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Abstract: Interstitial cystitis, presently known as bladder pain syndrome, has been recognized
for over a century but is still far from being understood. Its etiology is unknown and the syndrome
probably harbors different diseases. Autoimmune dysfunction, urothelial leakage, infection,
central and peripheral nervous system dysfunction, genetic disease, childhood trauma/abuse, and
subsequent stress response system dysregulation might be implicated. Management is slowly
evolving from a solo act by the end-organ specialist to a team approach based on new typing
and phenotyping of the disease. However, oral and invasive treatments are still largely aimed at
the bladder and are based on currently proposed pathophysiologic mechanisms. Future research
will better define the disease, permitting individualization of treatment.
Keywords: bladder pain syndrome, concept, treatment

General concepts
Defining bladder pain syndrome/interstitial cystitis,
histological classifications
The European Society for the Study of Interstitial Cystitis (ESSIC) defines bladder
pain syndrome (BPS) as chronic (over 6 months) pelvic pain, pressure, or discomfort
perceived to be related to the urinary bladder, accompanied by at least one other urinary
symptom such as persistent urge to void or frequency in the absence of an identifiable cause.1 Although not a life-threatening disease, it is a condition that is a massive
burden to the patient. This may easily be underestimated, as often the diagnosis relies
solely on the patient’s symptoms. These may be so severe that some patients suffering from BPS/interstitial cystitis (IC) present quality-of-life scores lower than those
treated with hemodialysis for end-stage renal disease.2 Despite this, given the lack of
clear knowledge of its etiology, proper management of patients with BPS is still far
from fully realized.
Many have tried to define and classify this condition. Nowadays, BPS encompasses
a constellation of clinical scenarios, and a histological classification is useful to better
characterize the different forms of the disease.
In 1836, Joseph Parrish described a syndrome of chronic frequency, urgency,
dysuria, and pelvic pain, which he called “tic doloureux of the bladder.”3
“Classic” IC refers to the characteristic lesions, initially called Hunner’s ulcers,
which patients present with. Hunner described what he saw as ulcers using rudimentary nineteenth century cystoscopes.4 In fact, Hunner’s ulcers are not ulcers but
distinct inflammatory lesions that rupture across the mucosa and submucosa upon
hydrodistention during cystoscopy. Therefore, they are now referred to as Hunner’s
lesions. These are observed predominantly in the bladder lateral walls in up to 50%
of the patients.1
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More frequently observed lesions are glomerulations and
petequiae, which are consequences of a friable urothelium;
nevertheless, these, like the former, are not pathognomonic.1
Because many patients who experience symptoms of
BPS do not present intravesical lesions (while some patients
without symptoms of BPS do),5 and in some cases, there is
no documentable inflammation at all, the so-called classic IC
is now considered to be part of a wider disorder, presently
called the BPS. Thus, this syndrome presents mainly two
forms according to histological features: the “classic” form,
which presents with identifiable bladder lesions and/or
chronic inflammation signs, observed at cystoscopy and histological exam of bladder wall biopsy; and the “non-classic”
form in which the symptoms are perceived but there are no
macroscopic or even histological changes. A more thorough
classification has been proposed by ESSIC, which correlates
different possible findings of both cystoscopy and biopsy.6
A definition that is both precise and widely accepted is
crucial as it allows a more accurate understanding of which
treatments are effective in a patient.

Epidemiology
Although both women and men are affected at any age, the
majority of the patients are women. Recent reports, however,
suggest that the sex difference in humans may not be as large
as originally thought,7,8 if it exists at all.9,10
BPS/IC prevalence reports vary depending on the applied
diagnostic criteria and the studied population. It has been
reported to be as low as 0.06%, although it is thought to be
higher.6

Etiology/pathophysiology
Genetic predisposition, autoimmune mechanisms, infection,
central neurogenic mechanisms, defective glycosaminoglicanlayer constitution, toxic urinary components, and psychosomatic mechanisms are all candidate players in the
pathophysiology of BPS/IC.

Genetic predisposition
A higher prevalence of BPS/IC among first-degree relatives
suggests a genetic (or epigenetic) predisposition.11 Furthermore, a recent study found an association among first- and
second-degree relatives for fibromyalgia, constipation, and
BPS/IC, suggesting that they may have the same underlying
genetic factors.12 Genetic risk factors for the development of
IC including both chromosomal loci and specific genes have
been found.13 Regarding epigenetics, BPS-specific miRNAs
have also been described.14
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Autoimmune mechanisms
Diseases known to be caused by autoimmune mechanisms, such as allergies, rheumatoid arthritis, and inflammatory bowel disease, were significantly more frequent
among BPS/IC patients. However, any common specific
mechanism(s) underlying these associations is yet to be
found.15–17 BPS type 3C/classic IC seems to be a distinct
inflammatory disease and in many aspects shares features
of inflammatory autoimmune diseases.18 In an experimental autoimmune cystitis model, chronic pelvic allodynia
is mediated by chemokine (C-C motif) ligand 2 (CCL2)
through mast cells.19 Moreover, uroplakin peptide-specific
autoimmunity was shown to initiate BPS/IC-like bladder
histology in mice.20

Infection
Evidence of the absence of a current infection should not
lead one to assume that an infectious agent does not play a
role in the pathogenesis of BPS/IC. Both infectious agents
not identified by routine workup, such as nanobacteria, and
those that are responsible for a painful response that remains
long after the infection has been eradicated, such as an uropathogenic Escherichia coli, are plausible candidates in the
disease etiopathogenesis.21
Furthermore, although not suggested to colonize the
bladder directly, Helicobacter pylori-induced endoluminal
damage was recently hypothetized to play a causal role in
BPS/IC as well as in atherosclerosis.22 In line with such
theory, BPS/IC has been reported to increase the risk of
coronary heart disease.23

Defective glycosaminoglycan-layer
constitution
BPS/IC patients do not necessarily have a defective gly
cosaminoglycan (GAG)-layer constitution to begin with;
instead, they most probably have impaired reparative
mechanisms. Nevertheless, preemptive application of a GAG
analog, GM-0111, provided varying degrees of protection
against bladder insult in a mice model, suggesting that GAG
molecules might prevent the development of cystitis by
blocking apoptosis and the concurrent release of adenosine
triphosphate (ATP) from the urothelium.24
Antiproliferative factor is a frizzled protein 8-related
sialoglycopeptide identified in approximately 90% of BPS/IC
patients. It delays bladder wall regeneration by inhibiting
bladder urothelial cell proliferation.25 A disruption of the
GAG layer on the outer surface of the urothelium contributes
to leakage of irritating substances through the bladder wall.26
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This phenomenon, in turn, might induce inflammatory infiltration with mast cell predominance and increased activation -70%
compared to 10% in healthy individuals – and nerve fibers
activation. Alternatively, descending central nervous system
modulation of peripheral nerves might induce mast cell infiltration with subsequent damage to the urothelium.8 Regardless of the underlying mechanisms, decreased expression
of tight junction proteins, zonula occludens-1, and occludin
with interruption of the bladder urothelium are observed in
patients with BPS/IC.27

Other frequently associated non-bladder diseases (NBDs)
are depression, panic disorder, migraine, sicca syndrome,
allergy, asthma, and temporomandibular joint disorder. The
risk of BPS correlates with the number of NBDs.31 Also,
nonulcer BPS patients present with significantly more depression, panic disorder, migraine, and temporomandibular joint
disorder than classic BPS patients.32
Symptoms seem to be worse when BPS is associated with
systemic pain syndromes such as fibromyalgia.33

Neurogenic mechanisms

In the presence of a suggestive clinical history, confusable
diseases (malignancies, infections, neurologic disease,
bladder outlet obstruction, and others) must be excluded.
After this, patients with symptoms according to the definition should be diagnosed with BPS by the subtype and
phenotype. Assessment should include urine analysis,
uroflowmetry, cystoscopy with hydrodistension, and bladder biopsy as necessary.1,34 A micturition diary and pelvic
floor testing are also desirable. A validated symptom and
quality-of-life scoring instrument should be considered for
initial assessment as well as for follow-up.35 Chronic pelvic
pain symptoms and quality of life are worse in women than
in men.36 BPS-associated negative cognitive, behavioral,
sexual, or emotional consequences should be assessed.37,38
BPS-associated NBDs should be assessed systematically,
namely, allergies, other pain syndromes, and psychiatric
disorders.39 A multidisciplinary approach showed increased
severity of symptoms in the presence of nonurologicalassociated somatic syndromes.40
Antiproliferative factor, hemoglobin-binding endothelial
growth factor, endothelial growth factor, nerve growth factor (NGF), and brain-derived nerve growth factor (BDNF)
have all been proposed as biomarkers likely determinable in urine samples.41 However, NGF and BDNF also
appear to be the most promising biomarkers in overactive
bladder.42 Even so, NGF may still be of interest to monitor
the response to treatment.43 Recent application of microarray
technology to BPS/IC patients and animal models has given
further thrust to this aspect.44 The potential utility of infrared
microspectroscopy to diagnose BPS/IC has been suggested
by the differences found in the concentration of tryptophan
and its metabolites in the sera.45,46 On a related subject,
mid-infrared microspectroscopy and metabolomic analysis
identified changes in the tryptophan catabolism pathway that
differentiated patients with fibromyalgia from those with
osteoarthritis and rheumatoid arthritis.47 Nuclear magnetic
resonance (NMR)-based global metabolomics revealed a

Both peripheral and central neural sensitization and neuroplasticity have been described in BPS/IC patients, potentially
as a consequence of type C sensory nerve fiber activation.
Interestingly, cross-sensitization found in an experimental
model of colitis pointed to an overlap between IC and irritable
bowel syndrome.28

Psychosomatic mechanisms
Adverse early life events commonly linked to chronic pain
disorders, such as child abuse and other adverse childhood experiences, are highly frequent in these patients.
BPS/IC has been recently described as a functional somatic
syndrome.29 Stress response system (SRS) alterations are
common in humans as well as in cats with a similar disorder called feline IC. While, to our knowledge, no definite
genetic predisposition has yet been identified in either
cats or humans with this syndrome, findings in cats are at
least consistent with the results of some developmental
“accident”. It has recently been found that when a pre
gnant female is exposed to a sufficiently harsh stressor, the
hormonal products of the ensuing stress response can cross
the placenta and affect the course of fetal development,
resulting in persistent adrenal dysfunction and sensitization
of the central SRS.30

BPS/IC as part of a systemic disease
As earlier described, some of the pathophysiologic mechanisms currently implicated in BPS/IC are also associated
with other poorly understood conditions such as inflammatory bowel disease, irritable bowel syndrome, fybromyalgia,
or vulvodynia, which in turn frequently coexist with
BPS/IC.
The association of BPS/IC with other pain syndromes
in patients leads to the realization that it might not be an
isolated condition but rather part of a disease with systemic,
regional, or organ manifestations varying with each patient.

International Journal of Women’s Health 2015:7

Diagnostic approach

submit your manuscript | www.dovepress.com

Dovepress

737

Dovepress

Dinis et al

strong signature of BPS/IC. Among other signals that were
higher in the BPS/IC group, tyramine, the pain-related neuromodulator, and 2-oxoglutarate were significantly elevated in
the urine specimens of BPS/IC patients.48 Contrast-enhanced
magnetic resonance imaging (CE-MRI) has recently been
shown to be of potential interest as a clinical diagnostic
method for BPS/IC by monitoring the loss of permeability
of the primary bladder urothelium.49
The recent criteria of BPS/IC described by ESSIC are
far wider than the former National Institute of Diabetes and
Digestive and Kidney Diseases criteria. As the number of
patients diagnosed with this disease increased, so did the presenting clinical features. Since patients with ESSIC-defined
diagnosis present with different characteristics, it is possible
that treatments that were adequate for patients diagnosed
earlier do not have the same effects as in National Institute
of Diabetes and Digestive and Kidney Diseases-defined
patients. Patel and Evans suggested a treatment algorithm in
which the management is based on the patient phenotype that
divides the patient’s symptoms into six categories: urinary,
psychological, organ-specific, infection, neurologic, and tenderness.50 This would allow the comparison between studies
as well as tweaking of individual patient treatment.

Management
Whenever treating a BPS/IC patient, realistic expectations
should be kept in mind. Currently, there is no curative treatment, and so the primary goal remains an improvement in
the patient’s quality of life. Furthermore, even within the
available treatment options, valid studies are scarce.

First-line conservative management
Management options for BPS/IC found in the literature may
be conflicting; however, most relevant guidelines propose
that treatment should initially be conservative.51
When deciding on a conservative option, one should take
into consideration patients’ complaints and their past experiences. Those patients who can identify certain pain triggers
related to food and beverages will benefit from appropriate
life changes. The most common triggers are citrate and drinks
that contain caffeine or alcohol or are carbonated. Other
sources of alternative and complementary medicine, such as
dietary supplementation and acupuncture, are currently also
considered.52 Multidisciplinary approach and help should
be envisaged right from the start, in opposition to more current views in which the pelvic pain patient is managed by a
single so-called end-organ specialist, to the limit of doctor
and patient endurance. Based on urinary, psychological,
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organ-specific, infection, neurologic, and tenderness or
similar comprehensive classifications, all outstanding related
complaints should be addressed. At this early phase, associated or concomitant psychological and psychiatric aspects
should be sought out and treated. A correct diagnosis and
eventual treatment of the personality type, possible childhood trauma/sexual abuse, anxiety disorder, depression, and
reaction to pain are crucial for patient well-being. Simple
explanation of chronic pain and what to expect from its evolution and treatment, or the mere assurance of a real existing
diagnosis is paramount. This cannot be achieved without
interspecialty partnership between medical specialties, nursing, psychology, physiotherapists. Pelvic-floor hypertonicity
is extremely common in BPS.53 It enhances pain and may be a
cause by itself. Furthermore, hypertonic pelvic floor muscles
will induce dysfunctional voiding with the ensuing plethora
of complaints, both micturitional and proctologic, namely,
hesitancy, frequency, slow stream, and constipation.54 Hence
the need for physiotherapy for pelvic floor muscle relaxation
should be assessed. Stress-reducing techniques may be helpful. In this first-line approach, over-the-counter analgesics
should be used on demand.55 NBDs that often coexist with
BPS must be diagnosed and treated simultaneously, namely
fibromyalgia and chronic fatigue.

Level 1 evidence treatments
Oral treatments
Standard oral treatment includes amitriptyline, pentosan
polysulfate, and hydroxyzine.
van Ophoven and collaborators published a randomized
controlled trial (RCT) in 2004 confirming the usefulness of
amitriptyline.56 Amitriptyline decreases 5-hydroxytriptamine
reuptake and also stabilizes mast cells acting as an anticholinergic and sedative.57,58 Of note, an RCT by the Interstitial
Cystitis Collaborative Research Network showed that only
doses .50 mg/day seem to be effective.59 Interestingly,
diagnosis by the ESSIC criteria does not seem to decrease
the rate of responding patients when treated with amytriptiline. Cystoscopic findings also do not influence patient
outcomes.60
The US Food and Drug Administration (FDA)-approved
pentosan polysulfate sodium (PPS)61 replaces the GAG
layer and inhibits mast cell degranulation, thus targeting
two putatively important physiopathologic mechanisms of
BPS/IC.26 Administering a concomitant low dose of heparin
subcutaneously is more effective than administering PPS
alone in patients who initially responded to oral PPS.61
Regarding the mechanism of action of oral PPS, in female
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B6C3F1/N mice, its administration stimulated the immune
system, increasing the numbers of specific cell populations
and enhancing macrophage phagocytosis and natural killer
(NK) cell activity.62 Recently, however, results from a randomized, double-blind, placebo-controlled study of patients
with symptoms consistent with IC did not demonstrate a
treatment effect with PPS when compared with placebo at
the currently established dose.63
Hydroxyzine, a histamine type 1 (H1)-receptor antagonist, blocks histamine release in the bladder by inhibiting
mast cell degranulation. Although considered standard oral
treatment in major guidelines,51 there are no RCTs supporting its use. A pilot study showed 40% decrease overall and
a 55% decrease in severity of symptoms in a subgroup of
patients with personal history of allergies.59,64 These results
underline the importance of phenotyping the patient when
deciding which oral agent might be more effective.
In an RCT, cyclosporine A, an immunosuppressant drug
that inhibits T-cell activation and cytokine release, was
proven to be significantly more effective when compared
with PPS. Nevertheless, cyclosporine A has significantly
more serious adverse effects than PPS.65 Cyclosporine A was
also found to be highly effective for patients with Hunner’s
lesions refractory to conservative options in a retrospective
study. As its considerable number of side effects may justify
therapy dropout, these remain a significant drawback while
using this seemingly attractive treatment.66

Intravesical instillations and injections
Intravesical treatments with proven efficacy include PPS,
dimethyl sulfoxide (DMSO), and onabotulinum toxin A
(OnabotA) plus hydrodistension. An RCT showed significantly increased efficacy of simultaneous oral and intravesical PPS use when compared with placebo or oral PPS alone.
Intravesically instilled PPS allows higher concentrations to
be achieved in the bladder.67
FDA-approved DMSO for intravesical use in BPS/IC
inhibits mast cells and presents analgesic, anti-inflammatory,
muscle relaxant, and collagen-dissolution effects.68 In a randomized, controlled study of DMSO compared to placebo,
subjective improvement was reported in 53% and objective
improvement was observed in 93% of patients.69 Intravesical
DMSO effects were shown to be increased and prolonged
with the concomitant use of hyperbaric oxygen therapy.70 The
initial flare-up in IC/PBS symptoms after DMSO treatment
was recently related to the presence of lactate dehydrogenase
in the treatment medium, suggesting that DMSO permeabilizes urothelial membranes causing leakage of cytosolic
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contents including ATP and Ach rather than enhancing the
release of these mediators.71
An RCT study analyzing the difference between hydrodistension and hydrodistension plus intravesical OnabotA
injection showed symptomatic improvement in all groups.
However, 70% of patients in the hydrodistension group had
returned to their previous symptoms after the first month,
whereas in the OnabotA-treated groups there was still improvement of pain visual analog scale, functional bladder capacity,
and cystometric bladder capacity at 3 months. At 12 and
24 months, the results in the active group were 55% and 30%
versus 26% and 17% in the hydrodistension group.72

Lower evidence level treatment
options
Oral treatments
Oral H2-receptor antagonists are still being used, mainly
supported by an RCT that showed significant benefit of cimetidine relative to placebo.73 However, no recent publications
with this drug group were found.

Intravesical treatments
More recently, in an open-label uncontrolled study intravesical instillation of pentosan polysulfate encapsulated in
a liposome nanocarrier suggested a significant decrease in
frequency, urgency, and pain, and improvement in the quality
of life for 2 months.74
In a study by Pinto et al OnabotA trigonal-only injection without hydrodistension seemed effective and long
lasting. An improvement after a 3-month follow-up period
was reported by 87% of patients (N=23). Moreover, more
than 50% of patients reported continued beneficial effects
9 months after the first treatment. Whenever retreatment
was needed, similar results were obtained. Both ulcer- and
non-ulcer-bearing patients reported similar clinical benefit.75
Another longer lasting prospective trial confirmed that
repeated trigonal injection of OnabotA provides consistent
improvement on BPS/IC symptoms without significant
complications.76 Other groups have performed prospective
trials with repeated OnabotA injection, further proving it
to be safe and effective.77 At the cellular level, OnabotA’s
clinical benefits seem to be associated with decreased markers of chronic inflammation and decreased expression of
apoptotic signaling molecules.78 Moreover, downregulation
of the vascular endothelial growth factor was associated
with decreased inflammation after intravesical OnabotA
injections combined with hydrodistention in IC patients.79
Vascular endothelial growth factor is a target gene of the
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hypoxia-inducible factor-1a (HIF1alpha) overexpressed in
the bladder of BPS/IC patients.80
Thirty non-ulcer- and ten ulcer-bearing BPS/IC treatmentrefractory patients received intravesical botulinum toxin A
injection, with clinical improvement being observed only in
patients without Hunner’s ulcers.81 On the other hand, in another
study, ulcerative and nonulcerative forms of BPS/IC did not
differ in symptom intensity or response to OnabotA.82
This further points to the need to better characterize the
two subsets of patients and to decide the most suitable treatment accordingly. For chronic refractory BPS/IC patients,
although a significant benefit was noted in a small number of
patients, in a multicenter, prospective, randomized, doubleblind study to measure treatment effectiveness, abobotulinum
toxin A was associated with no overall improvement in total
O’Leary Sant (OLS) score.83
GAG layer restitution has been attempted with other
GAGs, namely, hyaluronic acid and chondroitin sulfate.
Small studies have proposed chondroitin sulfate as a form
of intravesical treatment with somewhat positive results.59
However, two multicentric, placebo-controlled RCTs evaluating intravesical sodium chondroitin sulfate efficacy and safety
failed to demonstrate a statistically significant improvement.
Therefore, although safe, the benefit of this treatment is minor
and it should not be used as a monotherapy.84,85
Nevertheless, a meta-analysis revealed a significant
improvement in patients’ quality of life when combining the
results of the three small studies using intravesical chondroitin sulfate. Larger studies are warranted, taking into account
the identification of the specific subtype of BPS/IC patient
who might profit from chondroitin sulfate treatment.86
Regarding hyaluronic acid, some clinical benefit was
achieved in BPS/IC patients. A 6-year prospective study
involving 126 patients performed to assess the long-term
effect of intravesical hyaluronic acid therapy showed overall
87% positive response to treatment.87 Fifty percent of patients
remained asymptomatic after the observational period.
Recurrence during the first year was reported after initial
improvement by 41.7% patients. Only 8.3% seemed to be
refractory to intravesical hyaluronic acid treatment. It is noteworthy that the patients in this study were a subset showing
a positive modified potassium test.87 Intravesical hyaluronic
acid instillation was an effective and safe treatment for
33 patients with refractory IC/PBS, with no influence of
previous treatment modalities and presence of Hunner’s
ulcer being observed to affect its efficacy.88 Along with the
reduction of BPS/IC symptoms, intravesical hyaluronic acid
also seemed to improved sexual function.89
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In a recent work by Porru et al 22 patients with
BPS/IC received intravesical instillations (40 mL) of sodium
hyaluronic acid 1.6% and chondroitin sulfate 2.0% in 0.9%
saline solution once weekly for 8 weeks, and then once
every 2 weeks for the next 6 months. The use of intravesical sodium chondroitin sulfate and hyaluronic acid together
showed encouraging results both on the mucosa reconstitution and clinical improvement, with significant reductions in
urgency and pain scores.90,91 Yet, another study comparing
intravesical hyaluronic acid and hyaluronic acid/chondroitin
sulfate therapy for patients with BPS/IS showed no difference
between groups, with statistical improvements observed in
both groups at 6 months.92

Neuromodulation, bladder training,
physical therapy
Sacral neuromodulation aims to reverse the chronic upregulation of the pelvic nerves believed to be involved in the
pathophysiology of BPS/IC.93 Gajewski et al’s long-term
results showed improvement of 72% of the patients after a
median follow-up of 61.5 months. High rates of revision were
nevertheless observed, and in 28% of the patients explantation
was necessary. Therefore, neuromodulation should be thought
of in persistent cases before advancing to more invasive
interventions such as surgery.94,95
Some patients present pelvic floor tenderness during
physical exam. These are those likely to benefit from physical therapy. After ten sessions, myofascial physical therapy
significantly improved the patients’ global symptoms.50
Fitzgerald et al’s randomized, multicenter clinical trial of
myofascial physical therapy in women with IC/painful
bladder syndrome and pelvic floor tenderness reported a
significant 59% improvement rate in the treatment group
versus 26% in the placebo group.96

Surgical treatments
Whenever Hunner’s lesions are present, transurethral resection induces a good response in 90% of the patients. Transurethral resection combined with hydrodistention is also an
effective treatment option.97 Transurethral lesion destruction
has also been obtained both by fulguration and by laser application with success in an attempt to lessen morbidity. Patients
undergoing transurethral intervention remain symptom-free
for up to 2 years. Nevertheless, this invasive treatment is
effective only in the particular subset of BPS/IC patients with
Hunner’s lesion (ESSIC type 3C).98,99 Electrosurgical management of Hunner’s lesions seemed to be an effective and safe
procedure without diminishing bladder capacity.100
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Data on surgical treatment are largely variable, and
therefore major surgery must be looked at as a last resort.101
Careful patient selection is of major importance, and available evidence identifies end-stage classic ulcerative disease
with bladder contraction as the ideal indication for surgery.
Urinary diversion with bladder conservation, supratrigonal
cystectomy, subtrigonal cystectomy, and radical cystectomy,
including excision of the urethra, have all been described.
Supratrigonal cystectomy with enterocystoplasty is the most
well-accepted one.102,103

Perspectives
A randomized, double-blind, placebo-controlled, low-dose
sildenafil trial for IC showed a significant improvement in
the symptom, problem index scores, and urodynamic index in
the treatment group, with the efficiency of treatment reaching
62.5%. Significant changes of the VAS values were observed
by week 12.104
Mouse models suggest that modulation of the cannabinoid
CB2 receptors might be a promising therapeutic strategy for
IC.105,106
Herpes simplex virus vector-mediated encoding human
preproenkephalin, the precursor of met- and leukoenkephalin
(which are endogenous opioids acting on δ-opioid receptors),
has demonstrated physiological improvement in visceral pain
induced by bladder irritation, thus may be a potentially useful
treatment modality for BPS/IC.107 Recent work reports on the
relatively large magnitude of placebo-associated responses in
IC patients.108,109 One can envision at least two reasons that
make it all the more pertinent: 1) Non-placebo-controlled
trials are of limited usefulness for evaluation of therapies for
BPS/IC. It has been known since the early DMSO studies,
which found that water was approximately 50% effective.
Recently, in a randomized, double-blind, placebo-controlled
trial of adalimumab for IC/bladder, although the treatment
resulted in a statistically significant improvement in outcome
measures compared to baseline in patients with moderate
to severe BPS/IC, it failed to demonstrate positive proof of
concept compared to placebo due to a significant placebo
effect.108 2) Benedetti points to the therapeutic relationship
between the caregiver and the patient as being very important
to patient outcome.110 In fact, data on spontaneously occurring
IC animal models strongly suggest that this may be considered
a “new line of therapy” to be investigated.111
Differences in sympathetic nervous system function have
been identified in cats and humans, as well as in adrenocorticotropic hormone and cortisol levels.112,113 Charrua et al
found elevated levels of noradrenaline in samples of both
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blood and urine of BPS/IC patients who also presented with
the altered Tilt Test, indicating sympathetic dysfunction.
In the same work, treatment with high doses of adrenaline
induced both clinical and histological features akin to
BPS/IC in the bladder and nervous system of Wistar rats.114
In animal models, both in utero and early life, stressors can
induce SRS alteration, resulting in enhanced adrenocorticotropic hormone production and low cortisol, along with
enhanced sympathetic system activity.30 These alterations,
also observed in humans with posttraumatic stress syndrome,
are the result of epigenetic changes possibly imprinted in a
genetically susceptible individual.115 In this regard, future
treatment will certainly be aimed at reversing those epigenetic
alterations. This might be achieved with pharmacological and
nonpharmacological (behavioral) treatment.116 Furthermore,
observations about the so-called context (including placebo)
effect and the underlying biochemical basis for clinical
improvement bring to light the necessity of careful counseling and close psychological and multidisciplinary support,
preferably from the start of patient management.

Conclusion
Treatment of BPS/IC remains a clinical challenge. Besides
basic diagnosis, typing and phenotyping of the disease is paramount to any measure of success. Management should start
with adequate counseling and conservative measures. Oral
medication is proven useful despite the probable heterogeneity
of BPS/IC. However, for Hunner’s lesion and nonresponding
other types of the disease, surgery is indicated. Non-bladder
conditions should be sought out and treated simultaneously
with bladder complaints. Further research on the etiology of
the disease is paramount to curative treatment(s).
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