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Abstract
Introduction: To evaluate efficacy and safety of Botulinum Toxin A (Botox) injection in the detrusor for day-time lower
urinary tract conditions with mainly overactive symptoms, we analyzed our uropediatric Botox-treated collective.
Materials and Methods: 21 Children who received a Botox treatment in our hospital between 2016 and 2020 for refractory
day-time lower urinary tract conditions with mainly overactive symptoms with conclusive follow up were analyzed. In all cases
we applicated 100 IU Botox.
Results: Mean age of patients was 9,19 (±3,0). In 8/21 cases a preoperative urodynamic assessment was available. We reached
a median follow up of 289 days (range 34-750). Mean bladder capacity increased from 157 ml (±18.4) to 213 ml (±24.5) (p =
0.001). Mean voiding frequency decreased from 7.4 (±0.61) to 6.2 (±0.55) (p = 0.015). 13/21 Patients (61.9%) encountered a
partial or complete therapy response while 8/21 Children (38.1%) showed a therapy failure. Within the responder group, 8/13
Children (61, 5%) experienced an ongoing response. However, 5 Children relapsed on average in 176 days (±45, 5). 3 Children
received a repeated injection of Botox. We observed no serious side effects.
Discussion/Conclusion: Even though pediatric Botox therapy still lacks standardization; our study indicates a safe and effective
use for day-time lower urinary tract conditions with mainly overactive symptoms in children who are resistant to common
treatments. Moreover, we found a one-time injection in most cases to be sufficient to improve symptoms in the long term.
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complicating conditions such as constipation and UTIs. If
these measures are ineffective anticholinergic medication is
administered.

Introduction

Intradetrusor injection of Botulinum toxin A (Botox) was
first reported by Schurch et al. in patients with paraplegia using
intermittent self-catheterization in 2000 [2]. Botox blocks the
neuromuscular junction at the site of injection until new presynaptic
nerve sprouts occur [3,4]. In adult patients with neurogenic bladder
dysfunction, Botox represents a minimal invasive therapeutic
option for neurogenic detrusor overactivity, detrusor-sphincter
dyssynergia, non-neurogenic detrusor overactivity and chronic
prostatic pain [5]. Furthermore, in the pediatric age group the
use of Botox has been reported to be equally safe and effective

Symptoms of overactive bladder in the context of day-time
lower urinary tract conditions (LUTC) in children is common
and characterized by urinary urgency, usually accompanied by
frequency, with or without urinary incontinence, in the absence
of other obvious pathology. Affected children suffer from urinary
urgency, pollakisuria and urge incontinence [1]. The treatment of
LUTC involves a multimodal approach, beginning with mainly
behavioral modification, urotherapy and therapy of potentially
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in children with overactive day-time LUTC [1,6]. However, only few trials investigated this topic [1,6-12]. No randomized controlled
trials have been conducted to date. The European guidelines list Botox therapy as a promising treatment, but do not make a clear
recommendation for this therapy [13]. Studies mentioned above examined sample sizes of 13 to 46 patients. However, therapy response
differs considerably from approximately 30% to 70% [6,9]. It is also unclear which children benefit best from a Botox injection and
which do not. In this retrospective analysis we aim to validate the efficacy of Botox in a single center cohort and try to explore
characteristics of patients who are expected not to benefit from Botox therapy.
Material and Method:
A total of 23 children received Botox injections into the detrusor between January 2016 and December 2020 due to LUTC
suffering from symptoms of overactive bladder at our hospital. 2 patients were lost to follow up. Thus, 21 patients were included in the
study (Table 1). A total of 24 Botox injections were applicated. Age, a general history of urogenital disorders and medication, baseline
urodynamic studies’ results, baseline sonographic examination results, voiding frequency, functional bladder capacity as percentage of
age adjusted expected capacity, post-void residual urine volume, presence of diurnal and/or nocturnal incontinence episodes, subjective
therapy success, amount of injected Botox, additional injection requirements, follow up and time to recurrence of symptoms were
recorded.
Patient characteristics and symptoms
Demographic details

male n = 15

female n = 6

Total n = 21

Mean age in years (SD)

8.67 (±2.9)

10.50 (±3.2)

9.19 (±3,0)

35.33 (±15.7)

45.67 (±3.2)

38.29 (±20.9)

17,7 (±4.0)

20.1 (±9.5)

18.4 (±6.1)

Duration of symptoms < 3 years

10 (66.7%)

2 (33.3%)

12 (57.1%)

Duration of symptoms >3 years

5 (33.3%)

4 (66.7%)

9 (42.9%)

Frequency

8 (53.3%)

2 (33.3%)

10 (47.6%)

Urgency

10 (66.7%)

5 (83.3%)

15 (71.4%)

Incontinence

15 (100%)

6 (100.0%)

21 (100%)

Previous UTI

0

4 (66.7%)

4 (19.0%)

3 (20.0%)

2 (33.3%)

5 (23.8%)

Anticholinergics

15 (100%)

6 (100%)

21 (100%)

Anticholinergics effective

2 (13.3%)

1 (16.7%)

3 (14.3%)

Desmopressin

4 (26.7%)

2 (33.3%)

6 (28.6%)

0

1 (16.7%)

1 (4.8%)

5 (30%)

3 (50%)

8 (38.1%)

14 (93.3%)

4 (66.7%)

18 (85.7%)

Repeat Injection

1 (6.6%)

2 (33.3%)

3 (14.2%)

Preoperative urodynamics

4 (26.7%)

4 (66.7%)

8 (38.1%)

Mean bodyweight in Kg (SD)
Mean BMI in kg/m (SD)
2

Urinary symptoms

Previous bowel dysfuntion
Medications prior to Botox

Desmopressin effective
Sonography
Bladder Wall Thickness > 3mm
Botox-Injection
Single Injction

Table 1: Patient characteristics and symptoms (original).
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The study was approved by the ethics committee of the
University Hospital Essen and the number of the ethics vote: (209721-BO).
Each parent was informed about the “off-label” character
of the Botox therapy lacking an official approval. The standard
treatment of LUTC with mainly overactive symptoms follows a
stepwise approach in our hospital. Initially conservative treatments
such as therapy of concomitant bowel dysfunction, voiding
training and biofeedback are applied. In the next step medical
therapy is started usually with oxybutynin or trospiumchloride and
in case of failure or intolerance switched to either tolterodine or
propiverine. Magnetic resonance imaging was performed to rule
out a neurogenic cause of LUTC in patients highly suspicious of
neurogenic detrusor over activity.
Three-day voiding diaries were collected at baseline and
at the end of the 4th week after the procedure. Furthermore, we
took a detailed history and performed a clinical and sonographic
examination during the 4th week appointment.
In only 8/21 cases (38.1%) a preoperative urodynamic study
was performed, due to refusal of this invasive diagnostic method
by most patients and parents. In cases with a doubtful diagnosis
of a LUTC with symptoms of overactive bladder an urodynamic
testing was enforced.
Injection technique
Two experienced pediatric urologists performed all
procedures. Prior to the procedure a negative urine analysis was
required. Injection was performed under general anesthesia and
with antibiotic prophylaxis. Botox was diluted in 15 ml of normal
saline per 100 IE. The detrusor was injected at 30 sites with 0.5
ml each under cystoscopic guidance (Wolf Cystoscope 12° 8.0’9.8
CH. NL: 150MM GL: 283MM) using a 3.7Fr Deflux® injection
needle. Injection was performed homogeneously distributed over
the entire urinary bladder except trigone and sphincter (Figure1).
After injection the bladder was emptied. Following spontaneous
voiding the patient was discharged.

Anterior bladder wall

Trigone

Ureteral orifice

Urethra

Figure 1:
Intravesical distribution of Botulinum toxin A injections,
asterisk symbol: injection points. (original)

We intended to repeat urodynamics after injection. However,
a strong rejection of patients and parents against urodynamic
evaluation was shown. Therefore, we considered a less invasive
evaluation of therapy response via voiding diary plus detailed
history and clinical as well as sonographic examination as
sufficient.
We carried out follow-up examinations 4 weeks after the
procedure and after that every 3 months or in case of relapse, side
effects or complaints. All follow up examinations were carried out
in our hospital. To better categorize therapy response, we called
the absence of any symptoms a complete response, a reduction of
at least 50% diurnal and nocturnal symptoms a partial response
and everything else was called failure.
Statistical Analysis
IBM SPSS Statistics for Windows, version 25 (IBM Corp.,
Armonk, N.Y., USA) was used for statistical analyses. Average
values were reported as arithmetic mean and standard deviation as
a measure of variability. Paired t-test was performed to compare
means. A p-value of at least 0.05 was considered to be statistically
significant.
Results
Between January 2016 and December 2020, 23 children
underwent intradetrusor Botox injection in our hospital. Two
patients were lost to follow-up, thus, we analyzed finally 21
cases with conclusive follow-up. Of 21 patients, 15 (71.5%) were
male. The mean (SD) age and BMI (kg/m2) were 9.19 (±3,0) and
18.37 (5.96), respectively. Table 1 illustrates the patient baseline
characteristics. 12 children suffered from LUTC symptoms for
less than 3 years. All children reported diurnal incontinence,
mostly associated with frequency and urgency. All patients had
been previously treated with urotherapy and anticholinergics, but
this therapy was partially effective in only 3 of them. 6 patients
were characterized by a thickened bladder wall on sonographic
examination. 18 patients received a single Botox injection,
while 3 patients had repeated Botox treatments. The mean (SD)
baseline bladder capacity was 157 ml (±18.4) ml. The dose of
applicated Botox in all cases amounted to 100 IE. Of 21 patients,
11 (52.3%) showed complete response after 1 month, the response
was maintained for a mean (SD) of 295 (141) days. Two patients
experienced recurrence of symptoms and received reinjection
after 199 and 344 days. Two patients (9.5%) showed only partial
response and symptoms recurred completely after 80 and 155
days. In the total group, the mean bladder capacity increased from
157 ml (±18.4) to 213 ml (±24.5) (p = 0.001), combined with a
decrease in the mean voiding frequency from 7.4 (±0.61) to 6.2
(±0.55) (p = 0.015) (Table 2).

Figure 1: Graphical visualization of the intravesical distribution
of Botulinum toxin A injections.
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Parameter

Preoperative

Postoperative

P-value

Functional bladder capacity (SD, n = 21)

157 ml (±18.4)

213 ml (±24.5)

p = 0.001

Voiding Frequency (SD, n = 21)

7, 4 (±0.61)

6, 2 (±0.55)

p = 0.015

Table 2: Preoperative and postoperative parameters (original).
Preoperative and postoperative mean bladder capacity and
mean voiding frequency (standard deviation as a measure of
variability).
When comparing the preoperative characteristics of
failure and response groups, non-responders had mean BMI and
bodyweight of 15.6 kg/m2 and 31kg. In contrast, responders were
characterized by a mean BMI and bodyweight of 20, 2 kg/m2 and
43kg. In Addition, non-responders had a preoperative functional
bladder capacity of in mean 40.3% of the age-adjusted target
capacity, whereas responders started with an adjusted bladder
capacity of 49.3%. Furthermore, 87.5% of those with a poor
outcome were male; in contrast, the responder group consisted of
only 53.9% male patients. Interestingly, 7 of 13 responders showed
a thickened bladder wall on sonography. This was in only 1 of
8 non-responders presentable (Table 3). We observed no serious
side effects: 1 patient developed a urinary tract infection and 1
patient complaint about lower abdominal pain for 2 weeks before
spontaneous disappearance of the symptoms. During the followup examinations at week 4 and every 3 months thereafter, we
detected no post void residual (PVR) or need for clean intermittent
catheterization (CIC) in any of the patients.
Patient characteristics

Responder

n

Non-responder

13

8

9.5 (±3.38)

8.8 (±2.6)

43

31

Mean BMI

20.2

15.6

Bladder capacity pre-botox

49.3

40.3

Male sex

7

7

Bladder wall thickness >3mm

7

1

Mean age (SD)
Mean bodyweight in kg

(percent of
capacity)

age-adjusted

target

Table 3: Responder and Non-responder characteristics.
Baseline characteristics of the responder and non-responder
groups (SD: Standard deviation, BMI: Body mass index) (original).

Discussion
Botox has been used in Urology predominantly to treat
refractory neurogenic detrusor overactivity. Efficacy and safety of
Botox has been demonstrated in both idiopathic and neurogenic
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overactive bladder syndrome in the adult age group [12,14,15].
Thus, experience concerning efficacy and safety profile became
vast in adults. In contrast, data regarding treatment of children is
still limited. First steps were made in successfully treating children
with neurogenic detrusor hyperreflexia by intradetrusor Botox [16].
Since then, several studies demonstrated a safe and effective use of
Botox in children suffering from neurogenic detrusor overactivity
[2,17-23]. In 2006 the first use of Botox in LUTC with mainly
symptoms of overactive bladder in the pediatric population was
reported as safe and effective [6]. Subsequently, few studies have
been carried out investigating the use of Botox in the pediatric
population for LUTC [1,6-12]. In comparison to adult age studies,
uropediatric studies on Botox in LUTC are more seldom and
covered with smaller sample sizes. In addition, the proportion
of patients showing a response to therapy is unclear and differs
significantly in the literature mentioned above. Furthermore,
the number of Botox injections necessary to achieve a longterm response is uncertain. Therefore, we see an unmet need to
validate the efficacy and safety profile of this therapy analyzing
our uropediatric collective.
Results of 57, 46, 33, 21 and 15 botox-treated LUTC children
were reported by McDowell, Al Edwan et al., Bayrak et al., Marte
et al. and Hoebeke et al. respectively [6,7,11,12,24]. All of them
demonstrated significant reduction of incontinence episodes and an
increase of functional bladder capacity with minimal side effects.
Except for Al Edwan, none of them included objective urodynamic
assessment as outcome measure. Interestingly, a Korean working
group found no compelling relationship between post-treatment
urodynamics and patient reported impression of improvement
[25]. Accordingly, we found only 50% of urodynamically-proven
detrusor over activity patients responding to Botox treatment.
However, the results of the discussed works are not perfectly
comparable. While Bayrak and Blackburn describe only changes
in individual symptoms, all other authors define a categorized
response (full or partial response vs. failure) [6-9,11,24].
However, the results of our study correlate well with results of
the aforementioned works: We found an increase of mean bladder
capacity from 46, 7% or 157 (±18.4) ml to 62, 4% or 213 ml (±24.5)
(p = 0.001) and a significant reduction of mean voiding frequency
from 7.4 (±0.61) to 6.2 (±0.55) (p = 0.015; from 7 to 5 times per
day in median). In particular, 13/21 Patients (61.9%) encountered
a partial or complete therapy response while 8/21 Children showed
a therapy failure. Only 3/13 children from the responder group
(23, 1%) needed one repeated injection during follow up period.
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Despite a small sample size, we found a comparatively high rate
of primary response, which, interestingly, in many cases resulted
in long-term response. In particular, we recognized in most cases
a one-time application as sufficient, which underlines the efficacy
of Botox therapy.

Author Contribution

While the Marte working group used a Botox dose of 12.5
IU per kg bodyweight with a maximum dose of 200 IU, Hoebecke
and Bayrak injected 100 IU fix dose. In contrast, another working
group applicated 50 to 100 IU bodyweight-dependent and showed
a reduction of daytime wetting, increased bladder capacity and
decreased detrusor overactivity in 12 children [10]. However, we
decided to use a fix dose of 100 IU Botox. We chose this dosage,
because the probability of systemic, Botox-mediated side effects
is reported to be negligible at a dosage of 100 IU [16]. Despite the
small sample size, our results could help characterize in future a
population for which botox therapy is effective. In the responder
group of our study, we found patients with higher BMI and body
weight, more male patients, and more often a sonographically
measured thickened bladder wall.
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