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INTRODUCTION

Vesicoureteral reflux (VUR) is a common problem that affects 
15%–50% of patients with neurogenic bladder (NB) [1]. It is an 
important risk factor for renal scarring and may be caused by 
an anatomically defective ureterovesical junction or by a nor-

mal ureterovesical junction mechanism that is overwhelmed by 
increased detrusor pressure, as in NB. In NB, VUR depends 
more on increased bladder pressure or chronic infections, blad-
der trabeculations, and diverticula, which may disrupt the valve 
mechanism [2-4]. Children with NB may have high detrusor 
pressures due to a dyssynergic external sphincter and poor 
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Purpose: We retrospectively evaluated the efficacy of botulinum neurotoxin A (BoNT-A) on vesicoureteral reflux (VUR), 
continence status, and urodynamic parameters in children with myelodysplasia who were not responsive to standard conser-
vative therapy.
Methods: The study included 31 children (13 boys, 18 girls) with a mean age of 9.2±2.3 years (range, 5–14 years) with myelo-
dysplasia, retrospectively. All children were fully compatible with clean intermittent catheterization (CIC) and did not respond 
to the maximum tolerable anticholinergic dose. All children received an intradetrusor injection of 10 U/kg (maximum, 300 U) 
of BoNT-A into an infection-free bladder. All patients had VUR (22 unilateral, 9 bilateral) preoperatively. The grade of reflux 
was mild (grades 1, 2), intermediate (grade 3), and severe (grades 4, 5) in 25, 7, and 8 ureters, respectively.
Results: The mean maximum bladder capacity increased from 152.9±76.9 mL to 243.7±103 mL (P<0.001), and the maxi-
mum detrusor pressure decreased from 57±29.4 cm H2O to 29.6±13.9 cm H2O (P<0.001). After BoNT-A treatment, 16 re-
fluxing ureters (40%) completely resolved, 17 (42.5%) improved, 5 (12.5%) remained unchanged, and 2 (5%) became worse. 
Of the 31 children with urinary leakage between CICs, 22 (71%) became completely dry, 6 (19%) improved, and 3 (10%) ex-
perienced partial improvement.
Conclusions: In children with myelodysplasia, we were able to increase bladder capacity, enhance continence, and prevent 
VUR by using intradetrusor BoNT-A injections. Although our results are promising, a larger group of long-term prospective 
studies are warranted to investigate this method of treatment.
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bladder compliance. The cornerstone of reflux management in 
these cases of NB is to reduce the detrusor pressure. If the blad-
der pressure decreases, the reflux can resolve spontaneously. 
The aim of treatment is to eliminate urinary tract infections and 
to protect kidney function. Initial treatment in NB begins with 
clean intermittent catheterization (CIC) and anticholinergic 
treatment, which can lead to spontaneous resolution in 43%–
58% of cases [5,6]. However, a significant proportion of chil-
dren do not achieve a satisfactory therapeutic effect through 
these modalities, or treatment is discontinued due to the ad-
verse effects of treatment [7]. If there is no response to these 
treatments, ureteric reimplantation with or without bladder 
augmentation has proved to be successful in NB, as in normal 
bladders [1]. Second-line treatments include minimally inva-
sive procedures such as botulinum neurotoxin A (BoNT-A) in-
jections and neuro-stimulation [8]. In clinical use, BoNT-A 
treatment has been shown to be well-tolerated and effective, 
with rare systemic adverse effects [9]. The precise mechanism 
underlying the efficacy of BoNT-A injections remains un-
known. Many studies have shown that detrusor pressure de-
creases and bladder capacity increases after BoNT-A treatment 
[10-12]. In this study, we reviewed our experience of managing 
children with NB due to myelodysplasia with VUR who did not 
respond to conservative treatment and evaluated the effects of 
BoNT-A treatment on VUR in this group of children. The pri-
mary outcome was to determine the VUR status through void-
ing cystourethrography before and 6 weeks after BoNT-A injec-
tions. The secondary outcomes were continence status and uro-
dynamic parameters.
 

MATERIALS AND METHODS

The files of 31 children with myelodysplasia who underwent 
BoNT-A treatment due to high detrusor pressure despite anti-
cholinergic treatment and CIC use between 2012 and 2019 
were evaluated retrospectively. Thirty-one children had VUR in 
40 ureters (22 unilateral and 9 bilateral VUR) before the treat-
ment. According to the system introduced in an international 
study of reflux, reflux was mild in 25 ureters (grades 1 and 2 at 
a score of 5 points), moderate (grade 3) in 7 ureters, and severe 
(grades 4 and 5) in 8 ureters [13]. BoNT-A injections (10 U/kg, 
diluted with 0.9% NaCl, with a maximum dose of 300 U) were 
made into the bladder base and dome under general anesthesia, 
with 20 to 30 injections performed depending on the total dose 
under rigid cystoscopic guidance. The base of the bladder was 

not preserved. Although the need for BoNT-A injections 
ranged from 6 months to 1 year, reflux responses were evaluat-
ed only after the first BoNT-A injection in our study. Before 
and 6 weeks after BoNT-A treatment, continence status was as-
sessed and cystograms, urinary ultrasound, and urodynamic 
examinations were performed. The definition of hydronephro-
sis included all grades (1–4) of the Society for Fetal Urology. 
For urodynamic studies, a computerized system (Locum Wire-
less Urodynamic System; Aymed, Istanbul, Turkey) was used. 
The formulation used for BoNT-A treatment was Botox (Aller-
gan, Irvine, CA, USA). The intradetrusor BoNT-A injections 
were applied using a technique similar to that described in our 
previous study [10].
 The inclusion criteria were as follows: failure or inability to 
tolerate oral anticholinergic therapy, CIC use, and having NB 
due to myelodysplasia and VUR prior to BoNT-A injection. 
The exclusion criteria were having previous bladder surgery 
and current treatment with endovesical pharmacologic agents.

Statistical Analysis
The normality of distribution of the parameters was evaluated 
using the Shapiro-Wilk test. The paired-sample t-test was used 
to compare normally distributed parameters, and the Wilcoxon 
signed-rank test was used to compare parameters that did not 
show a normal distribution. Cross-tabulation was used to show 
the distribution of VUR and hydronephrosis. The McNemar 
test was used to compare qualitative data.

RESULTS

Thirty-one children with myelodysplasia were treated with 
BoNT-A injections between 2012 and 2019. The children had 
VUR before BoNT-A treatment. The mean age of these 31 chil-
dren (13 boys, 18 girls) was 9.2±2.3 years (range, 5–14 years). 
All children were found to have used CIC and anticholinergics 
before BoNT-A injections; they were fully compatible with CIC 
and did not respond to the maximum tolerable anticholinergic 
dose. It was observed that 6 weeks after BoNT-A treatment, 22 
of the children (71%) became completely dry, 6 (19%) had im-
proved leakage, and 3 (10%) had a partial improvement with 
occasional leaks. The mean maximal cystometric capacity in-
creased from 152.90 ±76.97 mL (range, 45–324 mL) to 
243.74±103.09 mL (range, 88–600 mL), the maximum detru-
sor pressure decreased from 57.1±29.44 cm H2O (range, 21–
140 cm H2O) to 29.65±13.94 cm H2O (range, 11–61 cm H2O), 
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and bladder compliance improved significantly from 3.77±3.14 
mL/cm H2O to 11.26±7.33 mL/cm H2O (P<0.001, P<0.001, 
P<0.001, respectively). The urodynamic study results are sum-
marized in Table 1. The grade of reflux was mild (grades 1, 2), 

intermediate (grade 3), and severe (grades 4, 5) in 25, 7, and 8 
ureters, respectively. It was observed that reflux disappeared in 
16 children (40%), improved in 17 children (42.5%), remained 
unchanged in 5 children (12.5%), and became worse in 2 chil-

Table 1. Evaluation of changes in the preoperative and postoperative periods    

Variable Preoperative Postoperative P-value

Maximum cystometric capacity (mL) 152.90±76.97 243.74±103.09 0.000*,a)

Maximum detrusor pressure (cm H2O) 57.1±29.44 (55) 29.65±13.94 (27) 0.000*,b)

Compliance (mL/cm H2O) 3.77±3.14 (3) 11.26±7.33 (10) 0.000*,b)

Leakage 31 (100) 9 (29) 0.000*,c)

Values are presented as mean±standard deviation (median) or number (%). 
a)Paired-samples t -test. b)Wilcoxon signed-rank test. c)McNemar test. *P<0.05. 

Table 2. VUR status before and after botulinum neurotoxin A (BoNT-A) treatment   

BoNT-A treatment
VUR grade

P-valuea)

0 1 2 3 4 5

Preoperative 22 (35.5) 13 (21.0) 12 (19.4) 7 (11.3) 4 (6.5) 4 (6.5) 0.001*

Postoperative 38 (61.3) 11 (17.7) 6 (9.7) 4 (6.5) 1 (1.6) 2 (3.2)

Values are presented as number (%).       
VUR, vesicoureteral reflux.       
a)McNemar test. *P<0.05.    

Table 3. Cross-tabulation of preoperative and postoperative VUR status  

Preoperative VUR grades
Postoperative VUR grades

Total
0 1 2 3 4 5

0 22 0 0 0 0 0 22

1 10 2 1 0 0 0 13

2 5 6 1 0 0 0 12

3 1 2 3 0 1 0 7

4 0 1 1 2 0 0 4

5 0 0 0 2 0 2 4

Total 38 11 6 4 1 2 62

VUR, vesicoureteral reflux. 

Table 4. Hydronephrosis status before and after botulinum neurotoxin A (BoNT-A) treatment   

BoNT-A treatment
Hydronephrosis

P-valuea)

0 1 2 3 4

Preoperative 34 (54.8) 13 (21.0) 9 (14.5) 5 (8.1) 1 (1.6) 0.014*

Postoperative 44 (71.0) 8 (12.9) 5 (8.1) 4 (6.5) 1 (1.6)

Values are presented as number (%).       
VUR, vesicoureteral reflux.       
a)McNemar test. *P<0.05. 
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dren (5%) after BoNT-A treatment. Tables 2 and 3 show VUR 
status before and after BoNT-A treatment.
 The hydronephrosis grade in ultrasound imaging before 
BoNT-A treatment was normal in 34 renal units (54.8%), mild 
(grades 1–2) in 22 (35.48%), moderate (grade 3) in 5 (8.1%), 
and severe (grade 4) in 1 (1.6%). Postoperative ultrasonography 
showed no hydronephrosis in 44 children (71.0%), mild hydro-
nephrosis (grades 1–2) in 13 (21.0%), moderate hydronephrosis 
(grade 3) in 4 (6.5%), and worsened hydronephrosis (grade 4) in 
1 (1.6%), respectively. Hydronephrosis was improved in 18 renal 
units (29.03%) at the follow-up. Tables 4 and 5 show the changes 
in hydronephrosis. No serious adverse events were observed.

DISCUSSION

Compared to primary VUR, secondary VUR in NB is unlikely 
to resolve spontaneously, and it is less likely to heal with antire-
flux surgery independent of the surgical method. This is due to 
suboptimal bladder dynamics. The key to improved results is to 
ensure adequate bladder capacity and compliance. In the past, 
urinary diversion was considered as the most ideal treatment 
for VUR in children with myelodysplasia, but the long-term re-
sults showed that this was not appropriate for these cases. In 
1972, Lapides and Diocno introduced CIC as an adequate and 
safe method for drainage in cases of NB. Since then, CIC has 
become the mainstay treatment of NB. Anticholinergics and 
CIC are reliable methods for lowering intravesical pressure dur-
ing bladder filling and emptying [14]. In 30%–50% of cases, 
VUR resolution can be achieved in 2–3 years with CIC and 
medical treatment [15,16]. The timing of CIC initiation de-
pends on the physician, the presence of detrusor sphincter dys-
synergia, the high potential of deterioration of the upper uri-
nary tract, and the presence of high leak point pressures, but 
when started at a young age, the child and parent adapt more 

easily to CIC [2].
 Ureteral reimplantation alone is a reasonable approach if 
there is adequate bladder capacity and compliance. Surgery is 
difficult in NB, and intravesical techniques in particular in-
crease the risk of ureteral obstruction. The Cohen cross-trigo-
nal technique approaches a 100% success rate for primary 
VUR, whereas its success in secondary VUR is only 85%–96% 
[17,18].
 Although the success rate was higher for primary VUR, the 
success rate of endoscopic procedures for NB has been reported 
to range from 53% to 86% [6,19]. Recently, studies have shown 
the effectiveness of a combination of subureteral injections and 
BoNT-A to target elevated pressures and reflux [20].
 Since the first use of BoNT-A (Botox) for NB, studies have 
shown that BoNT-A is a safe and effective second-line treat-
ment of both idiopathic detrusor overactivity and cases of NB 
that are unresponsive to standard conservative treatment 
[21,22]. BoNT-A treatment has been found to yield excellent 
results in the pediatric population [10,23]. A significant im-
provement was observed in urodynamic parameters after 
BoNT-A treatment in our study, including a 59% increase in 
capacity and a 48% decrease in pressure. It was observed that 
the frequency of CIC, as well as the frequency of urine leakage, 
improved after BoNT-A treatment in our study, confirming 
previous findings [22,24]. Twenty-two children (71%) became 
completely dry, 6 children (19%) showed improved leakage, 
and 3 children (10%) had partial improvement with occasional 
leaks. Initially, we investigated whether BoNT-A solely exerted 
its effects by reducing intravesical pressure to resolve VUR. 
With this minimally invasive technique, 82.5% of refluxing ure-
ters either disappeared or regressed. However, Neel et al. [20] 
suggested combining endoscopic treatment of VUR with 
BoNT-A injection to prevent recurrence of reflux, showing that 
BoNT-A treatment was effective for the regression of VUR in 

Table 5. Cross-tabulation of preoperative and postoperative hydronephrosis status 

Preoperative hydronephrosis
Postoperative hydronephrosis

Total
0 1 2 3 4

0 34 0 0 0 0 34

1 9 4 0 0 0 13

2 1 4 2 2 0 9

3 0 0 3 1 1 5

4 0 0 0 1 0 1

Total 44 8 5 4 1 62



www.einj.org    325

 Toprak, et al.  •  VUR Status After BoNT-A Treatment INJ

Int Neurourol J  December 31, 2019

patients with myelomeningocele. Mascarenhas et al. [25] 
showed that BoNT-A injections did not cause de novo VUR 
despite trigonal injections. In fact, they showed that VUR re-
gression could be obtained using BoNT-A injections. In our 
study, reflux worsened after BoNT-A injection in 2 children, 
but there was no clear reason for this deterioration. A higher 
dose of BoNT-A may have a different effect on the antireflux 
mechanism, but we did not have the opportunity to investigate 
this possibility. No serious adverse events were observed. We 
observed that hydronephrosis regressed in 64.2% of renal units. 
This finding can most likely be explained by the decrease in 
bladder pressure after BoNT-A treatment.
 This study is retrospective and has a small sample size, but it 
also contains a large cohort of children treated for NB due to 
myelodysplasia. There were no data on videourodynamic stud-
ies in our study, although such information could yield better 
information regarding the relationship between increased blad-
der pressure and VUR. We did not have the opportunity to 
compare different doses of BoNT-A injections, which should 
be investigated in further studies.
 In conclusion, in children with NB due to myelodysplasia, it 
is necessary to maintain bladder dynamics at reasonable levels 
to prevent VUR and to improve the success of other treatments. 
For this purpose, BoNT-A is an effective and safe second-line 
treatment option for patients with NB who are refractory to an-
timuscarinics. It is possible to enhance continence, reduce blad-
der pressure, and increase the maximum bladder capacity by 
using intradetrusor injections of BoNT-A. This minimally in-
vasive treatment can protect the upper urinary tract from the 
possible effects of VUR and enhance the success rate of other 
treatment modalities. Although our results are promising, the 
risks and benefits of management options must be weighed 
with due consideration of each individual case, and long-term 
prospective studies with larger groups are warranted to investi-
gate this method of treatment.

AUTHOR CONTRIBUTION STATEMENT

·  Full access to all the data in the study and takes responsibility 
for the integrity of the data and the accuracy of the data analy-
sis: TT, YOD, AV 

·  Study concept and design: TT, YOD, AV
·  Acquisition of data: YOD, TT
·  Analysis and interpretation of data: TT, YOD
·  Drafting of the manuscript: TT, YOD

·  Critical revision of the manuscript for important intellectual 
content: AV

·  Statistical analysis: TT, YOD
·  Obtained funding: None
·  Administrative, technical, or material support: None
·  Study supervision: AV
 

REFERENCES

1. Jeffs RD, Jonas P, Schillinger JF. Surgical correction of vesicoureter-
al reflux in children with neurogenic bladder. J Urol 1976;115:449-
51.

2. Seki N, Akazawa K, Senoh K, Kubo S, Tsunoda T, Kimoto Y, et al. 
An analysis of risk factors for upper urinary tract deterioration in 
patients with myelodysplasia. BJU Int 1999;84:679-82.

3. Sidi AA, Peng W, Gonzalez R. Vesicoureteral reflux in children 
with myelodysplasia: natural history and results of treatment. J 
Urol 1986;136(1 Pt 2):329-31.

4. Morioka A, Miyano T, Ando K, Yamataka T, Lane GJ. Management 
of vesicoureteral reflux secondary to neurogenic bladder. Pediatr 
Surg Int 1998;13:584-6.

5. López Pereira P, Martinez Urrutia MJ, Lobato Romera R, Jauregui-
zar E. Should we treat vesicoureteral reflux in patients who simul-
taneously undergo bladder augmentation for neuropathic bladder? 
J Urol 2001;165(6 Pt 2):2259-61.

6. Engel JD, Palmer LS, Cheng EY, Kaplan WE. Surgical versus endo-
scopic correction of vesicoureteral reflux in children with neuro-
genic bladder dysfunction. J Urol 1997;157:2291-4.

7. Herbison P, Hay-Smith J, Ellis G, Moore K. Effectiveness of anti-
cholinergic drugs compared with placebo in the treatment of over-
active bladder: systematic review. BMJ 2003;326:841-4.

8. Thüroff JW, Abrams P, Andersson KE, Artibani W, Chapple CR, 
Drake MJ, et al. EAU Guidelines on Urinary Incontinence. Actas 
Urol Esp 2011;35:373-88.

9. Rapp DE, Lucioni A, Bales GT. Botulinum toxin injection: a review 
of injection principles and protocols. Int Braz J Urol 2007;33:132-
41.

10. Top T, Sekerci CA, Isbilen-Basok B, Tanidir Y, Tinay I, Isman FK, 
et al. The effect of intradetrusor botulinum neurotoxin type A on 
urinary NGF, TGF BETA-1, TIMP-2 levels in children with neuro-
genic detrusor overactivity due to myelodysplasia. Neurourol Uro-
dyn 2017;36:1896-902.

11. Sekerci CA, Tanidir Y, Toprak T, Basok BI, Isman F, Simsek F, et al. 
Value of urinary brain-derived neurotrophic factor levels on the as-
sessment of botulinum toxin type A treatment for neurogenic de-



326    www.einj.org

Toprak, et al.  •  VUR Status After BoNT-A TreatmentINJ

Int Neurourol J  December 31, 2019

trusor overactivity in children with myelodysplasia. J Urol 2019; 
201:174-80.

12. Hascoet J, Peyronnet B, Forin V, Baron M, Capon G, Prudhomme 
T, et al. Intradetrusor injections of botulinum toxin type A in chil-
dren with spina bifida: a multicenter study. Urology 2018;116:161-
7.

13. Lebowitz RL, Olbing H, Parkkulainen KV, Smellie JM, Tamminen-
Möbius TE. International system of radiographic grading of vesi-
coureteric reflux. International Reflux Study in Children. Pediatr 
Radiol 1985;15:105-9.

14. Lindehall B, Claesson I, Hjälmås K, Jodal U. Effect of clean inter-
mittent catheterisation on radiological appearance of the upper 
urinary tract in children with myelomeningocele. Br J Urol 1991; 
67:415-9.

15. Bauer SB. Neurogenic bladder: etiology and assessment. Pediatr 
Nephrol 2008;23:541-51.

16. Merlini E, Beseghi U, De Castro R, Perlasca E, Podesta E, Riccipeti-
toni G. Treatment of vesicoureteric reflux in the neurogenic blad-
der. Br J Urol 1993;72:969-71.

17. Kondo A, Otani T. Correction of reflux with the ureteric crossover 
method. Clinical experience in 50 patients. Br J Urol 1987;60:36-8.

18. Granata C, Buffa P, Di Rovasenda E, Mattioli G, Scarsi PL, Podesta 
E, et al. Treatment of vesico-ureteric reflux in children with neuro-
pathic bladder: a comparison of surgical and endoscopic correc-
tion. J Pediatr Surg 1999;34:1836-8.

19. Perez-Brayfield M, Kirsch AJ, Hensle TW, Koyle MA, Furness P, 
Scherz HC. Endoscopic treatment with dextranomer/hyaluronic 
acid for complex cases of vesicoureteral reflux. J Urol 2004;172(4 Pt 
2):1614-6.

20. Neel KF, Salem M, Soliman S. Total endoscopic management 
(TEM approach) of children with non-compliant neuropathic 
bladder: a preliminary report. J Pediatr Urol 2008;4:124-6.

21. Schurch B, Schmid DM, Stöhrer M. Treatment of neurogenic in-
continence with botulinum toxin A. N Engl J Med 2000;342:665.

22. Karsenty G, Denys P, Amarenco G, De Seze M, Gamé X, Haab F, et 
al. Botulinum toxin A (Botox) intradetrusor injections in adults 
with neurogenic detrusor overactivity/neurogenic overactive blad-
der: a systematic literature review. Eur Urol 2008;53:275-87.

23. Tarcan T, Akbal C, Sekerci CA, Top T, Simşek F. Intradetrusor in-
jections of onabotulinum toxin-A in children with urinary inconti-
nence due to neurogenic detrusor overactivity refractory to anti-
muscarinic treatment. Korean J Urol 2014;55:281-7.

24. Schurch B, de Sèze M, Denys P, Chartier-Kastler E, Haab F, Ever-
aert K, et al. Botulinum toxin type a is a safe and effective treatment 
for neurogenic urinary incontinence: results of a single treatment, 
randomized, placebo controlled 6-month study. J Urol 2005;174: 
196-200.

25. Mascarenhas F, Cocuzza M, Gomes CM, Leão N. Trigonal injec-
tion of botulinum toxin-A does not cause vesicoureteral reflux in 
neurogenic patients. Neurourol Urodyn 2008;27:311-4.

 


