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Abstract

Overactive bladder (OAB) is a highly prevalent disorder in the 
pediatric population. This condition is especially troublesome for 
pediatric patients and their families when associated with inconti-
nence, since it negatively affects self-esteem and impairs children’s 
development. From the patient’s perspective, urgency and urge 
incontinence can have a significant impact, negatively affecting 
their quality of life. For a therapy to have true benefit, changes 
must not only be statistically significant, but must also be perceived 
as meaningful by the patient. A stepwise approach is favoured to 
treat this pathology, starting with behavioural therapy, followed by 
medical management, and eventually more invasive procedures. 

Antimuscarinic agents are the mainstay of medical treatment for 
OAB. Oxybutynin is the most commonly used antimuscarinic in the 
pediatric population. However, some patients have a suboptimal 
response to antimuscarinics and many experience bothersome side 
effects, which have been documented with all antimuscarinics to 
a significantly higher degree than placebo. Although there have 
been reports about the use of tolterodine, fesoterodine, trospium, 
propiverine, and solifenacin in children, to date, only oxybutynin 
has been officially approved for pediatric use by medical authorities 
in North America. 

This review will address alternative treatment options for pedi-
atric patients presenting with OAB, from conservative measures to 
more invasive therapies.

Introduction

As per the International Children’s Continence Society, over-
active bladder (OAB) is “urinary urgency, usually accom-
panied by frequency and nocturia, with or without urinary 
incontinence, in the absence of urinary tract infection or 
other obvious pathology,”1 and it is the most common void-
ing dysfunction in children.2 According to two fairly recent, 
large-scale studies, the prevalence of OAB in children is in 
the 15‒20% range.3-4 Those studies both reported a higher 

prevalence of OAB in boys. Chung et al noted a decreasing 
prevalence of OAB with age, from 23.0% at five years old 
down to 12.2% at 13 years old.4

OAB has a damaging impact on quality of life5 and a 
negative influence on social, emotional, and behavioural 
well-being.6 Quality of life improvement is at the foundation 
of OAB treatment, which can often be challenging and might 
involve multiple failed attempts before success is achieved.

This article will focus on the management of OAB in 
children, including discussion about medications and more 
invasive treatment modalities not yet approved for use in 
this population.

Diagnostic workup

See previous article by Dos Santos et al on the diagnosis 
and treatment of bladder and bowel dysfunction in children.

Conservative management

Children and families need to be educated about OAB and 
expectations from the different management options in order 
to have realistic treatment goals. In any case, timed voiding 
every two to three hours during daytime, should be instituted 
early on7 and the child should have sufficient periods of time 
to achieve complete emptying. Parent and school collabora-
tion is critical to the establishment of this voiding routine 
and positive reinforcement with rewards or a multi-alarm 
watch might be helpful for this endeavor. In terms of voiding 
technique, children should void with their legs spread apart 
and a footstool should be used for the child’s heals to touch 
the ground if the toilet does not have a proper height. A 50% 
improvement rate of frequency and urgency symptoms has 
been reported in children after simple behavioural therapy.8

Concerning fluid intake, it has to be regular during the 
day, but minimalized towards bedime. Beverages that can 
trigger urgency and frequency symptoms, such as those con-
taining caffeine, chocolate or citrus, and carbonated bever-
ages should be avoided.

 Until proven otherwise, all children with bladder disor-
ders are constipated,9 hence the necessity for prompt and 
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aggressive bowel management in these patients. In a 1997 
article, Loening-Baucke reported that the relief of chronic 
constipation resulted in disappearance of daytime urinary 
incontinence and nighttime incontinence in 89% and 63% 
of patients, respectively.10 Because parents are often not 
the best judges of their children’s bowel habits, children 
must be questioned directly on the subject. The Bristol stool 
scale is an invaluable tool for this purpose. Staying well 
hydrated and having a high-fiber diet are fundamental to a 
good bowel regimen. Laxatives are often necessary and an 
initial bowel clean-out is occasionally required.

Biofeedback therapy allows better understanding and per-
ception of the pelvic musculature and, therefore, induces 
greater pelvic floor control. Significant improvements are 
anticipated not only in children with dysfunctional voiding, 
but also in those with OAB.11

When the decision is taken to introduce a medication 
in the treatment plan of the child with OAB, conservative 
measures must be continued.

Pharmacological treatment options

Oxybutynin

The immediate-release (IR) (Ditropan®) and extended-release 
(ER) (Ditropan XL®) formulations of oxybutynin are currently 
the only pharmacological agents approved for the treatment 
of OAB in children in North America.12

Although IR oxybutynin is the antimuscarinic agent with 
the longest history of use in children, no studies have yet 
compared it to placebo. Its use in the pediatric population is 
based on small observational studies and extrapolated from 
its use in adults. Side effects include xerostomia, dry eyes, dry 
skin, constipation and gastrointestinal disturbances, flushing, 
blurred vision, dizziness, and sleep difficulties, which can 
be sufficiently bothersome to necessitate reduction of the 
dose or discontinuation of the medication.13-16 IR oxybutynin 
is offered as a 5 mg tablet and a 1 mg/ml suspension. The 
recommended daily dose is 0.3‒0.6 mg/kg and the maximum 
dose is 15 mg/kg/day. For children over five years of age, a 
5 mg dose twice daily is an appropriate starting regimen and 
the dose can be increased to three times a day if symptoms 
persist. The main drawbacks of IR oxybutynin are its side 
effect profile and its administration schedule.

ER oxybutynin has been shown to be superior to the IR 
form in various studies.17-19 For instance, Van Arendonk et al 
reported cure or significant clinical improvement in 48% of 
the children they evaluated after they switched from the IR 
to the ER formulation.17 Preliminary studies reported less fre-
quent adverse effects with ER compared to IR oxybutynin,18

but other studies did not note a difference.17 ER oxybutynin is 
administered once daily and is available as a 5 mg or 10 mg 

tablet which, unfortunately, needs to be swallowed intact. In 
children over five years of age, one should start with a 5 mg 
tablet and increase the dose progressively, up to a maximum 
of 20 mg/day, until therapeutic efficacy is achieved.

There is a paucity of literature on the use of the oxybu-
tynin transdermal delivery system (Oxytrol®) in children. The 
only paper addressing the subject is from the Toronto group. 
In 2014, they reported a subjective symptomatic improve-
ment in 96% of their patients, 69% of which had prior expo-
sure to oral oxybutynin.20 They stated skin irritation as the 
most common side effect, with a 35% occurrence rate. The 
transdermal system comes in the form of an adhesive patch 
delivering 3.9 mg of oxybutynin per day and that needs to 
be changed twice per week. The patch needs to be applied 
to dry, intact skin on the abdomen, hips, or buttocks, and 
reapplication to the same area should be avoided within a 
one-week period.20 A second partial or complete patch can 
be applied if the initial dosage is unsatisfactory.

Efficacy of the topical gel formulation of oxybutynin 
(Gelnique®) has been demonstrated in adults with OAB in 
two randomized, placebo-controlled trials.21,22 However, as 
of now, there is no data on its efficacy or safety in children.

Intravesical instillations of a single dose of oxybutynin 
have shown promising results in adults.13,14 Improvements 
have also been reported in children with neurogenic OAB,13,23

but no studies have yet been conducted in neurologically 
intact children, possibly because of the need for catheteriza-
tion. Intravesical oxybutynin has not been associated with 
significant side effects.14,23-25 The solution is usually prepared 
by crushing and dissolving a 5 mg tablet of oxybutynin in 
30 mL of distilled water. For the non-neurogenic patients, 
intravesical instillations should be reserved for refractory 
cases and highly motivated children and families, who are 
willing to perform catheterization in a sensate urethra.

Investigational drugs

Other antimuscarinic agents

The IR release (Detrol®) and ER (Detrol LA®) formulations of 
tolterodine are currently approved for the treatment of OAB in 
adults. Several studies have supported its efficacy and tolerabil-
ity in children.26-29 Although Reinberg et al have shown that ER 
oxybutynin is more effective than both forms of tolterodine for 
the control of daytime urinary incontinence and frequency,19

a review by Medhi et al advocated that tolterodine was as 
effective as oxybutynin, but with fewer side effects.28 Bolduc 
et al reported in their study that 77% of children who were 
started on tolterodine because they could not tolerate oxybu-
tynin continued treatment with no significant side effects.27 The 
IR tolterodine formulation is available as a 1 mg or 2 mg tablet 
and the ER formulation is available as a 2 mg or 4 mg tablet.
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Fesoterodine (Toviaz®) is the newest ER antimuscarinic 
agent and comes as a 4 mg or 8 mg tablet. Its efficacy is based 
on the same active metabolite (5-hydroxy-methyltolterodine 
[5-HMT]) as tolterodine, but with less pharmacokinetic vari-
ability.30 In a 2012 study, Malhotra et al demonstrated that 
daily administration of fesoterodine in children over 25 kg 
produced similar 5-HMT plasmatic concentrations as those 
seen in aduls and that the medication was safe and tolerable 
in children.31 Our group is presently conducting a random-
ized, double-blind, crossover study comparing the efficacy 
and tolerability of fesoterodine and ER oxybutynin in 60 
children with OAB as well as a 12-month extension study 
to assess the efficacy and safety of fesoterodine. Both studies 
are still recruiting patients (see Clinicaltrials.gov).

Solifenacin (Vesicare®) is another long-acting antimusca-
rinic molecule and is offered as a 5 mg or 10 mg tablet. In a 
retrospective study of 138 children treated with solinefacin 
for 23 months, Hoebeke et al noted an overall response 
rate of 85% and occurrence of side effects in 6.5% of their 
population.32 In a prospective, open-label trial on 72 chil-
ren, Bolduc et al noted improved continence in all of their 
patients, but because of unmanageable side effects, four 
of their patients had to withdraw from the study.33 In an 
extension of this study, Nadeau et al reported an overall 
success rate of 94%, with greater benefits being observed 
with higher doses.34 Newgreen et al presented results from 
a phase 3, randomized trial. They compared solifenacin 
and urotherapy to placebo and urotherapy in the treatment 
of children with OAB. They noted a greater increase in the 
mean voided volume in the solifenacin group, as well as 
a significant decrease in urinary frequency when analyses 
were adjusted for change in fluid intake.35 In an extension 
of this study, Bosman et al reported that solifenacin was 
effective and well tolerated in children.36

Trospium (Trosec®, Sanctura®) is available as a 20 mg 
tablet in Canada. Early trials in children showed promising 
results,37,38 but no new reports have been published in the 
last decade. At the 2015 European Society for Paediatric 
Urology (ESPU) Congress, Wright et al presented a retro-
spective study of 13 children, most of which had a previous 
history of central nervous system (CNS) adverse events while 
on other antimuscarinic agents. Only one child had CNS 
side effects while on trospium.39

Propiverine for OAB treatment is neither approved for 
adults nor children in Canada and the U.S. (approaval under 
evaluation), but it is available in Europe and Asia in IR and 
ER formulas (23 countries). Its efficacy in children has been 
assessed in a multicentre, placebo-controlled, double-blind 
study that demonstrated significant improvement in urinary 
frequency, incontinence episodes and mean voided vol-
ume.40 Kim et al reported an overall response rate of 86.8% 
in a retrospective review of 68 children.41 A multicentre, 
observational, cohort study comparing propiverin to oxybu-

tynin demonstrated that propiverine was at least as effective 
as oxybutynin and that it had a favourable tolerability profile 
over oxybutynin.42

Beta-3 agonist 

Mirabegron (Myrbetriq®) is a beta-3 agonist approved for 
the treatment of OAB in adults and is available as ER tablets 
of 25 mg and 50 mg. Its efficacy and tolerability in adults 
has been recognized in five large-scale, phase 3, random-
ized, controlled trials.43 Side effects commonly encountered 
with antimuscarinics, such as xerostomia, constipation, and 
headaches, have not been reported more often than placebo 
with mirabegron.44 Because of minor changes in heart rate 
and blood pressure observed with mirabegron, a periodic 
monitoring of blood pressure is warranted for patients with 
cardiovascular morbidities taking this medication.45 There is 
very scarce data on the use of mirabegron in the pediatric 
population. Blais et al enrolled 58 children with refractory 
OAB in a prospective, open-label study, and treated them 
with mirabegron for 11.5 months. They reported a statisti-
cally significant improvement in bladder capacity and con-
tinence with the occurrence of mild or moderate side effects 
in eight patients.46 Mirabegron might be considered as an 
off-label option in children who cannot tolerate antimusca-
rinics or with refractory OAB.

Dual therapy

Combination therapy with two antimuscarinics has been 
minimally studied in the pediatric population. Bolduc et 
al reported on 33 children treated with dual antimusca-
rinic therapy. Continence was improved in all patients with 
refractory OAB, but mild or moderate side effects were 
reported in 63% of patients. However, they were not severe 
enough to necessitate discontinuation of the medication.47

In a 36-month extension phase of this study including 56 
patients, 41% of patients were dry and 32% were improved; 
50% experienced mild or moderate side effects, with two 
patients requiring a different treatment regimen because of 
troublesome side effects.48 Our group also recently reported 
on a prospective, open-label study to assess dual therapy 
with an antimuscarinic agent and mirabegron. Our results 
are promising, with improvement of continence in all 35 
patients and mild side effects in only four patients.49 Finally, 
in 2016, Fahmy et al evaluated 72 children with persistent 
urinary symptoms despite taking an optimized dose of oxy-
butynin, and treated with an add-on dose of trospium. Their 
overall success rate was 68%, with 57% of children report-
ing no side effects. However, two patients had to withdrew 
from the study because of unbearable side effects.50
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Medication adherence and persistence

Medication adherence and persistence are central to any treat-
ment success, but literature pertaining to the pediatric popu-
lation with OAB is lacking. Adherence is dreadful in adults 
taking antimuscarinic medications, with one recent study 
reporting adherence rates at 12 months of 35.8, 31.9, and 
30.9% for fesoterodine, solifenacin, and tolterodine, respec-
tively.51 In a study pending publication, our group noted a 
medication possession ratio over 80% in only 64% of children 
treated with antimuscarinics.52 Although this is better than 
what has been described in adults, strategies are required to 
increase adherence and, thus, improve treatment efficacy.

Persistence to antimuscarinic agents is also appaling in 
adults, with Wagg et al showing that only 14‒35% of patients 
remained on their initial therapy at 12 months.53 Our group 
recently published a restrospective review of 374 children 
treated with antimuscarinics over a four-year period, at the 
end of which only 11.8% of patients were still taking an 
antimuscarinic medication.54 Even though a percentage of 
the children who discontinued their antimuscarinics might 
be attributable to the disappearance of OAB symptoms, 
persistence in children must be further investigated, as it 
definitely influences treatment success.

Invasive treatment options

Intradetrusor injections of botulinum toxin

Although injections of botulinum toxin A (BoNTA) have 
been approved for the treatment of OAB in adults for a 
few years, they are currently solely offered as an off-label, 
second-line option in children. Several formulations of the 
toxin are available, but most studies concern onabotulinum-
toxinA (Botox®, 100 unit vials, Allergan, Irvine, CA, U.S.). 
BoNTA is contra-indicated in patients with peripheral motor 
neuropathic diseases, neuromuscular junction disorders, 
active untreated urinary tract infection (UTI), uncorrected 
coagulopathy, and pregnancy. Additionally, since BoNTA 
dose is cumulative, precautions should be taken when treat-
ing children with spasticity, as they may be receiving BoNTA 
at other sites in the same time period. The suggested age 
threshold for BoNTA use in children is three years old55 and 
the recommended dosage is 5‒10 units per kilogram of body 
weight.55 For children with idiopathic OAB, 50‒100 units are 
commonly used,56 while up to 200‒300 units can be used 
for those with neurogenic OAB. The estimated lethal dose is 
estimated at 40 units per kilogram. The technique of injec-
tion is similar as in adults with the exception that the proced-
ure is almost exclusively performed under general anesthesia 
in the pediatric population. Prophylactic antibiotics are rec-
ommended, but aminoglycosides should be avoided, as they 

are known to potentiate the effect of BoNTA. The effect of 
BoNTA injections in children lasts from 5‒12 months with 
no apparent tachyphylaxis.56 Repeated injections should be 
spaced by a minimum of 12 weeks. Side effects, such as 
pain, UTI, hematuria, and autonomic dysreflexia, occur in 
20% of patients and are mostly procedure-related.57 From 
2‒9% of patients will experience partial or complete urinary 
retention following the injections.56,58 Thus, children and 
families must be willing to perform clean intermittent cath-
eterization (CIC) before agreeing to the procedure. Systemic 
absorption can lead to more severe side effects, including 
respiratory depression requiring mechanical ventilation. 
Improvement in clinical and urodynamic parameters with 
durability of effect over time in the pediatric population has 
been demonstrated in five level 3 studies with response rates 
ranging from 44‒95%.56,58

Neuromodulation

Similarly to BoNTA, neuromodulation is approved for cases 
of refractory OAB in adults, but despite a growing body of 
evidence, its use is currently off-label in the pediatric popu-
lation. Several nerve stimulation technique exist and have 
been assessed in children with OAB.

Intravesical electrical stimulation (IVES) appeared promis-
ing a couple of decades ago, with a cure rate of 26% and 
improvement rates ranging from 33–80%,59,60 but a later 
randomized, blinded, sham-controlled study did not report 
significant differences between IVES and sham groups.61

With conflicting results and the need for multiple sessions, 
potentially up to a few hundred times, IVES is not commonly 
used in children.

Although favourable outcomes have been noted with 
functional electrical nerve stimulation,62,63 its use is limited, 
as it involves stimulation of the anal and genital regions.

Transcutaneous electrical nerve stimulation (TENS) has 
consistently demonstrated encouraging results in children. 
Earlier uncontrolled studied reported improvement and 
cure rates of OAB or lower urinary tract dysfunction from 
56‒100%.64,65 Two sham-controlled studies showed simi-
lar results,66,67 as has a 2015 uncontrolled study reporting 
complete and partial response rates of 70 and 22%, respec-
tively.68 Recently, two groups compared TENS to approved 
treatment options for OAB in children. Sillén et al found 
no significant differences in a randomized trial compar-
ing urotherapy alone to urotherapy and TENS.69 Likewise, 
Quintiliano et al confronted oxybutynin to TENS and con-
cluded that they had similar efficacy.70 Moreover, a recent 
cost-effectiveness analysis favoured TENS over antimusca-
rinic medications in children with OAB.71

Percutaneous tibial nerve stimulation (PTNS) has been 
associated with positive results in uncontrolled studies.72 In 
2015, two groups published randomized, sham-controlled tri-
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als using a transcutaneous approach, therefore, dismissing the 
need for the percutaneous needle insertion. Though Patidar 
et al reported a cure rate of 67% and an improvement rate of 
24% in the PTNS group, compared to 0% and 6%, respec-
tively, in the sham group,73 Boudaoud et al noted a similar 
clinical efficacy between their PTNS and sham groups.74

Sacral neuromodulation with an implantable device, such 
as InterStim®, is commonly performed in adults with refrac-
tory OAB, but thus far, the pediatric literature is scarce. In 
2015, Schober et al concluded significant improvement in 
voiding dysfunction scores and in urodynamic parameters in 
a group of 23 children with OAB.75 Sacral neuromodulation 
might be a possibility for judiciously selected children with 
unmanageable OAB.

Conclusion

In conclusion, with a significant prevalence in children, OAB 
is a burdensome and challenging condition for physicians. A 
proper evaluation of children with lower urinary tract symp-
toms is critical and correctable contributing factors, such as 
constipation, should be identified and promptly addressed. 
The first step in the care of a child with OAB should be the 
initiation of conservative treatment measures, which should 
be maintained throughout the course of therapy. Although 
oxybutynin is currently the only pharmacological treat-
ment approved in North America for children with OAB, 
many alternatives have been studied and might be offered 
as off-label options until their eventual official approbation. 
Likewise, botulinum toxin injections and neuromodulation 
might be proposed in severe or refractory cases. Finally, 
patient and family education and setting realistic expecta-
tions of treatment efficacy should not be forgotten in the 
treatment armamentarium for children suffering from OAB.
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