from where they live, 
even in a different region. In order to reach a medical facility/clinic, patients must 
pay for travel costs (and any other additional costs). Such trips often call for a practi-
cal and emotional support which is generally provided by an accompanying person. 

 Reinforcing local healthcare services seems to be crucial in order to strengthen 
the healthcare system capacity to support these patients. This is even more important 
in the light of the present situation, where one in four patients have not identi fi ed a 
local clinic and cannot  fi nd a specializing center in the region where they live  [  9  ] . 

 In our country, these criticalities make the support network (like the association 
of patients affected from rare diseases) even more important, along with help and 
support given by family members  [  10  ] . These latter seem to be fundamental in the 
patients’ lives. 

 All the above factors create an overload of appointments and hassles for family 
members, with siblings hardly being able to go on with their life. The negative 
in fl uence of this disease on the work career of patients and their families is as impor-
tant, especially given the disease impact on the household income-generating capac-
ity. This is why, perhaps, one-third of the sample is below or close to the poverty 
line. 

 These patients are especially vulnerable with respect to the  fi nancial burden 
implied in the disease management. They are often forced to seek  fi nancial support, 
i.e., to borrow money, from relatives. 

 Therefore, our  fi ndings con fi rm that the onset of the disease does worsen family 
relationships: social costs are high, with a number of implications not only for 
patients but for their families as well. 

 We strongly believe that it is necessary to keep addressing these issues: these data 
represent a major tool to review and set the course of any welfare policies aimed at 
helping patients with a rare disease, as well as at supporting their families  [  11  ] .      
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