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Children with Non-Neurogenic Lower Urinary Tract Dysfunction
Require Less Frequent and Number of Botulinum Toxin Injections
Than Neurogenic Ones
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What’s known on the subject? and What does the study add?

Despite having different etiologies, neurogenic bladder and non-neurogenic lower urinary tract pathologies have similar clinical presentation
and common symptoms. In our study, we aimed to point out the clinical outcome differences (duration of response and requirement for repeat
injections) in different patient groups. In addition, the number of patients is considerably high for a single institute. There is only one study including
a group larger than 89 patients (257 patients). The other studies were mostly conducted in patient groups of less than 60 cases.

Abstract E T

Objective: To evaluate pediatric patients with lower urinary tract dysfunction (LUTD) who received bladder or external sphincter botulinum toxin A
(BTX) injection in terms of effectiveness and permanence.

Materials and Methods: We analyzed 80 patients treated with intradetrusor (n=48) n or intrasphincteric (n=32) BTx injection between May 2007
and December 2019. We divided the patients into 2 groups: Neurogenic bladder (NB) and LUTD. Clinical assessment of results was mainly done
with Dysfunctional Voiding and Incontinence Symptoms Score (DVISS) and quality of life questionnaires and dryness status. Uroflowmetry with
electromyography and video-urodynamic study was performed postoperatively.

Results: Mean age and follow-up time were 123.0+48.3 and 30.1+5.8 months. For bladder BTx (NB: 18 patients; LUTD: 30 patients), the response
rate was 79.1% (n=38). NB patients' response duration was shorter (32 vs 87 weeks) and required subsequent multiple injections more (55% vs 23%)
than the LUTD group. For sphincter BTx (NB: 13 patients; LUTD: 19 patients) clinical improvement was found in 75% (n=24) n of the patients. There
was no significant difference between the NB and LUTD groups. DVISS and quality of life questionnaires showed substantial decrease in the LUTD
groups after bladder (p<0.001) and sphincter (p<0.05) BTx injection. NB patients showed significant dryness status in both BTx-B (pre: 3.2%, post:
82.1%, p<0.05, chi-square test) and BTx-S (pre: 0%, post: 100%, p<0.05, chi-square test) patients postoperatively.

Conclusion: This study demonstrated that BTx injection is an effective and safe treatment in pediatric patients with NB and LUTD. With its benefits,
this endoscopic treatment should be kept in mind before major constructive surgeries.
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Introduction weak caliber, intermittent urination, dysuria, post-voiding
dribbling (1).

Lower urinary tract dysfunction (LUTD) denotes any deviation

from normal physiological storage and emptying functions

of the bladder. Symptoms can be listed as daytime frequency,

incontinence, urgency, nocturia, hesitancy, straining to void,

The etiology of LUTD can be divided into two basic categories:
Neurogenic and non-neurogenic. Neurogenic LUTD is an
abnormality of bladder and/or sphincter innervation and is due
to congenital anomalies or acquired conditions (2).
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Neurogenic bladder (NB) treatment aims at preservation of
the upper urinary tract with low bladder pressure and normal
compliance. CIC and antimuscarinic medications are initial tools
to manage this condition (3).

Non-neurogenic LUTD can be identified within a spectrum of
conditions starting from detrusor instability to serious cases
affecting the upper urinary tracts without any known neurologic
cause. Treatment aims at normalizing the voiding pattern and
pelvic floor activity, incontinence and urinary tract infections.
Physiotherapy, biofeedback, antimuscarinic and alfa-blocker
medications, antibiotics can be used depending on the type and
severity of symptoms at initial diagnosis (4).

Patients who do not benefit from initial treatment modalities,
would need more invasive options ranging from endoscopic
injection to open surgery like bladder augmentation. Botulinum
toxin (BTx) injection with cytoscopic guidance into the detrusor
or external urethral sphincter (EUS) is efficient in decreasing
muscle overactivity with no serious side effects by interfering
with SNAP proteins and blocking neurotransmitter release into
the synaptic cleft (5). This is the most up-to-date alternative
that can be used before irreversible surgical treatments.

Our hypothesis in this study is that BTx application to the
detrusor and/or sphincter is an effective and safe treatment
in non-neurogenic and neurogenic LUTD. For this purpose, we
retrospectively evaluated pediatric patients who received BTx
treatment.

Materials and Methods

This retrospective clinical study (Hacettepe University Local Ethic
Committee, approval number: GO-18/449, date: 15.05.2018)
included 89 patients who were treated with bladder or sphincter
botulinum toxin A (BTX) injection between May 2007 and
December 2019. Patients were given detailed information about
the procedure and informed consent was obtained.

The indication for the procedure was the absence of clinical
response to treatment for detrusor and/or sphincteric overactivity
[standard urotherapy, medications, clean intermittent
catheterization (CIC)] in non-neurogenic and neurogenic
LUTD patients. None of the NB had a history of augmentation,
cathaterizable stoma, or bladder neck surgery. In LUTD patients,
the decision of response to medical treatment was given after
at least 6 months of continuous use of antimuscarinics. Video-
urodynamic study (VUDS) was applied to all patients. VUDS was
performed in patients with sterile urine culture. During the
procedure, a 7 Fr cystometry and rectal catheters were placed
into the bladder and rectum. The bladder was filled with saline
at room temperature at a rate of 5-10% mL/min of expected
bladder capacity. Cystometric capacity, bladder and detrusor
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pressure, bladder compliance, bladder activity, were recorded.
Bladder capacity and pressure at the initiation of reflux were
recorded, if present. At the end, residual urine was calculated.
Uroflowmetry (UF) with electromyography (EMG) was performed
in all patients with dysfunctional voiding. Inclusion criteria for
sphincter BTx were inefficient emptying with high-postvoiding
residual volume, urinary incontinence and/or voiding symptoms
with pathological UF pattern and EMG activity during urination
in at least 2 consecutive tests.

BTX was injected into detrusor only, sphincter only and
detrusor and sphincter simultaneously in 48, 32, and 9 children,
respectively. BTX was injected with the guidance of a rigid
cystoscope under general anesthesia in the presence of sterile
urine. The total dose of BTX was 150-200 IU for the bladder with
20 injection sites sparing the trigone (6) (10 IU/kg, maximum
total dose 200 IU), 50 IU for the sphincter diluted in 4 mL saline
(12.5 IU/mL), were injected in 4 quadrants (3, 6, 9 12 o'clock
positions) CITATION (7). Clinical outcomes were assessed with
questionnaires including symptoms, postoperative UF and
VUDS if parents approved. Demographic parameters (age,
sex), the number of injections, clinical benefit, Dysfunctional
Voiding and Incontinence Symptoms Score (DVISS), quality of
life (Qol), dryness between CIC, time to initiate the effect and
duration of efficacy, urodynamic parameters were recorded and
compared before and after BTx injection. Efficacy parameters
were continence or decrease in total number of incontinence
episodes, prolonged dry time, normalized voiding pattern,
decrease in DVISS score, cessation of recurrent urinary tract
infections. Indications for repeat injections were recurrence of
symptoms.

Statistical Analysis

In the statistical comparison of the data, chi-square test, Mann-
Whitney U test, t-test were used with the Statistical Package
for Social Sciences (SPSS 17.0). A p-value less than 0.05 in the
95% confidence interval was considered statistically significant.

Results

Since the number of patients who underwent simultaneous
bladder and sphincter injections was small, the statistical
analysis was performed in those with detrusor only and
sphincter only cases. Mean age of first application and follow-
up was 123.0+48.3 and 30.1+5.8 months, respectively. Female/
male ratio was 44/36. 58% of the children had LUTD, whereas
42% of them had NB. The causes of NB were spina bifida and
myelomeningocele.

Clinical improvement was observed in 83.3% (40) of who
received BTx injection to the bladder (BTx-B) after a median
number of 1 (1-3) injection. NB patients had a shorter duration
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of response (32 vs 87 weeks) and required more injections than
LUTD patients (55% vs 23%) (Table 1).

Clinical improvement after BTx injection to sphincter (BTx-S)
was observed in 75% (24) children with a median number of
1 (1-2) injection with a mean duration of action of 27.8+25.7
weeks. There was no statistically significant difference between
NB (n=13) and LUTD (n=19) in terms of response parameters
(Table 2).

The DVISS and Qol scores of the LUTD group decreased
significantly in the postoperative period who underwent BTx-B
and BTx-S (Table 2). NB patients were evaluated with dryness
status between CIC before and after BTx injection. The results
showed a statistically significant difference with 82.1% (pre:
3.2%, post: 82.1%, p<0.05, chi-square test) and 100% (pre: 0%,
post: 100%, p<0.05, chi-square test) dryness after the BTx-B
and BTx-S group, respectively.

Although, all patients underwent preoperative VUDS, only the
parents of 29 patients allowed us to perform postoperative
VUDS. The comparison of pre- and post-operative urodynamic

studies in 29 children revealed increased bladder capacity
(V). decreased Pdet and Pves . However, decreases in
Pdet ~and Pves  were significant in LUTD patients where
the increase in Vmax was significant in NB patients (Tables 3 and
4). VUDS in these patients revealed improvement in detrusor
overactivity (presence of detrusor overactivity, preoperative:
71.1% vs postoperative: 55.6%, p=0.037, McNemar test) and
compliance (presence of hypocompliance, preoperative: 71.4%
vs postoperative: 520, p=0.039, McNemar test). Detrusor reflex
volumes (DRV) increased after the procedure in both LUTD [from
51.00 (4.00-275.00 to 148.00 (21.00-647.00) mL, Wilcoxon
signed-rank test, p=0.001] and NB (from 61.5+62.4 mL to
98.4+86.2 mL, paired Sample t-test, p=0.029) patients. There
was no statistical significant difference in preoperative DRV
patients with and without clinical response [mean preoperative
DRV with and without clinical response: 72.00 (2.00-524.00),
97.75 (3.00-492.00), respectively, p=0.850, Mann-Whitney U
test].

One BTx-B patient had urinary retention in the postoperative
period requiring catheterization for 24 h. There was no

Table 1. Demographic parameters

Parameter BTx-B Sphincter Btx
Neurogenic Lower urinary tract . . .
bladder dysfunction I(\:le_u1rg§;enlc bladder I(_r(l)\_Nlegr)urmary tract dysfunction
(n=18) (n=30) - B

Boy/girl 10/8 1/19 7/6 3/16

Age (median, min-max)

156 (72-324)

114 (70-205)

129 (94-180)

117 (60-208)

Number of injections (median, min-max)

1(1-3)

1(1-3)

1(1-2)

1(1-2)

Clinical benefit (yes/no) 15/3 23/7 8/5 16/3
Time to effect, week (median, min-max) 2 (0-8) 2 (0-8) 2 (0-4) 2 (0-4)
ll?ntgl;gtlon of efficacy, week (median, min- 32 (11-120) 87 (12-465) 24 (12-64) 29 (5-96)
Single injection/multiple injections 8/10 23/7 13/0 17/2
Min-max: Minimum-Maximum, BTx: Botulinum toxin
Table 2. Comparison of DVISS and QoL scores of LUTD patients
BTX-B BTX-S
Parameter
pre post p pre post p
DVISS (mean + SD) 20.80+6.39 10.20+7.62 <0.001? 16.63+6.12 8.16+7.37 <0.001?
QoL (mean + SD) 2.60+0.77 1.33+1.12 <0.001° 2.79+0.78 1.16+1.21 <0.001°
DVISS + QoL (mean + SD) 23.51+6.55 12.81+7.71 <0.001? 19.25+6.5 11.06+8.04 0.00?

2: Paired sample t-test, SD: Standard deviation, BTX: Botulinum toxin A, DVISS: Dysfunctional Voiding and Incontinence Symptoms Score, QoL: Quality of life, LUTD: Lower urinary tract

dysfunction

Table 3. Comparison of preoperative and postoperative urodynamic parameters of bladder BTx injection (LUTD group) patients

Non-neurogenic LUTD (n=23) V_. (mean) Pdet (mean) Pves _ (mean)
Preoperative 247 mL 70 cmH,0 76 cmH,0
Postoperative 266 mL 47 cmH,0 56 cmH,0

p 0.281a 0.030° 0.024*

2: Paired sample t-test, LUTD: Lower urinary tract dysfunction, BTx: Botulinum toxin
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urinary tract infection after the procedure and 1 patient had
postoperative pain.

Nine patients who underwent simultaneous bladder and
sphincter injections had a mean age of 135.89+34.09 and male-
to-female distribution of 5/4. Four of 9 had neurogenic origin.
Seven (77.7%) patients benefited from the treatment. None of
them experienced complication.

Discussion

The BTx injection is also a very useful treatment option in LUTD
and NB patients who do not respond to initial non-invasive
treatment modalities with incontinence or repeated urinary
infections (8). These toxins are composed of two chains and
three functional domains: The light chain (LC, ~50 kDa), which
is a zinc-dependent metalloprotease that cleaves the target
proteins in neurons, and the heavy chain (HC), which can be
further divided into the N-terminal membrane translocation
domain (HN, ~50 kDa) and the C-terminal receptor-binding
domain (HC, ~50 kDa). There are 7 serotypes of botulinum
neurotoxins but only botulinum-A serotype is U.S. Food
and Drug Administration-approved for medical uses in
humans (9). There are two subtypes of botulinum-A serotype
neurotoxin, onabotulinum-A (Botox@) and abobotulinum-A
neurotoxin (Dysport@). The onabotulinum-A is mainly used in
urology, whereas abobotulinum-A plays a critical role mainly
in dermatological interventions. However, many studies on
the effect of botulinum injection in the lower urinary tract is
present using the abobotunlinum-A toxin (9). EAU guidelines
recommend the onabotulinum-A toxin injection as a treatment
option for patients with idiopathic or NB overactivity refractory
to the first-line treatment with anticholinergic agents (10). In
the pediatric population, the role of onabotulinum-A toxin
injection is the preservation of renal function preventing the
urinary infections in patients with bladder overactivity or NB.
It is also recommended as a treatment option in patients with
incontinence refractory to the anticholinergic agents (11). As
for the dose, 5 U/kg and 10 U/kg doses have been tested in
the literature (12,13). It comprises a very promising intervention
as it can achieve continence, increase in maximum cystometric
capacity and improvement of compliance and maximum detrusor
pressure (12). Studies with higher doses (12 1U/kg, maximum
300 IU) reported similar clinical results (13). We used a dosage

of 10 IU/kg (not exceeding a total dose of 200 IU) and achieved
symptomatic improvement in 3 of our patients. Recently, the
experimental use of electromotive drug administration (EMDA)
has been investigated with the aim of increasing drug delivery.
It was hypothesized that EMDA provide better BTx delivery into
the deeper detrusor muscle layers. Kajbafzadeh et al. (14) showed
that the EMDA system, in moderate to severe incontinent NB
patients, provided urinary continence in 70% and improvement
in constipation in 77%.

In a recent review, the clinical response to intradetrusor BTx
injection was reported to a range of 65-87% (6). In our study,
the indication for the application of onabotulinum-A injection
in the NB group was the repeated urinary infection or the
urinary incontinence refractory to first-line treatment with
anticholinergic agents. We evaluated the clinical improvement
after the bladder injection using the dryness status. Clinical
improvement was observed in 82.1% patients, which were
statistically significant. Being more significant than the
mentioned objective and subjective findings, we detected
that many patients or the caregivers who benefited from the
procedure, indicating that the timing of re-injection as the
well-being starts to diminish in time. It was noticed that the
effect of BTx injection lasted for 2-24 weeks in literature (6).
We found that the mean duration of the effect persisted for 32
weeks for the bladder and 24 weeks for the sphincter injections.
The systematic review of Hascoet et al. (12) showed that BTx
injection provided improvements in urodynamic parameters as
decreasing the Pdet = (32-54%) and increasing the V  (27-
162%) and compliance (28-180%). Another multicenter study
in 53 NB patients reported 66% clinical improvement rate
and 349% urodynamic success rate was that in fact showed
discrepancy between clinical condition and laboratory tests (15).
In our VUDs, only the V__ statistically significantly increased
(pre-operatively 149 mL vs post-operatively 228 mL) (p<0.05)
and the improvement in other parameters was not significant.
However, the number of patients with postoperative VUD was
small that decreases the reliability of the statistical analysis
result. In terms of repeated injections, literature showed us
great variance of rates from 9% to 47% (13). In our study, many
NB patients (10/18; 55.5%) required more than 1 injection.

Regarding the group of LUTD, in the literature, clinical
improvement after BTx injection for LUTD patients was 38-600%,
whereas the mean efficacy duration was 32 weeks (12,16). In

Table 4. Comparison of preoperative and postoperative urodynamic parameters of bladder BTx injection (NB group) patients
Neurogenic LUTD (n=6) V., (mean) Pdet (mean) Pves (mean)

Preoperative 149 mL 44 cmH,0 43 cmH,0

Postoperative 228 mL 27 cmH,0 37 cmH,0

p 0.028* 0.295° 0.5572

2: Paired sample t-test, LUTD: Lower urinary tract dysfunction, BTx: Botulinum toxin, NB: Neurogenic bladder
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a recent study, 257 patients underwent onabotulinum-A toxin
injection in a fixed dosage of 100 U. Study reported 50% and
45.7% full clinical response rates in patients with enuresis and
daytime incontinence, respectively. The cystometric capacity
increased by 23.1%, 31.6% and 16.8% after the first, second and
third injections. One patient developed post-operatively urinary
retention, which was resolved with temporary CIC (16). In our
study, onabotulinum-A toxin injection was applied to LUTD
patients with incontinence or urinary infection refractory to
first-line treatment with anticholinergic agents. Clinical benefit
was investigated in 79.6% (29/39) and the mean duration of
effect was 87 weeks for the bladder injection and 29 weeks for
the sphincter injections. In this LUTD group, multiple injections
were required in 7 of 30 BTx-B and 2 of 19 BTx-S patients.
In VUDS, the post-operative improvement was statistically
significant in Pdet , Pves ~and compliance. We evaluated the
clinical improvement by using DVISS and QoL questionnaires.
All DVISS, QolL, DVISS+Qol scores were statistically significantly
improved after BTx injection. The only study comparing DVISS
scores in the literature was conducted in patients who received
bladder injections and demonstrated well-being status up to 12
months postoperatively (17). We used this specific scoring system
for the evaluation of both bladder and sphincter injections. In
our study, the pre- and post-operative DVISS values were 20.67
and 10.67 (p<0.05) for the bladder, and 16.75 and 8.93 (p<0.05)
for the sphincter BTx injection patients, respectively.

After the effect of onabotulinum-A in the vesical non-
sympathetic synapses, the neuron starts forming new synapses
to replace the blocked ones. This process is called sprouting,
however the original synapses regenerate and the neo-synapses
degenerate. That is the cause of the temporary effect of the
intradetrusor or intrasphincteric onabotulinum-A injection (18).
The effect of onabotulinum-A toxin on the target-tissue starts
in only a few days and reaches its peak after 2-6 weeks. After
the peak point, the effect of onabotulinum-A toxin decreases
gradually to a minimum level after 6-12 months (19). Antibodies
directed against onabotulinum-A toxin interfere with the
biological aspects of the toxin and may lead to an antibody-
induced failure. The individual dose, the immunologic quality
of the onabotulinum-A preparation and the interval between
injections are determined as risk factors. The cumulative dose,
the treatment time and the patients' age are not presented
as related to antibody induced failure factors. Therefore, it is
recommended that repeat injections should be performed at
least 3 months after the previous one (20). In our investigation,
in both the NB and LUTD groups the time to initiate effect was
0-2 weeks and the duration of the effect was from 24-87 weeks
in accordance with the mentioned pathophysiological data. In
the literature, most studies present a mean effect duration of
6-10 months and a mean re-injection time after 6-9 months
(21). The mean re-injection period of our population was 84

(55-154) weeks. In our study, we detected that NB patients
benefited for a shorter time period (32 weeks) and required
multiple injections (55%) more than LUTD patients (87 weeks,
230%, respectively). There is a lack of literature on the cause of
this difference in effect duration between NB and LUTD patients.
LUTD patients have a disorder which is caused by the maturation
delay of detrusor function. In our perspective, onabotulinum-A
injection provides a period in LUTD patients to achieve detrusor
function maturation and establish a better bladder-sphincter
coordination in the absence of evident neurologic origin (5). This
fact could lead to a more durable result as the bladder-sphincter
dyssynergia plays a principal role in the pathophysiology of
non-NB overactivity. However, NB patients have a permanent
congenital structural disease, which causes the formation
of hypertrophic or hyperactive detrusor muscle fibers. The
provoked bladder wall ischemia and the fibroproliferative
changes lead to lower compliance of the bladder (1,22). These
changes in the bladder wall can lead to a decreased response
to the administration of BTx-A injection (20). Also, Compérat
et al. (23) showed that the bladder wall structure was different
between BTx injection responder and non-responder patients. In
fact, minor fibrosis was found in the bladder wall of responder
patients. Since we don't have histological evaluation, we can just
link our findings of difference between NB and LUTD patients to
the possible relationship between the clinical response (duration
of well-being and number of injections) and the degree of
fibrosis in the bladder wall. Antibody levels before intervention
may be another possible explanation (24). However, neither
ours nor the studies in the literature investigated the difference
between NB and LUTD patients in terms of antibody levels. As
for the sphincter BTX-A injection, there are a limited number of
studies in the literature. Previous studies on the sphincter BTx
injection reported improvement rates in voiding and urodynamic
parameters as 45-77%, and 40%, respectively (25,26). In our
study, clinical improvement was observed in 75% (24/32) of all
patients. Moreover, the mean follow-up was 30.1+5.8 months
and decrease in DVISS and QoL scores were significant. One
must acknowledge that the mean time to effect was 2 (0-4)
weeks in both groups and it is measured at the beginning of the
clinical improvement and it is in accordance with the previous
studies (25,26).

The onabotulinum-A injection is regarded minimally invasive,
but not without complications. Previous studies have mentioned
UTI (4-29%) and urinary retention (4%) as the most encountered
postoperative complications (13,21). In our study, none of the
patients experienced UTI after the procedure. Only 1 episode
of urinary retention and 1 episode of post-operative pain were
recorded.

Our experience showed that the onabotulinum-A toxin injection
is an effective alternative treatment options for NB and LUTD
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patients who do not respond to first-line therapy. It is a minimal
invasive procedure which can easily be repeated. The clinical and
urodynamic outcomes are very satisfying, whereas the cost is far
lower than that of bladder augmentation procedures. Although,
it cannot replace the role of bladder reconstruction, particularly
for NB patients, BTx injection has provided symptomatic relief
in 75% that simply means to spare these children from more
invasive major augmentation procedures.

Study Limitations

There are limitations in our study. Firstly, it was a retrospective
study. Additionally, VUD was not performed in all patients post-
operatively. VUD is a very painful and stressful examination,
especially for the children. Due to being invasive, it has its
possible adverse events. Therefore, in most of the cases, parents
did not agree to their children to undergo another invasive
examination only for academic purposes, once the clinical
benefit was well established with the use of questionnaires.
Actually, most of the previous studies revealed that objective
assessment tools are most of the time in consistency with the
subjective ones (21,23).

Conclusion

The results of our study show that BTx injection for children
with NB and LUTD is effective and safe with the potential of
saving a significant number of patients from further more
invasive treatment. Although it was not surprising, this study
was the first to show objectively that the effect of BTx injections
in LUTD patients lasts longer and this population requires less
number of interventions than the NB group. Our findings need
to be verified by future studies with longer follow-up in a larger
groups of patients with more detailed urodynamic evaluation.
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