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Abstract To describe the pathophysiology, diagnosis and controversies surrounding

the diagnosis and pharmacological treatments of painful bladder syndrome/
interstitial cystitis (PBS/IC) in children, we reviewed adult and paediatric
literature pertaining to PBS/IC.

Paediatric PBS/IC presents similarly to adult PBS/IC. The diagnosis
is made by exclusion. Paediatric PBS/IC patients complain most commonly
of urinary frequency, and abdominal pain occurs in up to 88% of
affected children. Enuresis may also be a presenting complaint. Urinalysis
and urine cultures are unremarkable. Management of paediatric PBS/IC
is similar to that of adult PBS/IC, and non-surgical management includes
dietary, lifestyle and pharmacological therapy. Pharmacological options
include pentosan polysulfate, amitriptyline, hydroxyzine, cimetidine or intra-
vesical therapies (dimethyl sulfoxide or ‘therapeutic solution’).

Painful bladder syndrome/interstitial cystitis  There is no specific confirmatory diagnostic or
(PBS/IC) is characterized clinically as urinary pathology test for PBS/IC, making PBS/IC a
urgency, frequency, nocturia and/or pelvic pain.[ll  clinical diagnosis.[”! As a result, the true prevalence
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of PBS/IC is debated, based on how the syn-
drome and diagnostic criteria are defined.l! Tra-
ditionally, urologists used strict criteria of the
National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) to diagnose PBS/IC,
which largely mandates moderate to severe
symptoms and excludes from diagnosis any pa-
tient with any of a list of alternative diagnoses
that might serve as confounding factors (bacterial
cystitis within the last 3 months, active genital
herpes, distal ureteral or bladder stone, vaginitis,
unstable detrusor contractions, schistosomiasis,
bladder tuberculosis). These criteria were defined
for research trials to ensure homogeneity of sub-
jects, but were adopted by many clinicians.
If NIDDK criteria are used, the diagnosis is
missed in at least 60% of patients.[! Recent
prevalence estimates in adults are 52-12600
per 100000 women and 8—41 per 100000 men,
or roughly 60000-15000000 adult women
and 10 000-50 000 adult men in the US.[>% Des-
pite controversies and varying definitions in
PBS/IC diagnosis, with some prevalence esti-
mates much higher, it is generally accepted that
there are at least 1 million American women di-
agnosed with the condition, and likely many
more undiagnosed.!!%-11]

The prevalence of PBS/IC in children is un-
known. The NIDDK criteria (from 1988) ex-
cluded diagnosing PBS/IC in patients <18 years
of age, for no reason other than to avoid the dif-
ficulty of obtaining consent from minors for re-
search trials.[’! Older studies suggest that PBS/IC
in children presents similarly to that occurring
in adults.">1% Anecdotal observations of adult
patients indicate that approximately 25% of
adults with PBS/IC report having chronic urinary
tract problems as children or that their symptoms
developed when they were children and progressed
in severity over time, implying that early diagnosis
and treatment might have avoided morbidity.!'”]

In this article, we first review the evidence on
adult PBS/IC, which is controversial, even among
experienced researchers and clinicians. We then
review what is known about paediatric PBS/IC.
We discuss the diagnosis, evaluation and medical
management of PBS/IC, but not surgical man-
agement.
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1. Painful Bladder Syndrome/Interstitial
Cystitis (PBS/IC) in Adults

1.1 Normal Bladder Function

The normal viscoelastic bladder has several
properties to allow it to store and empty properly.
The bladder fills at a low pressure and maintains
a low pressure at capacity (normal compliance).
Throughout filling, the normal bladder exhibits
no involuntary detrusor contractions. Most
healthy adults have no conscious perception of
bladder filling until a threshold volume is
reached, typically around 80-120 mL, when they
first perceive filling. Most individuals ignore this
sensation and can continue to perform their
daily activities until a capacity of approximately
150-180 mL is reached. If a bathroom is con-
venient, most people would void at this volume,
but in most circumstances, individuals will con-
tinue to do their daily activities and allow their
bladder to fill to approximately 240-280mL,
when they will stop their activities, and look
for a bathroom in which to void.l"8 Throughout
filling, bladder mechanoreceptors sense stretch
and encode action potentials based on various
thresholds of stretch.'”) The frequency with
which these mechanoreceptors encode and the
sequential recruitment of low and high threshold
receptors (mostly A-0 fibres) are relayed via
pelvic afferent fibres to spinal and supraspinal
centres, where the information is processed.
Assuming typical urine output of 50-70 mL/h,
most individuals void every 4-6 hours during the
day. When micturition is desired, the brain re-
leases its inhibition on the sacral micturition
centre (S,_;), which enables a coordinated mic-
turition reflex of external sphincter relaxation
and detrusor contraction to occur. The bladder
empties to completion with normal micturition.

Given the prolonged dwell times during which
urine and urinary solute bathes the bladder in
the filling phase, the bladder has a mechanism to
avoid reabsorption of water and solutes across
the urothelium. The bladder is lined by transi-
tional cell epithelium, and on its luminal surface
there is a thick, arborized layer of mucin, com-
posed of glycosaminoglycan (GAG), chondroitin
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sulphate, hyaluronic acid, dermatan sulphate and
free floating mucus. The mucin coating
is hydrophilic and acts as an adhesion and per-
meability barrier.?%2!l Disruption of the mucin
coating, even with the transitional cell layer in-
tact, allows for abnormal solute permeability.l??

1.2 PBS/IC Pathophysiology

The pathophysiology of PBS/IC is contro-
versial. However, we interpret from the pre-
ponderance of data that PBS/IC is largely an
issue of bladder sensory afferents causing hyper-
sensitivity and allodynia. The majority of pa-
tients have epithelial dysfunction, whereby the
normal barrier function of the bladder uro-
thelium fails and allows for abnormal epithelial
permeability of urinary solutes into the bladder
submucosa.l?>23 The initial cause of abnormal
epithelial permeability is not known. The initial
inciting factor may be varied. In an in vivo experi-
ment, mouse bladders were provoked either with
bacterial-derived lipopolysaccharide, antigen or
substance P.*°! Notwithstanding some differ-
ences, there were common genes and proteins
expressed regardless of injury. We infer therefore
that the bladder has a stereotypical response to
multiple types of injury.

Once injury and abnormal epithelial permea-
bility occur, urinary solute, such as potassium,
may diffuse across the epithelium and produce
smooth muscle injury to the detrusor, provoking
an inflammatory response. Furthermore, the
solute may directly depolarize sensory nerves and
may produce localized pain.*3! This defect in
bladder mucin function with potassium-induced
sequelae is referred to as the ‘GAG theory’. Mast
cells are also activated in many PBS/IC
patients.’”l Mast cells release histamine, and
histamine may induce release of the pain neuro-
transmitter substance P and induce proliferation
of (pain sensing) C fibres.?®?°1 In late-phase
PBC/IC, increased density of nerve fibres, and
in particular of non-myelinated C fibres, is
seen.[30-321 The ‘GAG theory’ ties together
data to explain how abnormal epithelial permea-
bility causes the ‘leak’ of solute into the sub-
mucosa, submucosal injury and inflammation,
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mast cell activation and histamine release, and
subsequent neural (pain fibre) activation and re-
cruitment in the bladder, spinal cord and brain
(table 1).33]

An alternative theory is that mast cell activa-
tion occurs first, and releases histamine that, in
turn, produces epithelial dysfunction, propagates
more mast cell activation, and results in sub-
sequent release of substance P and neural activa-
tion.?3] Some authors cite evidence of primary
nerve inflammation.’”! There is increased nerve
fibre density and nerve fibre destruction in proxi-
mity to mast cells.?) Moreover, some patients
demonstrate central sensitization with limbic
dysfunction.’83%1 Tt is conceivable that central
sensitization may occur first, with later develop-
ment of bladder symptoms.[*%44 Central sensiti-
zation helps to explain non-bladder-related
symptoms commonly seen in PBS/IC, such as
pelvic floor dysfunction, irritable bowel syndrome
and vulvodynia.[*!l These processes may have a
genetic component. In a study of twins, when
one twin had IC, the other twin was more likely
to have IC if they were monozygotic versus
dizygotic twins.*3 Five of eight monozygotic
twin pairs thought to have PBS/IC in the study
had their urine antiproliferative factor (APF)
assayed. All five twin pairs showed abnormal
APF activity.

The majority of patients demonstrate in-
creased epithelial permeability, bladder hyper-
sensitivity and allodynia, and increased encoding
of bladder sensation from normally quiescent C
fibres.[22:23:33.341 [C is characterized by hyper-
sensitivity to both nonpainful and normally
painful stimuli. Increased input from sensitized

Table I. Summary of pathophysiological factors in painful bladder
syndrome/interstitial cystitis

Factor Supporting evidence

Bladder epithelial
dysfunction

Histology, permeability studies, potassium
testing(?2-25:341

Increased mast cells, increased
histaminel27-29,35,36]

Increased nerve fibre density,
proliferation of unmyelinated C fibres,
hypothalamic-pituitary-adrenal axis
abnormalities!30-33.37-431

Mast cell

Neural activation
and upregulation
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bladder afferents leads to the release of neuro-
active chemicals in the spinal cord dorsal horn,
which results in central (spinal) hyperexcit-
ability.3342 A" proposed pathophysiological
mechanism is shown in figure 1. Although there
are occasional reports citing infection as a factor
in the pathophysiology or in the response to anti-
bacterial therapy, the overwhelming majority
of studies show no evidence of infection or
infectious aetiology.

1.3 Clinical Presentation

Clinically, PBS/IC is characterized by urinary
urgency, frequency, nocturia and pelvic pain
(table II).[4046:471 The classic patient is diag-
nosed in their forties, and the diagnosis is 5- to
10-fold more common in females.[! Pain is vari-
able, and patients localize pain in the suprapubic
region, lower quadrants, vagina, urethra, peri-
neum, medial thighs and external genitalia.[*°]
The radiation of pain is variable. In early-phase
disease, patients often have no pain, or describe
pressure or discomfort rather than pain.[4349]
Symptoms are often exacerbated or triggered just

prior to menses (thought to represent mid-cycle
estrogen surge that results in histamine release
from mast cells), and by specific foods (often
spicy foods, acidic foods, citrus, tomato pro-
ducts, potassium-rich foods, such as bananas,
chocolate, carbonated drinks, caffeinated drinks,
alcohol), sex and stress.!1#3-°0-33 Typically, patients
describe increased pain if they try to forestall
micturition and relief of pain after voiding.[>!
As the disease progresses, pain tends to be less
variable and more unremitting.

Because symptoms are nonspecific and similar
to other mimicking conditions, patients are often
misdiagnosed with recurrent bacterial cystitis,
endometriosis, overactive bladder (OAB), chronic
pelvic pain, urethral syndrome, urethral stenosis
or chronic prostatitis.[l:4849-3¢] A common pre-
sentation is a patient with irritative voiding
complaints refractory to multiple courses of
antibacterials, anticholinergics or luteinizing
hormone releasing hormone agonists.#8-37-3
Most patients are symptomatic for 2-7 years and
see multiple physicians prior to diagnosis with
PBS/IC.[1:46-48.601 PBS/IC is generally under-
diagnosed, and the delays to diagnosis imply

Mast cell

Histamine

Detrusor

Sensory nerves

Blood vessels

Substance P

Fig. 1. Neurogenic inflammation in painful bladder syndrome/interstitial cystitis. Activated mast cell in proximity to bladder sensory nerve, with
histamine release, leads to substance P (SP) release and sensory nerve transmission. SP also induces further inflammation, including
bradykinin and serotonin (5-HT) release, with further nerve activation (reproduced from Dr Robert Moldwin with permission).
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Table Il. Occurrence of clinical features of painful bladder syn-
drome/interstitial cystitis in adults and children

Symptom Adults (%) Children (%)
Urinary urgency 57-98 88-95
Daytime frequency 84-97 88-100
Pain 66-94 19-81
Nocturia 44-90 21-69
Dysuria 71-98 13
Dyspareunia 46-80 NA
Depression/neurotic symptoms 55-67 13-71

NA =not applicable.

disease progression until the disease severity and
full constellation of symptoms makes diagnosis
more obvious.[1:3:6:10:40.46-49.56.571 A there is no
definite urine test or marker at present, the diag-
nosis is suspected on the basis of history and
physical examination, and other competing dis-
orders are excluded with appropriate testing as
warranted.>¢1l A key take-home point is that
a high level of suspicion is required because
patients may present with a chief complaint of
any of urinary frequency, urgency, nocturia,
reported ‘recurrent bladder infections’, pain,
dyspareunia or ‘painful menses’ without these
symptoms being linked as relevant.

1.4 Evaluation and Diagnosis

Clinicians should elicit voiding symptoms,
daytime frequency and nocturia, history of
documented urinary infections and (lack of) re-
sponse to antibacterials, haematuria, stones and
incontinence.[l*¥] Many patients will have been
misdiagnosed and treated with prior anti-
bacterials, so that many patients will present with
reported ‘bladder infections that do not respond
to normal antibacterials’.*®! The majority of
PBS/IC patients are not incontinent.[1:40:48.56]
Since OAB and PBS/IC share symptoms of
urgency and frequency, some clinicians may
mistake PBS/IC for OAB and treat unsuccess-
fully with antimuscarinic agents.’” In particular,
as early-phase PBS/IC often involves little
or no pain, presentation may be strikingly simi-
lar. The subjective sense of urgency that is com-
mon to PBS/IC and OAB has a subtle but
important difference: in PBS/IC, ‘urgency’ is
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perceived by patients as a ‘compelling urge to
urinate that is difficult to postpone’, whereas
in OAB, ‘urgency’ is perceived as a ‘desire to void
with little or no warning’.[°:%3 In many PBS/IC
patients, urinary urgency is an uncomfortable
or painful sensation; when they forestall mic-
turition, urinary urgency and pelvic discomfort
or pain increases, which may be a useful clue
to suspect PBS/IC, as opposed to OAB where
discomfort or pain is unusual.

Pain, pain triggers, mid-cycle or perimenstrual
flares, dyspareunia, and localization of dyspar-
eunia to bladder (or anterior vaginal wall) are
commonly identified in the medical history of a
patient.[1:47:48,54.55.591 Because of symptom pro-
gression over time, some patients may present
primarily with pelvic pain or dyspareunia, and
dismiss their prior, longstanding voiding fre-
quency as normal and unrelated.'*%:%0 Males
often report post-ejaculatory pelvic pain, and
may present with chronic bacterial prostatitis or
chronic nonbacterial prostatitis (chronic pelvic
pain syndrome categories 2 and 3, respectively)
having been non-responsive to antibacterials,
a-adrenergic receptor antagonists or 5-a-reduc-
tase inhibitors.[1:48:3438.64] Food triggers are re-
ported by approximately half of patients.’”] Risk
factors for bladder cancer, such as haematuria,
cigarette smoking, occupational exposure to car-
cinogens, pelvic radiation and cyclophosphamide
exposure should be identified.[! Concerns of
bladder cancer should be moot in children.

Physical examination typically shows a nor-
mal or dysphoric mood, normal abdomen or
suprapubic or lower quadrant tenderness, and
bladder neck tenderness with or without tender-
ness in other areas on vaginal examination.[#%-66]
Rectal examination is typically unremarkable,
but rectal tenderness is occasionally present, and
may possibly represent evidence of central sensi-
tization.[*%-7] Urinalysis and urine culture should
be done routinely, and are typically normal.
A mid-stream clean-catch urine collection may be
difficult to perform, with voided volumes typically
<100 mL, and a catheterized specimen may be
required to avoid contamination.[40-3¢) Haema-
turia warrants upper tract imaging and cysto-
scopy. Urine cytology is warranted in most adults
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to exclude bladder carcinoma in situ. Many clin-
icians routinely perform cystoscopy, to exclude
other conditions (bladder cancer, bladder
stones), although the yield is low.[36:39:65.66]

The traditional diagnostic test of cystoscopy
with hydrodistension under anaesthesia is often
performed to look for reduced anaesthetic capa-
city and glomerulations (submucosal petechial
haemorrhages after hydrodistension) or Hunner’s
ulcers.’! Strict application of these diagnostic
criteria is believed to miss the diagnosis in at
least 60% of patients.) The application of
cystoscopy with hydrodistension as a diagnostic
test has been challenged, based on low sensitivity
and specificity.[®%%1 Office cystoscopy using
topical anaesthesia is often performed to exclude
significant bladder or urethral pathology (bladder
tumour, bladder stones, foreign body, urethral
stricture).[?! Voiding and fluid intake diaries are
helpful, as they demonstrate typically reduced or
normal fluid intake, and frequent small voided
volumes with little or no incontinence.!!-240-48-54.5]
Whereas healthy adults typically void approximately
250mL per void at intervals of approximately
3—4 hours, most PBS/IC patients void <100 mL per
void at intervals of approximately 1 hour.[1:40-36]

Other diagnostic tests have been described.
The potassium test is controversial and is all but
impractical for children.?34%-791 Proponents of
the test note that a normal, impermeable uro-
thelium will exclude potassium from crossing
the urothelium and so no stimulation of sub-
mucosal sensory nerves would occur. In one
study, all 47 controls tested negative.l°?) PBS/IC
patients with abnormal epithelial permeability
should test positive.’! The test is contro-
versial for two reasons. A positive test confirms
epithelial dysfunction, whereas a negative test
does not exclude disease. Similarly, other pro-
posed diagnostic tests (cystoscopy with hydro-
distension, urodynamics, urine biomarkers)
have the same limitation: a positive test seems to
confirm PBS/IC, whereas a negative test does not
necessarily exclude disease.l’!] A second source of
controversy is that the test can induce bladder
pain, and in some instances dramatic bladder
pain occurs within seconds of potassium chloride
instillation. To our thinking, it validates the

© 2009 Adis Data Information BV. All rights reserved.

utility of the test to reproduce bladder pain.
However, it is obvious that urethral catheteriza-
tion and potassium instillation to reproduce
bladder pain is impractical (and in some cases
cruel) in younger paediatric patients.

As diagnosis is largely based on history and
physical examination, validated questionnaires
have been tested to follow or screen patients. The
O’Leary Sant index[’?! has been validated to fol-
low patients, the pelvic pain urgency frequency
(PUF) instrument!’3 has been validated to screen
patients, and an elevated PUF score has been
correlated with a positive potassium test, which
allows the clinician to assume a potassium test
would probably be positive in a patient with an
elevated PUF score.[° PUF is also more sensitive
than the O’Leary Sant index for screening.[’¥]
One difference between the questions in the PUF
and O’Leary Sant instruments is that PUF in-
cludes questions about pain with intercourse,
which may limit its applicability in populations of
non-sexually active patients, such as children.

Bladder biopsy is nonspecific and does not
diagnose PBS/IC.I2:%%751 One promising urine
biomarker is APF.[71 APF is specific, but has
been tested in NIDDK-criteria patients and
may not identify early-phase patients. APF has
only been reproduced at one centrel’® and has
not been reproduced elsewhere.

Thus, in adult PBS/IC, the syndrome involves
the bladder epithelium in the majority of patients,
with evidence of abnormal epithelial permea-
bility, mast cell activation in the bladder and,
over time, a progressive recruitment of increased
sensory afferents in the bladder and pelvis, and a
change from mechanoreceptors to pain afferents.
Progressively, patients show bladder hypersensitivity
and allodynia. Thus, the diagnosis is largely
suspected based on irritative voiding symptoms,
food triggers, perimenstrual flares, dyspa-
reunia or ejaculatory pain, pelvic pain/pressure/
discomfort, a physical examination that is typi-
cally normal other than perhaps showing a
dysphoric mood, tender abdomen over the supra-
pubic area and tender bladder neck on vaginal
examination, negative urinalysis and urine cul-
ture, and lack of response to antibacterials and
anticholinergics.[124¢-48:5]1 Diagnostic tests can
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exclude other conditions and may in some pa-
tients confirm PBS/IC, but a negative test does
not necessarily exclude the diagnosis.l>71]

1.5 Treatment

Treatment (table IIT) includes reduction of diet-
ary triggers and stress reduction techniques.!’8-80
Calcium glycerophosphate is a compound avail-
able in health food stores that, in open-label
trials, showed improvement among subjects with
food triggers.[®!] Based on the finding that urine
nitric oxide levels are lower in PBS/IC patients
than controls and that L-arginine is a substrate for
nitric oxide synthase, L-arginine was tested
against placebo in a randomized, double-blind,
3-month trial. Although subjects randomized to
L-arginine 1500 mg/day who completed the study

fared better than controls, on an intent-to-treat
analysis there was no difference between cohorts.[®%

Oral pentosan polysulfate proved efficacious
in randomized double-blind trials when com-
pared with placebo.l3-83 In these three trials,
patients randomized to pentosan showed 3-month
success rates (different endpoints in each trial)
of 28-44%, whereas patients randomized to
placebo showed 3-month success rates of
13-16%, with statistically significant differences
between treatment and placebo groups in all
three trials. Another trial showed negative results
for global response, but reductions in pain and
increases in bladder capacity in pentosan-treated
subjects versus placebo recipients.[®¥) One under-
powered 2x2 randomized trial comparing oral
pentosan, hydroxyzine, pentosan combined
with hydroxyzine, and placebo showed a trend

Table lll. Treatment approaches for painful bladder syndrome/interstitial cystitis

Treatment Mechanism of Suggested approach/dose Paediatric dose Adverse effects
action
Dietary Reduce triggers http://www.ichelp.orgl””] http://www.ichelp.orgl””] Lack of citrus in diet
management
Neutralize triggers Calcium glycerophosphate Calcium glycerophosphate Unknown
2 tablets before food trigger 1-2 tablets before food trigger
Lifestyle Possible stress Yoga, relaxation techniques Yoga, relaxation techniques Unknown
modification reduction
Pelvic floor Possible myofascial Pelvic floor myofascial release Pelvic floor myofascial release Not tested or reported in
physiotherapy release children
Pentosan Presumed epithelial 100 mg PO tid 100 mg PO bid to tid Gl, alopecia
polysulfate mucin coating
Hydroxyzine Stabilize mast cells  25-50mg PO ghs 10-25mg PO ghs Sedation
Cimetidine H, receptor 400 mg PO bid <12 years: 20-25 mg/kg/day Neurotoxicity
antagonist divided g6 administration; age
>12y: adult dose
Amitriptyline Pain reduction 25-75mg PO ghs Adolescents: 10-25 mg PO ghs Sedation, dry mouth,
arrythmia, constipation,
weight gain
Gabapentin Neuromodulation 300-900 mg PO ghs 10-15mg/kg ghs, may increase Sedation, nightmares
in 10 mg/kg increments,
maximum 50 mg/kg
Intravesical Multiple 50% solution 50 mL every week 50% solution 50 mL every week Garlic breath, bladder
dimethyl mechanisms pain with instillation
sulfoxide
Intravesical Downregulate 2% lidocaine 8 mL, 8.4% HCO34mL, 35kg: half adult dose Lidocaine toxicity if
‘therapeutic sensory nerves, heparin 2mL (10000 U/mL) 3 times  >45kg: adult dose overdosed, bladder
solution’ coat epithelium per week for 3 weeks infection

bid =twice daily; DMSO=dimethyl sulphoxide; Gl=gastrointestinal; H=histamine; HCO3;=bicarbonate; PO=orally; gq6=every 6 h;

ghs =daily 1-2 h before sleep; tid =three times daily.
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towards better response with pentosan than
placebo (p=0.06).871 A meta-analysis assessing
the efficacy of pentosan concluded that it is effi-
cacious compared with placebo.®8!

Pentosan is believed to coat the bladder epi-
thelium and restore the permeability barrier.
Other mechanisms have been shown and the
precise mechanism by which PBS/IC patients
improve on pentosan is not known.®" The drug
is poorly absorbed across the gastrointestinal
tract and only its low-molecular-weight portion,
comprising 6%, is excreted in urine.’%-21]

In an early compassionate-use open-label trial,
patients whose previous treatments had failed
were offered the opportunity to take pentosan at
their cost and were followed-up for up to 116
months.? At study end, only 11% of patients
were still taking the drug, with only 6% taking it
continuously for 218 months. This study has been
cited as evidence that on an intent-to-treat basis,
the response rate is low and most patients dis-
continue treatment. A contrary view comes from
a randomized, blinded, dose-ranging trial in
which, even accounting for patient withdrawals,
regardless of dose, patient response rates im-
proved sequentially at 1, 3 and 6 months.[3
Some patients will stop medication as a result of
lack of efficacy within the first few months and it
is worthwhile to explain to patients at the outset
that any benefit is likely to become apparent only
after they have been taking pentosan con-
tinuously for at least 3-6 months. We infer that
the bulk of randomized, prospective data show
drug efficacy compared with placebo using var-
ious outcomes and analyses, but note that a res-
ponse may require months of continuous therapy.

Hydroxyzine may be clinically useful. In a
randomized, double-blind placebo-controlled
trial, in which hydroxyzine, pentosan and the
combination of both drugs were compared,
combination therapy showed the greatest efficacy
(p=0.07), although the study was under-
powered.®” The interpretation of the study data
was controversial, with the authors concluding
that hydroxyzine is ineffective. Others (ourselves
included) believe the statistical trend is consistent
with good clinical results seen in some patients,
particularly patients with atopic histories.[®¥

© 2009 Adis Data Information BV. All rights reserved.

A subset of patients have mast cells and histamine
in the bladder, suggesting that hydroxyzine
should be efficacious.l?”-33 Similarly, a rando-
mized, double-blind trial of the histamine H,-
receptor antagonist cimetidine (400mg orally
twice daily) versus placebo for 3 months showed
efficacy among subjects randomized to cimeti-
dine, with reductions in symptom score, nocturia
and suprapubic pain.”*! Interestingly, all patients
had initial bladder biopsies showing a chronic
inflammatory infiltrate. There was no apparent
difference in mast cell findings on bladder
biopsy before and after cimetidine. In in vitro
experiments, pentosan demonstrates antihista-
mine activity.[#]

Low-dose amitriptyline is widely used to
minimize visceral pain and has been proven effec-
tive in randomized double-blind trials.[®®! Some
recent unblinded trials have shown efficacy using
immune modulators such as ciclosporin, albeit
with significant adverse effects.”7-°81 Off-label use
of gabapentin has been used, although no data
have been published on its efficacy for PBS/IC.

Intravesical therapy includes repetitive instil-
lations of various medications, such as dimethyl
sulfoxide (DMSO), pentosan, the combination of
lidocaine with heparin and bicarbonate (‘thera-
peutic solution’), bacillus Calmette-Guérin
(BCG), and chondroitin sulfate.[*®-1021 DMSO
was the first therapy approved for IC in the US.
DMSO was superior in a prospective, rando-
mized, double-blind study comparing intravesical
DMSO versus BCG, showing reductions in pain
in both non-ulcer and ulcer forms of IC, and re-
ductions in frequency in ulcer forms of IC.[1931 A
Cochrane review of intravesical therapies con-
cluded that data on intravesical DMSO were
limited, generally showing no apparent differ-
ences from placebo.l'% The profound garlic
breath patients experience with DMSO will likely
prevent truly blinded trials from being con-
ducted.[' Intravesical botulinum toxin A
has been advocated by some, but results have
been unsatisfactory.['% Intravesical ‘therapeutic
solution’ has been tested with various combina-
tions of lidocaine and bicarbonate, with or with-
out heparin.[3%100.101.1071 - Alkalinized lidocaine
crosses the urothelium and it is thought that it
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downregulates bladder sensory afferents.[190-108]
In a randomized double-blind trial, a combina-
tion of lidocaine and bicarbonate was proven to
be effective compared with placebo.l'°71 Open-
label trials with combined lidocaine, heparin and
bicarbonate show efficacy for voiding frequency,
nocturia, pain, dyspareunia and multiple do-
mains of female sexual function.[100:101.109]

In particular, urethral dilations have long
been advocated by some clinicians.[''® This
procedure is less often used currently than his-
torically.l''!l There appears to be no compelling
data to support its use, with little evidence that
patients have urethral stenosis or that patients
benefit.[1-5¢]

2. PBS/IC in Children
2.1 PBS/IC is Similar in Children and Adults

PBS/IC in children has been subject to few
reports and the reports are mostly from older
literature. These reports are from previous eras
when IC was diagnosed only in the setting of a
suggestive history and physical examination, with
a cystoscopy with hydrodistension under anaes-
thesia showing a reduced bladder capacity and
submucosal petechial haemorrhages (glomerula-
tions) or a denuded patch of urothelium (Hun-
ner’s ulcer).l'>1%1 Thus, these older publications
of paediatric PBS/IC reported only on children
with more severe disease (NIDDK-type criteria)
compared with the more current (and con-
troversial) practice of diagnosing patients based
on clinical criteria, so there may be some selection
bias. Notwithstanding these concerns, these older
reports show that children with PBS/IC present
similarly to adult PBS/IC patients. Children in
these reports presented mostly with urinary fre-
quency, and also had evaluations that were nega-
tive for infection, tumour, stones or any obvious
pathology to explain their symptoms. In one 1970
report from a large paediatric urology practice,
21 cases were identified. The chief complaint was
frequency and the second most common com-
plaint was enuresis.l!*!!?1 In a more recent report,
of 16 patients, 88% presented with frequency and
sensory urgency and 81% had lower abdominal
pain relieved by voiding.!'
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A caveat in the paediatric PBS/IC reports
is that diagnosis was established by cystoscopy
with hydrodistension under anaesthesia show-
ing reduced anaesthetic bladder capacity, sub-
mucosal petechial haemorrhages (glomerulations)
or Hunner’s ulcer. Bladder biopsy findings were
nonspecific, as reported in adult series. By relying
on NIDDK-type criteria, it is possible that pa-
tients with less severe, early-phase disease were
missed.[*3¢-1131 Temporary symptom improve-
ment after anaesthetic cystoscopy with hydro-
distension was also reported.'! In the 1970
publication, one of the diagnostic criteria was
‘dramatic relief of symptoms after diagnostic
distension’, so 100% of paediatric PBS/IC patients
responded.'*! Given that adult series of PBS/IC
generally note a 60% response rate to anaesthetic
hydrodistension, it is possible that the authors
defined paediatric PBS/IC arbitrarily, as they
excluded children whose therapy failed. In a 2006
publication in which 18 PBS/IC patients aged
15-25 years were studied, 55% of subjects re-
sponded to hydrodistension, similar to adult
data [56:113]

Behavioural issues (neurotic behaviour, chronic
anxiety, environmental stressors) were also com-
monly identified in paediatric PBS/IC reports, not
dissimilar to adult presentation.l'>!410] In effect,
children with PBS/IC present remarkably similarly
to adults with PBS/IC (table I).

A review article from 2004 articulated the
dilemma in paediatric PBS/IC.[''* The diagnostic
criteria are debatable, the NIDDK criteria
exclude the diagnosis under age 18 years, and the
literature hints that patients tend to progress over
time if left untreated. The concern is that a child
presenting with suggestive symptoms should
prompt PBS/IC within the differential diagnosis;
diagnosis should be expeditious so symptoms can
be controlled, and also to prevent progression
that may occur if left untreated. As stated by
Ratner: “Many urologists think that IC does not
exist in the pediatric patient population, or that it
is exceedingly rare. Many cases of voiding dys-
function in children are self-limiting. How many
of these cases are actually early IC...?... Should
we be aggressively treating these children who
exhibit signs of voiding dysfunction or IC in early
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childhood to avoid the re-emergence of the dis-
ease later in life? Or are the risks of general an-
esthesia and a major urologic workup too great in
children whose symptoms may spontaneously
resolve, never to re-appear? Would early treat-
ment of children with symptoms of IC increase
the chances of permanent remission? Approxi-
mately 25% of IC patients report that they were
plagued with chronic urinary tract problems as
children”.[''3] What diagnostic criteria in chil-
dren would be sufficient for a clinician to feel
confident of diagnosis and to initiate long-term
therapy?!'9l It is likely this question will not be
answered satisfactorily until a diagnostic marker
is demonstrated and gains acceptance. In the
meantime, clinicians who care for paediatric
PBS/IC patients will face the same dilemma that
urologists with adult patients face.

An obvious challenge in diagnosing paediatric
PBS/IC on the basis of clinical presentation is
that the presenting symptoms and signs attribu-
table in adult PBS/IC may not translate to chil-
dren. Dyspareunia is seen in 46-87% of adult
patients.[1%-53-331 (One hopes that) children are not
sexually active. Dyspareunia may be present in
some adolescents. Similarly, perimenstrual and
menstrual flares cannot occur in the pre-
menarchal age group. Up to one-third of adults
with PBS/IC have a history of prior sexual abuse
or domestic violence that may have produced
longstanding central sensitization.[**44 It may be
difficult to elicit such information in the typical
setting where the child is accompanied by their
parent. The physical examination in adults is
useful to exclude any obvious mimicking dis-
orders (vulvodynia, vaginitis, vaginal or cervical
infection, active genital herpes, pelvic floor
dysfunction, cervical motion tenderness, rectal
tenderness or faecal impaction).l!->40411 Many
children and adolescents will not or cannot parti-
cipate in a vaginal and rectal examination to
detect tender areas. The remaining aspects of
history and examination that can typically be
elicited then are as follows: voiding frequency,
nocturia, continence, urinary infection, food and
fluid intake history and triggers, pain, and ab-
dominal and back examination. Thus, the pae-
diatrician is limited in their ability to discriminate
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PBS/IC from multiple other mimicking disorders
using clinical criteria.

2.2 Evaluation and Diagnosis

History and physical examination should
elicit voiding frequency, nocturia, age of toilet
training, continence, enuresis, bowel habits, urinary
infections and haematuria. A voiding and fluid
intake diary may be instructive. Healthy children
typically void 5-6 times per day, with a slight
decrease in the number of daily voids as children
age.[''” In adults, PBS/IC patients typically void
approximately every hour or more frequently.
Thus, it seems logical that, as healthy children
void as frequently as healthy adults, a child with
increased voiding frequency (>8 times per day) is
unusual, and certainly a voiding frequency bor-
dering on every hour is statistically abnor-
mal.l''81191 Young children may localize pain
poorly (abdomen, pelvis, suprapubic area, ure-
thra, vagina, perineum), and often describe pain
or dysuria after drinking citrus or cranberry juice
or cola beverages.['%!15] Dietary triggers, pain
triggers, menstrual history and social stressors
should also be elicited. Voiding frequency is the
most common chief complaint among paediatric
PBS/IC patients.[1>16:114] Posturing, squatting,
Vincent’s curtsy or any signs of motor urgency
are invariably absent.l'®l In the senior author’s
(Teichman) experience, several observations of
paediatric PBS/IC seem consistent: paediatric
PBS/IC typically presents as voiding frequency
and pelvic pain or discomfort, often associated
with specific food triggers. Paediatric PBS/IC
patients often do not present with nocturia,
perimenstrual flares or dyspareunia, except in
older adolescents.['®) Moreover, many paediatric
PBS/IC patients have had urodynamic testing
prior to referral, and all have had low volumes
of first sense of filling, first urge to void and
capacity, with normal compliance, no unstable
detrusor contractions and normal voiding para-
meters. In other words, urodynamics consistently
show hypersensitivity.

However, there are other conditions asso-
ciated with increased voiding frequency, includ-
ing bacterial cystitis, bladder stone or foreign

Drugs 2009; 69 (3)



Paediatric Painful Bladder Syndrome/Interstitial Cystitis

289

body, vesicoureteral reflux (with ‘yo-yo’ of urine
between bladder and upper tracts), neurogenic
bladder, extraordinary urinary frequency of
childhood and dysfunctional voiding. Bladder-
associated pain would suggest PBS/IC, bacterial
cystitis, bladder stone or foreign body. However,
the absence of pain may not necessarily exclude
PBS/IC. A urinalysis and urine culture should
identify infection or haematuria, which should
prompt consideration of several of these condi-
tions and appropriate testing. Neurogenic blad-
der should be suspected on the basis of history
and examination (back and spine, gait, perineal
sensation). In the presence of documented
urinary infection or haematuria, a renal and
bladder ultrasound is indicated, although it is
common practice for many paediatricians and
urologists to order an ultrasound for any of the
presentations discussed previously. A voiding
and fluid intake diary may be beneficial in the
evaluation of any child with frequency, whether
they have PBS/IC or not. The diary is non-
invasive and provides documentation of voided
volumes, voiding frequency, nocturia, incon-
tinence and also fluid intake. The occasional pa-
tient will have a large fluid intake or large intake
of caffeinated drinks, which might not be re-
cognized simply by history.l->48:3¢1 According to
published reports on PBS/IC in children, ex-
amination is almost always unremarkable except
for frequent observation of ‘anxiety’.l!41¢] Pelvic
examination may reproduce pain on bladder base
palpation, but it is likely that most children will
not permit an adequate pelvic examination.[''4!
A separate condition of extraordinary urinary
frequency in childhood has been reported.[!20-123]
This condition is described as abnormally in-
creased diurnal frequency in a completely toilet-
trained child with normal urinalysis. Of the four
studies listed, some important points emerge.
There was roughly equivalent distribution be-
tween boys and girls, ages were 2—14 years, onset
was typically sudden, and almost all children had
normal kidneys and kidney function, lack of ur-
inary or systemic infection, and normal tests.
Spontaneous resolution after several months was
commonly observed, although long-term follow-
up was not specified. Common themes were
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psychosocial stressors (14 of 26 children in one
study'?l and 22 of 28 children in another
study!"?%) and occurrence of symptoms during
the school year.[l13:121.1221 Antibacterials and
anticholinergic agents were ineffective.['21:123] In
one study,['?3 9 of 26 children had large intakes
of provocative beverages (black or ice tea; or-
ange, apple, grape, grapefruit or tomato juices;
acidic juices). Once these beverages were elimi-
nated, symptoms resolved in 7 of 9 children. In
other words, it is unclear whether extraordinary
urinary frequency of childhood is a separate dis-
ease entity or PBS/IC. A dilemma is that daytime
frequency in the absence of any other symptoms
may be isolated and self-limited, and not require
any further work-up or therapy.[''% A reasonable
approach would be to exclude infection, elim-
inate food triggers and re-evaluate.

Dysfunctional voiding is a nonspecific term in
the paediatric urology literature, and does not
connote one specific underlying disorder. It is
estimated that dysfunctional voiding accounts
for 20-30% of the typical paediatric urology
practice. It includes children with urinary tract
infection, constipation or encopresis, inappro-
priate sphincter relaxation (failure of sphincter
relaxation during micturition) and the ‘urge
syndrome’ (idiopathic detrusor instability in
children). In these varying conditions, when
treated with conservative measures (biofeedback,
anticholinergics, psychological counselling),
87-91% of children show resolution with long-
term follow-up (over 2.5 years).l'?*1251 Approxi-
mately 10% of children with urge syndrome
do not respond to these conservative mea-
sures.l>*1251 Thus, a child with urgency/
frequency who does not respond to these thera-
pies should prompt consideration of either
further diagnostic testing (urodynamics) or an
alternative diagnosis (such as PBS/IC).

There are no accepted confirmatory tests for
diagnosis, even in adult PBS/IC.I A consistent
dilemma has been that a positive test indicates
disease, whereas a negative test does not neces-
sarily exclude disease.’! The literature on
PBS/IC demonstrates that paediatric urologists
traditionally have diagnosed PBS/IC only in the
presence of cystoscopic and hydrodistension
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findings of submucosal petechial haemorrhages
(glomerulations) or Hunner’s ulcer.['?-10] How-
ever, similar to adults, children thought clinically
to have PBS/IC may not show positive findings
(glomerulations, Hunner’s ulcer or reduced an-
aesthetic capacity).['2%! It is relevant for clinicians
to understand that positive findings (glomerula-
tions, Hunner’s ulcers, aged-adjusted reduced
capacity) may be instructive, but negative find-
ings do not exclude disease, and clinicians will
still face the dilemma of treating in the presence
of negative findings.[3%-68:69.7L1141 Some authors
advocate urodynamic tests in children to exclude
detrusor instability and to confirm sensory ur-
gency (small capacity bladder with early sensa-
tion and urgency).['®) We and others advocate
that a voiding diary is likely to provide as much
information.% 1141261 A recently proposed test is
to place ‘therapeutic solution’ (a combination of
lidocaine, heparin and bicarbonate; see table I1I)
into the bladder for 1 hour. If pain is reduced by
>50%, the test is considered positive.[>%71,107.108]
Few data are available on the use of ‘therapeutic
solution” as a diagnostic test, but it is better tol-
erated than a potassium test, probably has similar
caveats (a negative test may mean little) and
would only be useful if the child had pelvic pain at
the visit at which the test was performed. In the
end, the clinician will diagnose children with
PBS/IC primarily on the basis of clinical pre-
sentation, negative urinalysis and urine culture,
with or without confirmatory findings on any of
the proposed tests (table IV).

Historically, many of these symptomatic chil-
dren (and adults) would have been treated for
urethral stenosis. This diagnosis is controversial.
True urethral stenosis is rare. Even in 16 adult
patients who presented to our care with this
diagnosis, all easily accommodated passage of
a 22 Fr cystoscope in the urethra.’® We think
urethral stenosis is a misdiagnosis in most
patients and probably represents PBS/IC. This
point is not trivial, as our experience indicates
that many young women (aged around 20 years)
who we diagnose with PBS/IC often describe other
care providers as having performed urethral dila-
tions at onset of symptoms, typically 3-5 years
earlier.l'19-1111 However, older data obtained on
asymptomatic girls showed that the mean
diameter of the urethra ranges from 14 Fr in
2-year-olds to 27Fr in 18-year-olds.[''?l Even
in newborn girls, the mean calibre is 16 Fr.[1?7]
Barring documentation of urethral calibre
<14 Fr, urethral stenosis is not an appropriate
consideration, and urethral dilation, although
sometimes performed in children with dysfunc-
tional voiding, has no scientific basis.!'?%]

2.3 Treatment

There are no available randomized, blinded
therapeutic trials of paediatric PBS/IC, so the
only published data represent retrospective ser-
ies, with no peer-reviewed published data more
recent than 1996. Treatment of paediatric PBS/IC
includes dietary and fluid management. Most

Table IV. Evaluation of suspected paediatric painful bladder syndrome/interstitial cystitis (PBS/IC)

Evaluation/diagnostic test Mandatory/optional Useful data consistent with PBS/IC

History Mandatory Urgency, frequency, nocturia, pain

Physical Mandatory Normal, or suprapubic or bladder tenderness

Urinalysis and culture Mandatory Negative

Voiding diary Optional Normal or reduced fluid intake, frequent small
(recommended) voided volumes

Validated instruments (pain urgency frequency, Optional Increased scores

O’Leary Sant)

Urodynamics Optional Sensory urgency

Alkalinized lidocaine challenge Optional Reduction in pain with instillation

Renal/bladder ultrasound Optional Indicated for other urologic considerations

Cystoscopy with hydrodistension under anaesthesia Optional Hunner’s ulcer, reduced anaesthetic capacity,

glomerulations
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paediatric patients or their parents (and clini-
cians) are unwilling to initiate amitriptyline for a
paediatric condition. In the older adolescent,
amitriptyline 10-75mg 1 hour before bedtime
may be indicated to reduce neural activation and
upregulation (i.e. reduce pain). It is important to
educate the patient that amitriptyline is being
used off-label for pain control, otherwise some
patients upon reading the pharmacy printout of
this antidepressant may falsely assume that you
are dismissing their complaints and treating them
as ‘crazy’.>! In a randomized double-blind study
of adult PBS/IC patients in which patients could
self-titrate the drug, the mean dose was 55 mg.[°%
Adverse effects included fatigue, dry mouth,
constipation, palpitations, weight gain and ur-
inary retention, and were dose dependent.
Gabapentin is often used in adults at high doses
(up to 900 mg orally three times daily) off-label
for pain control, particularly when amitriptyline
is ineffective or not tolerated. Given its adverse
effects of sedation and nightmares, we think many
clinicians would be reluctant to use gabapentin in
children.[

Pentosan polysulfate is indicated only in
adults and no safety studies have been conducted
in patients aged <18 years. The approved dosage
is 100 mg three times daily for an adult (70 kg).
Dose administration is by bodyweight, for ex-
ample a 40-kg child would be administered
100 mg twice daily. The main adverse effects are
digestive signs (gastrointestinal discomfort, diar-
rhoea) and alopecia (usually more strands of hair
fall out with combing or brushing, rather than
chemotherapy-type baldness), each occurring in
<4% of patients. Long-term therapy (>3 months)
is typically required in adults and continuous
administration is required for persistent effi-
cacy.[®’l Without safety studies in children, we
cite animal data showing pentosan administered
to rats aged up to 2 years in doses of up to
252mg/kg five times per week had no carcino-
genic activity in most strains of rats; however, in
one strain of rats, increased liver haemangio-
sarcomas were seen at a dose of 504 mg/kg but
not at lower doses.!'?! Inflammatory findings in
bowel, liver or lymph nodes were seen at doses
>250mg/kg in 3-month studies. These animal
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data provide reasonable assurance of the safety of
long-term pentosan at typical doses (<5 mg/kg/day).
However, without published data on pentosan
efficacy and safety in children, some clinicians
may feel reluctant to initiate long-term therapy,
even with proven efficacy and safety in adults.

Hydroxyzine is a combined-action anxiolytic-
antihistamine. Its main adverse effect is sedation,
which usually improves once tolerance occurs,
typically after 3—4 weeks of continuous adminis-
tration.’%% The adult dose is typically
10-50mg, and the usual dose is 25mg taken
1 hour before bedtime.®l In children aged
<12 years, hydroxyzine may be administered at
5-10mg at bedtime. The adult PBS/IC literature
supports use of the H,-receptor antagonist
cimetidine.[®>! There are no published studies for
paediatric PBS/IC using cimetidine. Its use for
gastroesophageal reflux disease shows it can be
safely used in children.'3% Cimetidine may be a
reasonable alternative to hydroxyzine without
risk of sedation. A dosage regimen is shown in
table III.

Intravesical instillations of therapeutic solu-
tion have not been reported in children, although
our anecdotal experience with adolescents sug-
gests it is well tolerated and works as well as it
does in adults. After ‘coaching’ adolescent
patients to try a single instillation, we have seen
these patients return weeks later asking for repeat
instillations. Intravesical DMSO has been re-
ported to work initially in a case report of a
4-year-old girl, although the authors comment-
ed that she required additional intravesical ther-
apy with an unspecified second-line regimen.!'3!]
DMSO sometimes produces transient pain, in
addition to a profound garlic breath. We believe
many clinicians would prefer therapeutic solution
over DMSO as instillation therapy for paediatric
PBS/IC patients. Although opioid analgesics are
sometimes used in adult patients with refractory
pain, it is likely that many clinicians would be
reluctant to place children on long-term opioids.

An issue that has emerged with adult experi-
ence in managing PBS/IC is that management is
long term.’!l Using the experience with oral
pentosan as a benchmark (since it is as well
studied as any other treatment for PBS/IC),
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one factor contributing to success of treatment
is long-term compliance.®3 Similarly, the adult
responder rate increases over time, so that,
although approximately 20-25% of adult patients
respond at 1 month, over 50% of patients are
responders by 6 months.”3 It is likely that once
neural activation and upregulation have oc-
curred, downregulation does not necessarily
occur as soon as the bladder is treated.”!! Central
sensitization may also be an important fac-
tor.33:38:391 Downregulation may take months
after treatment of the bladder is implemented.
For these reasons, when a diagnosis is made and
management instituted, it is worthwhile to set
realistic expectations with the patient (and par-
ents) that initial response may take months,
management may be long term, and dietary and
lifestyle compliance may be important. In parti-
cular, for the prepubescent PBS/IC patient,
symptoms may flare at the onset of menarche
(and may require the addition of antihistamines)
and may be triggered if the adolescent becomes
sexually active. Our own experience, although
limited with this population, is similar to that in
other chronic diseases of childhood in that some
adolescents ‘rebel’ and become less compliant
with their therapy. The clinician must be patient
and persistent to try to re-educate these patients
about their disease and management.

3. Conclusions

PBS/IC presents similarly in both adults and
children. The most common paediatric presenta-
tion of PBS/IC is urinary frequency and abdo-
minal pain is also common. Food triggers are
described in a subset of adults and children. Un-
like adults, enuresis may be a common presenting
feature in children. Common adult triggers such
as menses and vaginal intercourse may not be
relevant in children. Diagnosis is by exclusion
and there is currently no definitive test. Man-
agement includes dietary and lifestyle modifica-
tions. Lack of data on outcomes of paediatric
PBS/IC treated with pharmacological agents
makes firm recommendations problematic,
although pentosan, amitriptyline, hydroxyzine
and cimetidine may be options. Intravesical op-
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tions include ‘therapeutic solution” or DMSO. It
is important that patients are treated long term.
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