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Objective: The purpose of this study is to evaluate the effect of Intravesical Botulinum toxin injection on the symp-
toms and urodynamic parameters in pediatric patients with idiopathic overactive bladder (iOAB) refractory to
medical treatment.
Materials andmethods: The study was designed as an open-label uncontrolled therapeutic clinical trial. The eligi-
ble patients who underwent Intravesical botulinum toxin injection were evaluated before treatment. The evalu-
ation included a 7-day paper bladder diary to assess OAB symptoms (frequency, urgency urinary incontinence
(UUI) and nocturnal enuresis (NE)), filling the Arabic International Consultation on Incontinence
Questionnaire-Urinary Incontinence Short Form (ICIQ-UI short form), and conducting urodynamic study. The
Urodynamic parameters obtained were the maximum filling detrusor pressure, cystometric bladder capacity,

and compliance. After 12 weeks of the intravesical injection, the patients were revaluated and the results were
compared using paired samples t-test.
Results: The study enrolled 75 patients. And of those, statistical analysis was done on 46 patients who did follow
the study protocols. The mean age was 8.9 years and male to female ratio was 1:4. There was a statistically sig-
nificant improvement in overactive bladder symptoms and urodynamic parameters in the patient injected
with botulinum toxin with minimal side effects.
Conclusion: The evidence in this study would support the safety and efficacy of Intravesical botulinum toxin in-
jection in children with refractory idiopathic OAB with significant improvement of symptoms, quality of life, as
well as urodynamic parameters.
Type of Study: Open-label uncontrolled therapeutic clinical trial.
Level of Evidence: III

© 2018 Elsevier Inc. All rights reserved.
As per the International Children's Continence Society, overactive
bladder (OAB) is a “urinary urgency, usually accompanied by frequency
and nocturia, with or without urinary incontinence, in the absence of
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urinary tract infection or other obvious pathology” [1], and it is the
most common voiding 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].

On the other hand, Detrusor over activity (DO) is a urodynamic diag-
nosis made by observation of involuntary detrusor contraction during
the filling phase which may be spontaneous or provoked [5]. Stepwise
management of OAB begins with patient's education and behavioral
therapy, followed by medications including anticholinergic agents
which are themainstay ofmanagement. However, drymouth, constipa-
tion, and blurred vision are commonly encountered side effects [6,7].
mprovement in children with idiopathic detrusor overactivity after
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Table 1
Mean values.

Mean ± SD

Freq/day pre 12.5 ± 4.0
post 7.7 ± 3.2

UUI /wk pre 13.9 ± 11.4
post 6.0 ± 7.3

NE/wk pre 5.5 ± 2.5
post 2.4 ± 2.3

Arabic ICIQ-UI short form score pre 14.5 ± 5.9
post 7.5 ± 5.4

Max_filling detrusor pressure pre 40.3 ± 28.8
post 22.7 ± 19.8

Cystometric capacity pre 194.2 ± 97.8
post 244.0 ± 107.0

Compliance pre 9.6 ± 11.0
post 21.7 ± 20.5

Fig. 1. Patient disposition.
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Botulinum toxin is being used in refractory idiopathic overactive
bladder where both behavioral and medical trials have failed [8]. It is a
potent neurotoxin produced by the Gram-negative rod shaped anaero-
bic bacteria Clostridium Botulinum. The toxin was first described in
1895 by Emile van Ermengem [7].

There are seven distinct stereotypes of Botulinum toxin. Botulinum
toxin A (BoNTA) is being used most frequently in the urologic field. All
serotypes of botulinum toxin act by inhibiting calcium-mediated release
of acetylcholine vesicles at the presynaptic neuromuscular junction in
peripheral nerve endings, resulting in temporary flaccid muscle paraly-
sis [8,9].

1. Patients and methods

1.1. Study participants

This study is prospective open labeled uncontrolled therapeutic trial.
It was conducted from June 2015 to march 2017 in Jordan University
hospital. The patients enrolled in the study had idiopathic overactive
bladder (iOAB) that was inadequatelymanaged by anticholinergic ther-
apy (more than 8 micturition per days or more than 6 urgency urinary
incontinence (UUI) per week and signs of detrusor over activity DO on
urodynamic study (UDS)).

Patients who had been previously treatedwith botulinum toxin, had
pelvic surgery, had more than 150 ml postvoid residue or had diseases
that affect the bladder functions were excluded from the study.

2. Study design

The preoperative evaluation of the eligible patients involved: 7-day
paper bladder diary to assess OAB symptoms (frequency (Freq)/day, ur-
gency urinary incontinence (UUI), episodes /week, nocturnal enuresis
(NE)/week), filling the Arabic International Consultation on Inconti-
nence Questionnaire-Urinary Incontinence Short Form (ICIQ-UI short
form) [10], and conducting urodynamic study (UDS). The Urodynamic
parameters obtainedwere themaximal detrusor pressure duringfilling,
awakened bladder capacity (Cystometric capacity) and compliance.
Laboratory investigations included urine analysis, urine culture and kid-
ney function test. Urinary tract ultrasound (US) was performed on all
patients.

Because of the small range of the patients' age group, different treat-
ment periods and the nature of the study, being open labeled, there
were no control group; it did not seem meaningful to stratify patients
according to these criteria.

All operations were managed under general anesthesia and patients
in lithotomy position. Appropriate intravenous antibiotic prophylaxis
was administered preoperatively. All operations were carried out by
the same surgeon. The operation involved 30 intradetrusor injections
of 0.7 ml of the solution (100 international units of BoNTA diluted in
20 ml normal saline 0.9%), evenly spaced and involving the trigon.

Patients were reevaluated subjectively and objectively at 12 weeks.
The evaluation included a 7-day paper bladder diary to assess OAB
symptoms (Freq/day, UUI/week, and NE/week), filling the Arabic ICIQ-
UI short form, and conducting UDS. The patients or their parents were
asked to rate their condition on the treatment benefit scale (TBS) as
greatly improved, improved, not changed, or worsened [11].

The use of anticholinergics was not allowed in the treatment cycle.
Informed consent was taken from all of the patients.

2.1. Efficacy evaluation

The primary efficacy variables were: change from baseline in Freq
(micturition episodes)/day, UUI episodes/week, NE /week, ICIQ-UI
short form score and UDS parameters. Proportion of patient rated
their condition as 1 or 2 on treatment benefit scale TBS was also used
to evaluate the treatment efficacy.
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The data sets were examined by descriptive analysismethods. It was
compared using paired samples t-test. Univariate andmultivariate anal-
yses were calculated for subjective and objective improvements. The
characteristic values, such as mean values plus or minus standard devi-
ation (SD) are listed in Table 1. All statistical analyses were carried out
using the statistical software package IBM SPSS Statistics 21.

3. Results

The study enrolled 75 patients (Fig. 1). Statistical analysis was done
on 46 patients who followed the study protocol. Patient's age ranged
from 4 to 14 years (mean = 8.9 years, median 9), and female to male
ratio was 4:1. Eleven patients were lost to follow up, thirteen one did
not do postoperative UDS because of insurance issues, and fivewere ex-
cluded owing to protocol violation.

3.1. Overactive bladder symptoms

Significant change from baseline was seen in the mean of all symp-
toms including daily micturition episodes, UUI episodes per week, and
NE episodes per week. The best improvement was noticed in UUI/
week that improved by 57% in comparison to 56% improvement in NE,
and 38% in frequency (Table 2).

3.2. Improvement in quality of life

Therewas significant change frombaseline in themean of the Arabic
ICIQ-UI short form score; which indicates that the botulinum toxin in-
jection improved the quality of life of the treated patients. This was
also supported by the patients and their parent's perception of the
mprovement in children with idiopathic detrusor overactivity after
rg/10.1016/j.jpedsurg.2018.05.012
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Table 2
Change in parameters.

Mean difference 95% CI p value Improvement %

Freq/day (pre–post) 4.8 3.9–5.6 .000 38%
UUI /wk. (pre–post) 7.9 5.5–10.1 .000 57%
NE/wk. (pre–post) 3.1 2.4–3.9 .000 56%
Arabic ICIQ-UI short form score (pre–post) 7.0 5.3–8.6 .000 48%
Max_filling detrusor pressure 17.6 10.2–25.0 .000 44%
Cystometric capacity 49.8 −69.1–(−34.6) .000 26%
Compliance 12.1 −17.1–(−7.4) .000 126%
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treatment benefit on the treatment benefit scale. 54% of the patients de-
scribed their condition as greatly improved, and 30% as improved
(Fig. 2).

3.3. Urodynamic parameters

There was significant improvement in UDS parameters posttreat-
ment. Cystometric bladder capacity improved by 26% (194 vs. 244 ml,
P = 0.000), and this represented an increase from 58% of age-
expected capacity to 74% of age-expected capacity. Themeanmaximum
detrusor pressure decreased by 44% (40.3 vs. 22.7 cmH2O, P = 0.00)
and mean compliance improved by 126% (19.6 vs. 21.7 ml/cmH2O,
P = 0.000) in UDS performed at 3 months following the procedure
(Table 2).

Thirty six patients (78%) had pretreatment uninhibited contractions.
And of those twenty four patients (67%) had complete resolution of the
contractions post treatment. (Fig. 3). The 12 patients who still had unin-
hibited contractions in UDS were found to have significant improve-
ment in Freq, UUI episodes, NE, quality of life and cystometric
capacity. The improvement in maximum filling detrusor pressure and
compliance in those patients was found to be statistically insignificant
(Tables 3, 4).
Fig. 2. Patients and their parents perception of the treatment benefit on the treatme

Please cite this article as: Al Edwan GM, et al, Objective and subjective i
intravesical botulinum toxin injectio..., J Pediatr Surg (2018), https://doi.o
Twopatients developed transient retention postinjection. Theywere
managed by indwelling catheter insertion. Trial to void was done at
4weeks andwas successful. Bothwere followed and enrolled in the sta-
tistical analysis. Other than transient hematuria therewas no significant
other side effect.
4. Discussion

OAB with or without urinary incontinence is a serious public health
problem worldwide [2].

It can be managed by various treatment modalities, including blad-
der and behavioral training, biofeedback, electrical stimulation, botuli-
num toxin, surgery or pharmacotherapy [4,5].

Efficacy of BoNTA injection into the detrusor muscle has been dem-
onstrated in both idiopathic and neurogenic patients with incontinence
[12,13].

In adults BoNTA significantly improves all symptoms and
urodynamic parameters in neurogenic DO and OAB [14–18].

Compared to adult population studies [14–18], reports on BoNTA in
children are more infrequent and have relatively smaller sample sizes
[19–25].
nt benefit scale: 1: greatly improved, 2: improved, 3, no change, 4: worsened.

mprovement in children with idiopathic detrusor overactivity after
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Fig. 3. The improvement in uninhibited contraction in the urodynamic study done after
the treatment.

Table 4
Subgroup analysis of patient who showed no improvement in contractions.

Mean
difference

95% CI p
value

Improvement
%

Freq/day (pre–post) 4.1 2.5–5.8 .000 33%
UUI /wk. (pre–post) 6.6 3.0–10.2 .002 47%
NE/wk. (pre–post) 2.9 1.1–4.7 .005 53%
Arabic ICIQ-UI short
form score

5.5 3.2–7.9 .000 41%

Max_filling detrusor
pressure

18.0 −4.5–40.5 0.106 38%

Cystometric capacity 48.5 −37.6–(−23.4) 0.001 31%
Compliance 5.3 −11.3–0.6 0.075 78%
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Marte et al. and Hoebeke et al. reported the results of 21 and 15 pa-
tients respectively who were treated with Botulinum toxin injection;
both showed significant improvement in the incontinence episodes
after the treatment, but neither included objective urodynamic assess-
ment [20,23]. Lahdes-Vasama TT et al., M.K. Khan et al. and M. Kask
et al. reported the results of 13, 22 and 17 patients respectively who
were treated with botulinum toxin A. The range of the used dose was
50–300 IU. Their results are corroborating and concluded that BoNTA
reduces daytime incontinence, significantly increases bladder capacity,
decreases uninhibited contractions and decreases detrusor filling pres-
sure [22,24,25].

Our study endorses the finding of the previously mentioned series
[20,22–25]. In our series of 48 pediatric patients who have iOAB, we ob-
served significant improvement in UUI episodes, frequency and quality
of life. 85% of the patients or their parents rated the response on TBS as
greatly improved or improvement. We also observe improvement in
UDS parameter. Cystometric bladder capacity improved by 26% (194
vs 244 ml, P = 0.000), and this represented an increase of 16% in age-
expected capacity. The mean maximum detrusor pressure decreased
by44% (40.3 vs 22.7 cmH2O, P=0.00), andmean compliance improved
by 126% (19.6 vs 21.7 ml/cmH2O, P = 0.000).

Onabotulinum toxin A (onabotA; BOTOX®) 100 U dissolved in
10 mL of saline and injected in 20 points of the bladder wall above the
Table 3
Subgroup analysis of patient who showed no improvement in contractions.

Mean Number

Freq/day pre 12.5 ± 3.44 12
post 8.4 ± 1.67 12

UUI /wk pre 14.0 ± 14.84 12
post 7.4 ± 10.7 12

NE/wk pre 5.5 ± 2.4 12
post 2.6 ± 2.8 12

Arabic ICIQ-UI short form score pre 13.5 ± 5.8 12
post 8.0 ± 5.9 12

Max_filling detrusor pressure pre 46.9 ± 37.8 12
post 28.9 ± 18.5 12

Cystometric capacity pre 154 ± 71.3 12
post 202.5 ± 63.5 12

Compliance pre 6.8 ± 6.5 12
post 12.1 ± 10.3 12
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trigone (0.5 mL per injection site) is licensed in Europe to treat OAB
with persistent or refractory UUI in adults of both genders [26,27].

The most commonly used dose of botulinum toxin is 10 U/kg with a
maximumdose of 200 U. No dose study has been performed in children
and there is no evidence regarding the optimal dose [28].

We used a fixed dose of 100 IU BoNTA regardless of the weight, and
therewas no association between theweight and the symptoms or UDS
parameters improvement. However further research needs to be done
to decide whether dose modification would affect the response and
rate of adverse effects.

While Sang Woon Kim et al. revealed that patients who exhibited
poor preoperative bladder compliance and thepresence of open bladder
neck had a lower chance of improvement in symptoms regardless of
their improved UDS parameters [29], we did not observe that any of
the pretreatment parameters predicted the outcome postinjection.

The limitations of our study were: short term follow up, no report
about repeated treatment, its nature as open labeled noncontrolled
study and a small sample size despite being one of the largest series
published in pediatric age group.

The strength of this study reside in the fact that it is one of the largest
series published in pediatric age groupwith idiopathic detrusor over ac-
tivity, and the fact that this investigation was performed in an indepen-
dent center with members who have no personal interest in the
establishment of this therapy.

The observations of minimal side-effects during and after treatment
with the ease of application as a day case procedure, all encourage its
use.

5. Conclusion

The evidence in this study would support the safety and efficacy of
Botulinum Toxin Ain children with refractory idiopathic OAB with sig-
nificant improvement of OAB symptoms, quality of life as well as
urodynamic parameters including uninhibited contraction, compliance
and bladder capacity.
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