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Factors predicting the success of
intradetrusor onabotulinum toxin-A
treatment in children with neurogenic
bladders due to myelomeningocele: The
outcomes of a large cohort
Yavuz Onur Danacioglu a, Ferhat Keser b, Cevper Ersoz c,
Salih Polat d, Ali Egemen Avci e, Senad Kalkan c,
Mesrur Selcuk Silay f,*
Summary

Objective
This study aimed to determine the effectiveness of
intradetrusor injections of onabotulinum toxin-A
(BoNT-A) in pediatric patients with neurogenic
bladders (NB) due to myelomeningocele (MMC). The
factors predicting success were also evaluated.

Study design
We retrospectively identified 62 patients with NB
due to MMC who underwent intravesical BoNT-A in-
jection (100e300 U) between May 2013 and
December 2018. Indications for BoNT-A injection
were according to the European Association of
Urology guidelines and included children for whom
clean intermittent catheterization (CIC) and anti-
cholinergic therapy had failed. Children who had
previous bladder surgery or anti-reflux operations,
coagulation disorders, myasthenia gravis, and non-
neurogenic bladders were excluded. Twenty-one
patients had accompanying vesicoureteral reflux
(VUR). Preoperative and postoperative urodynamic
parameters, clinical success, and VUR grades for all
patients were recorded. Clinical success was defined
as 4 h of dryness or bladder control between CICs.
rol.2021.02.020
ediatric Urology Company. Published by Elsevier Ltd. A
Logistic regression analysis was performed to eval-
uate the factors affecting treatment success.

Results
The mean age of the children was 9 � 3.36 years.
The mean follow-up was 28.5 � 12.2 months. Clin-
ical success was achieved in 64.5% (n: 40) of the
patients. The mean maximal cystometric capacity
increased from 172.4 � 45.6 mL to 236.3 � 67.2 mL.
The mean bladder compliance increased from
14.8 � 8.1 mL/cm H2O to 19.3 � 7.4 mL/cm H2O,
and the mean maximal detrusor pressure decreased
from 56.7 � 18.8 cm H2O to 36.6 � 10.1 cm H2O.
Urodynamic parameters did not improve in patients
with hypocompliant (fibrotic) bladders.

In patients with accompanying VUR, reflux was
completely resolved in 53.8% (n: 14) of the ureters,
improved in 26.9% (n: 7) of the ureters, and
remained unchanged in 19.2% (n: 5) of the ureters
after subureteral injection.

Conclusion
Intradetrusor BoNT-A injections provide excellent
outcomes in children with NB refractory to conser-
vative treatments. Poor responses were observed in
patients who had low-compliant bladders without
detrusor overactivity.
ll rights reserved.
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Introduction

The most common cause of neurogenic bladder dysfunction
in children is due to abnormal development of the vertebral
canal and spinal cord [1,2]. Spina bifida (SB) incidence is 1/
10,000, and it is the most common congenital cause of
neurogenic bladders (NB) in children [3]. Different degrees
of lower urinary system damage form in these patients due
to the neuronal damage level and completeness in the
spinal cord [1,3]. Detrusor overactivity (DOA) and poor
compliance are commonly observed in the bladder due to
the formed damage, and this condition causes lower urinary
system symptoms, especially incontinence [4]. Affected
lower urinary systems in NB patients lead to increased
intravesical pressure and deterioration of the bladder
structure and the valve mechanism, which is damaged. This
also affects the upper urinary system and causes ves-
icoureteral reflux (VUR) in 15e50% of cases. Clean inter-
mittent catheterization (CIC) and anticholinergics aim to
decrease bladder pressure, increase capacity, and empty
the bladder; they are used as a first-line treatment in SB
patients and provide spontaneous recovery, with a rate of
43e58% [2,6]. However, most patients do not benefit from
initial management or leave the treatments due to the side
effects [2]. Second-line, minimally invasive, alternative
treatment methods, such as intradetrusor injections of
onabotulinum toxin-A (BoNT-A) or neuromodulation, should
be planned for these patients [5]. BoNT-A treatment is
effective and well-tolerated; it is preferred in clinical use
for adult patients not benefiting from antimuscarinics with
rare side effects, as shown in large, randomized trials [3].
While BoNT-A treatment provides an improvement in lower
urinary system symptoms in pediatric patients with NB,
decreased bladder pressure provides the protection of
upper urinary systems and increases the quality of life
(QoL) [5]. However, the present use of BoNT-A treatment in
pediatric patients with NB depends on small, single-center
studies that include a small number of the patients, and
preoperative predictive factors regarding success have not
yet been well defined [3].

This study reports the treatment series and the search
for parameters that could predict the clinical response to
intradetrusor injections of BoNT-A in children with NB and
myelomeningocele (MMC) who failed a first-line CIC and
antimuscarinic regimen in terms of urinary incontinence.

Patients and methods

Study design and patient population

After obtaining institutional review board approval (2020/
390) the files of 62 children with NB and MMC who under-
went BoNT-A intradetrusor injection treatment between
May 2013 and December 2018 were evaluated retrospec-
tively. In all cases, conservative management with anti-
cholinergics plus CIC had failed for at least three months.
CIC use before BoNT-A injections (either through self-
catheterization or by a third party, usually the parents)
and failed or non-tolerated oral anticholinergic treatments
were accepted as inclusion criteria. Patients with a history
of bladder surgery or anti-reflux operations, children with
non neurogenic bladders, coagulation disorders, and
myasthenia gravis were excluded. In this group, 21 patients
had VUR with 26 refluxing ureters (16 unilateral and 5
bilateral). According to the system introduced in an inter-
national reflux study, reflux was mild in ten ureters (grades
one and two on a scale of five), moderate (grade three) in
three ureters, and severe (grades four and five) in thirteen
ureters [7].

Botulinum toxin A and subureteral injections

BoNT-A (Allergan, Irvine, CA, USA) injections (10 U/kg,
diluted with 0.9% NaCl, with a maximum dose of 300 U)
were given into the bladder base and dome, with 20e30
injections performed, depending on the total dose, using a
transurethral 23-gauge injection needle under rigid cysto-
scopic guidance (8-Fr pediatric cystoscope). All injections
were performed under general anesthesia with antibiotic
prophylaxis by a single surgeon (MSS). Ureter orifices and
bladder necks were protected for secondary reflux or
bladder neck dysfunction risk during the procedure. In pa-
tients with VUR, endoscopic subureteral injection of dex-
tranomer/hyaluronic acid (Dexell� or Deflux�) was
performed at the end of injections utilizing 0.5e2 cc of a
bulking agent. The endoscopic treatment was completed
using the double hydrodistension implantation technique,
aiming to achieve the coaptation of the ureteral orifice.

Urodynamic evaluation

For urodynamic studies, a computerized system (MMS Uro-
dynamic System, Dover, NH) was used in all patients after
urine sterilization. A urodynamic evaluation was made
before and six weeks after the first BoNT-A injection.
Standard fluid cystometry was completed in a supine posi-
tion using a 6-Fr double-lumen urethral catheter, filling at a
rate less than 10% of the predicted expected cystometric
bladder capacity (EBC) per minute (30 � [age (years) þ 2])
in mL. Urodynamic parameters were defined using the In-
ternational Children’s Continence Society standardization
report [3]: the maximum detrusor pressure (Pdet max, cm
H2O), maximal cystometric capacity (MCC), and bladder
compliance (mL/cm H2O) were calculated. Poor bladder
compliance was defined as compliance exceeding
0.05 � EBC mL/cm H2O [3].

Upper tract evaluation

Voiding cystourethrography was performed in VUR patients
in the 12th week following endoscopic treatment. Com-
plete resolution was defined as the complete disappear-
ance of reflux.

Follow-up measures

Complications were classified according to the Satava
(intra-operative) and modified Clavien (postoperative) sys-
tems [8,9]. All patients were re-evaluated through com-
plete history, physical examination, and urodynamic test
six to eight weeks after the procedure to determine clinical
success and urodynamic improvement. Clinical success was



Table 1 Patient characteristics and operative
parameters.

Variables

Number of patients 62
Age (years)
Mean � SD 9.09 � 3.36
Median (range) 8 (5e16)

Gender n (%)
Male 23 (37.1)
Female 39 (62.9)

Accompanying neurological disease n (%)
Hydrocephaly 5 (7.2)
Kyphoscoliosis 2 (2.9)
CIC use n (%) 62 (100)

Number of daily CICs
Median (range) 5.5 (4e7)
Anticholinergic use n (%) 62 (100)

Presence of VUR n (%)
Unilateral 16 (25.8)
Bilateral 5 (8.1)

Initial BoNT-A dose n (%)
100 U 11 (17.7)
150 U 1 (1.6)
200 U 45 (72.5)
300 U 5 (8)

Clinical Success n (%) 40 (64.5)
Second BoNT-A need n (%) 34 (54.8)
Interval between second BoNT-A (months)
Mean � SD 13.1 � 4.7
Median (range) 12 (6e27)

Second BoNT-A dose n (%)
100 U 3 (8.8)
200 U 19 (55.8)
300 U 12 (35.2)

Follow-up duration (months)
Mean � SD 28.5 � 12.2
Median (range) 27 (11e72)

CIC: clean intermittent catheterization; VUR: vesicoureteral
reflux; BoNT-A: Onabotulinum toxin-A.
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defined as 4 h of dryness or bladder control between CICs;
this information was obtained through a direct interview
with the child or asking the parents. In addition to clinical
success, pre- and post-treatment urodynamic parameters,
changes in VUR grade, the total number of injections,
additional interventional treatments, and procedure-
related local and systemic side effects were recorded.

Statistical analysis

Categorical data were presented as numbers and percent-
ages. Data for continuous variables were presented as mean
and standard deviation. The ShapiroeWilk test was used to
determine whether the distributions of continuous vari-
ables were normal. Mean differences of the urodynamic
parameters at the different time points were compared
with paired t-tests, while the Wilcoxon test was used to
compare non-normally distributed data. Mean differences
between two independent groups of normally distributed
data were compared with independent t-test, while the
ManneWhitney U-test was used to compare non-normally
distributed data. The frequencies of categorical variables
were compared using Pearson chi-square, Yates’ chi-
square, or Fisher’s exact test when appropriate. Statisti-
cal significance was considered when the p-value was
<0.05. Logistic regression analysis was performed to
determine predictors of responders after BoNT-A treat-
ment. Statistical analysis was performed using Statistical
Package of Social Sciences version 21 (IBM SPSS Statistics;
IBM Corp., Armonk, NY).

Results

Sixty-two patients (23 boys and 39 girls) with a mean age of
9 � 3.3 years (range: 5e16 years) were included in this
study. The demographic features of the patients are sum-
marized in Table 1. All patients had a neurogenic bladder
due to MMC; 7.2% (n: 5) of the patients had hydrocephaly,
and 2.9% (n: 2) of the patients had severe kyphoscoliosis as
an accompanying neurological disease. The urodynamic
evaluation allowed identifying various types of urodynamic
disorders: 27.4% (n: 17) of the patients had hypocompliant
bladders without DOA, 38.7% (n: 24) of the patients had
normal bladder compliance with DOA, and 33.9% (n: 21) of
the patients had hypocompliant bladders with DOA. In the
first procedure, BoNT-A was applied at doses of 100 U in
17.7% (n: 11) of the patients, 150 U in 1.6% (n: 1) of the
patients, 200 U in 72.5% (n: 45) of the patients, and 300 U in
8% (n: 5) of the patients. After the first BoNT-A application,
clinical success was achieved in 64.5% (n: 40) of the pa-
tients. The mean MCC increased from 172.4 � 45.6 mL to
236.3 � 67.2 mL. The mean bladder compliance increased
from 14.8 � 8.1 mL/cm H2O to 19.3 � 7.4 mL/cm H2O, and
the mean MDP decreased from 56.7 � 18.8 cm H2O to
36.6 � 10.1 cm H2O. The overall MCC, bladder compliance,
and changes in MDP parameters were statistically signifi-
cant (p < 0.001, p < 0.001 and p < 0.001, respectively). In
the subgroup analysis, while the MCC increase was statis-
tically significant in patients with hypocompliant bladders
with DOA and patients with normal bladder compliance
with DOA, this improvement was not statistically significant
in patients with hypocompliant bladders without DOA.
While a significant compliance increase was observed in
patients with hypocompliant bladders with DOA, no
improvement was observed in patients with hypocompliant
bladders without DOA. The MDP decrease was statistically
significant in patients with hypocompliant bladders with
DOA and patients with normocompliant bladders without
DOA, but no significant decrease was detected in patients
with hypocompliant bladders without DOA after BoNT-A
injection. In subset analysis of hypocompliance without
DOA group, no difference was found between age groups in
terms of improvement in compliance, maximum cysto-
metric capacity and detrusor pressure (p:0.854, p:0.073
and p:0.058 for <10 years of age, p:0.066, p:0.398, and
p:0.527 for �10 years of age, respectively) (Table 2).

During the initial BoNT-A procedure, it was observed
that reflux disappeared in 53.8% (n: 14) of the ureters,
improved in 26.9% (n: 7) of the ureters, and remained un-
changed in 19.2% (n: 5) of the ureters after subureteral
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injection. There was a statistically significant difference in
the preoperative and postoperative VUR degrees of the
patients (p Z 0.036) (Table 3).

Pre-compliance values, MCC, and MDP changes in pa-
tients who acquired clinical success were highly statisti-
cally significant (p < 0.023, p < 0.015, and p < 0.011),
respectively.

There is a statistically significant difference between
the successful and failure groups in terms of the total
number of injections (p < 0.001) (Table 4). After a mean
follow up of 28.5 � 12.2 months (range: 11e72 months),
54.8% (n: 34) of the patients had repeated injections (from
two to seven injections), resulting in a total number of 117
BoNT-A injections performed. Seven repeated injections
were performed to one patient due to beneficially effect
in the follow up. The mean duration between two in-
jections was 13.1 � 4.7 months. Augmentation cystoplasty
was applied in 3.2% (n: 2) of the patients who did not
benefit from repeated BoNT-A injections. No intra-
operative complications were observed in any of the pa-
tients. Febrile urinary infection (Clavien grade II), treated
with antibiotherapy, was observed in 6.4% (n: 4) of the
patients in the postoperative period. There were no other
complications, and no cases of muscular weakness were
reported.
Discussion

Intradetrusor BoNT-A injections provide excellent out-
comes in children with NB refractory to conservative
treatments. The results of this study show that an increase
in maximum bladder capacity and compliance and a
decrease in maximum detrusor pressure occur after BoNT-
A injection. Poor responses were observed in patients who
had low-compliance (fibrotic) bladders without DOA.

In NB patients with DOA, BoNT-A treatment depends on
large prospective randomized trials. However, adult pa-
tients with spinal cord injuries or multiple sclerosis
generally constitute the patient populations in these
studies. In the literature, there are attempts to prove the
efficiency of BoNT-A treatment in children with NB using
case series with a limited number of patients [3]. This
study is the largest trial evaluating the treatment success
for intradetrusor BoNT-A injections in children with NB.
Table 3 Cross-tabulation of preoperative and post-
operative VUR status.

Preoperative VUR grades Postoperative VUR
grades

Total

0 1 2 3 4 5

0 98 0 0 0 0 0 98
1 3 1 0 0 0 0 4
2 5 1 0 0 0 0 6
3 2 0 0 1 0 0 3
4 4 0 1 0 2 0 7
5 0 1 1 1 2 1 6
Total 112 3 2 2 4 1 124

VUR: vesicoureteral reflux.



Table 4 Comparison of patient characteristics according to treatment success.

Variables Success (n:40) Failure (n:22) P value

Age (years) 9.85 � 3.2 8.73 � 3.5 0.135
Gender n (%) 0.067a

Male 11 (27.5) 12 (54.5)
Female 29 (72.5) 10 (45.5)

Presence of DOA n (%) 32 (80.0%) 13 (59.1%) 0.142a

Presence of VUR n (%) 0.206b

None 25 (62.5) 16 (72.7)
Unilateral 13 (32.5) 3 (13.6)
Bilateral 2 (5.0) 3 (13.6)

No. of injection n (%) <0.001a

1 22a 6b

2 1a 14b

�3 17a 2b

Preoperative MCC (ml) 177.5 � 46.0 163.2 � 44.2 0.228
Preoperative MDP (cm H2O) 58.4 � 16.9 53.6 � 21.8 0.286
Preoperative compliance (ml/cm H2O) 17.5 � 9.3 12.0 � 7.6 0.023

Postoperative MCC (ml) 240.4 � 74.4 205.9 � 60.6 0.064
Postoperative MDP (cm H2O) 35.0 � 9.2 39.9 � 11.2 0.331
Postoperative compliance (ml/cm H2O) 19.4 � 8.3 16.2 � 7.9 0.144#
DMCC (ml) 72.8 � 42.5 47.3 � 32.9 0.015a

DMDP (cm H2O) �23.4 � 12.2 14.1 � 14.8 0.011a

DCompliance (ml/cm H2O) 4.9 � 3.5 3.7 � 2.8 0.195#

DOA: detrusor overactivity; VUR: vesicoureteral reflux; MCC: maximum cystometric capacity; MDP: maximum detrusor pressure.
a Yates’ Chi-square.
b Pearson Chi-square Exact test.
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Intradetrusor BoNT-A injections aim to protect the upper
urinary system and increase the patient’s QoL [3,10].
Neurological treatment options are limited in patients for
whom medical treatment has failed. Selective sacral rhi-
zotomy and transurethral electrical bladder stimulation are
used to decrease bladder pressure, increase bladder ca-
pacity, and decrease uninhibited contractions, but limited
clinical experience with these treatment options is avail-
able [4]. BoNT-A treatment reaches a quick effect within
two weeks and a maximum effect within four to six weeks
[2]. In the literature, 65e87% success (a significant increase
in bladder capacity and a decrease in Pdet max to below
40 cm H2O) was reported after intradetrusor BoNT-A in-
jections in children with NB [11]. Clinical success was pro-
vided in 40 (64.5%) patients in the current study. A
significant increase was seen in MCC and bladder compli-
ance, and a significant decrease was observed in MDP in the
overall cohort. However, in patients with hypocompliant
(fibrotic) bladders without DOA, no statistically significant
improvement was provided in any of the urodynamic
parameters.

In the last decade, the effect of BoNT-A on bladder
afferent signaling formed due to the urothelial/sub-
urothelial sensorial dysfunction has been completely clari-
fied, and it has been reported that bladders with poor
compliance cannot benefit from this treatment [3]. Poor
compliance is seen in one-third of SB patients, and the
success probability of BoNT-A treatment is very low in pa-
tients with poor compliance without DOA [11,12].
Structural differences in the bladders of these patients
explain the low success rate. Excess extracellular matrix
accumulation and the development of immature muscle
cells in SB patients constitute bladder wall fibrosis and
neurogenic immaturity due to the under-expression of the
genes responsible for the transmission of nerve impulses,
muscle contractions, and cellecell adhesions [3,13]. This
study also shows that BoNT-A treatment does not provide
urodynamic recovery in patients with hypocompliant
(fibrotic) bladders without DOA. Preoperative compliance
values were observed to be higher in patients with clinical
success compared to patients without success. It was also
observed in this study that the change in MCC and the delta
change in MDP were significantly different in patients with
clinical success. However, no predictive parameters of
clinical success could be found in the multivariable analysis
performed. Studies evaluating the factors predicting the
success of intradetrusor BoNT-A injections are lacking in
the literature. Kim et al. determined that poor bladder
compliance (<10 mL/cm H2O) and open bladder neck
presence were the factors predicting the success of BoNT-A
treatment in their study evaluating children with NB [12]. In
a study by Gaillet et al. that included 31 adult patients with
NB, no parameters that could predict the success of BoNT-A
treatment could be found [14].

The efficacy of BoNT-A treatment generally lasts for 34
weeks, and the mean repeated injection interval is 6e16
months [12]. The median interval between two injections
was 13.1 (6e27) months in this study. There are various
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opinions on whether repeated injections produce antitoxin
antibodies and reduce effectiveness [6]. After a mean
follow-up of 28.5 months, a total of 117 BoNT-A injections
were delivered to patients who were given repeated in-
jections, and augmentation cystoplasty was only needed in
two patients in the present study. Augmentation cys-
toplasty is a historically used surgical method increase
bladder capacity and decrease bladder pressure [15].
However, it is an irreversible, major operation with signif-
icant morbidity. Thus, patients need to benefit from
repeated BoNT-A injections [2,16].

Spontaneous resolution probability is lower in secondary
VUR compared to primary VUR in patients with NB.
Increasing bladder capacity and compliance in these pa-
tients contributes to the success of anti-reflux surgery [5].
In the study by Neel et al., BoNT-A and Deflux were applied
to ten patients and 16 refluxing ureters in the same session,
providing a 100% total resolution in grade three and four
refluxing ureters and 83.3% resolution in grade five refluxing
ureters [17]. In this study, when all refluxing ureters were
included, complete resolution was provided in 53.8% of the
ureters, and regression was provided in 26.9%. The causes
for the relatively low complete resolution rate in this study
were considered to be that most VUR patients were in the
poor compliance without DOA group, and half of the total
refluxing ureters had grade four or five VUR. Studies have
shown that the success rate is low in duplicated systems
and patients with NB [18]. This proves once again that
lower urinary system treatment has an important place in
reflux treatment, and the upper urinary system should be
protected through reflux intervention in patients with NB.

This study has some limitations that should be taken into
consideration. It was retrospective, and a control group was
lacking due to the study design. There was no data on a
video-urodynamic study, which evaluates urethral pres-
sures and bladder pressures and their relationships with
VUR. The follow-up time was relatively short. The patients’
responses to repeated injections, the development of
resistance, and the requirement of additional treatment
could be evaluated more clearly with a longer follow-up.

One of our other limitation was that; we did not assess
the rate of UTIs, ultrasound findings and the necessity of
renal transplantation in the long term.

Conclusion

This is the largest trial evaluating the treatment success for
intradetrusor BoNT-A injections in children with NB. The
results of this study showed that intradetrusor BoNT-A is
effective and safe, with clinical and urodynamic success in
children with NB who have urinary incontinence resistant to
anticholinergic and CIC treatments, and it reduces the need
for augmentation cystoplasty. However, the children who
had hypocompliant (fibrotic) bladders were the least
responsive to BoNT-A injections.
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