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B MAIN POINTS B ABSTRACT

Intradetrusor botulinum toxin A (BTX-A) is
a minimally invasive option for pediatric
patients with medically refractory neuro-
genic bladder and can reduce storage-
phase detrusor pressure.

Achieving safe storage pressures (30--35
cmH-0) is essential for upper urinary tract
preservation, yet the response to BTX-A is
heterogeneous.

At 6 months after intradetrusor BTX-A, the
reduction in pressure was modest, and only
a minority of patients reached safe storage
thresholds.

Higher baseline p_det and preserved re-
nal function (eGFR) were associated with a
clinically meaningful response, defined as
a decrease of >10 cmH-0.

Baseline p_det demonstrated fair discrimi-
nation in predicting response (AUC 0.72),
which may support pressure-guided can-
didate selection (external validation is re-
quired).

Aim: Pediatric neurogenic bladder (NB) represents a challenging condition that jeop-
ardizes both lower and upper urinary tract integrity. This study aimed to evaluate the
pressure-lowering efficacy of intradetrusor botulinum toxin A (BTX-A) in children with
spinal-origin NB and to identify clinical and urodynamic predictors of treatment response.

Materials and Methods: In this retrospective cohort study, 38 pediatric patients with
spinal-origin NB who received 100 IU of BTX-A between October 2023 and December
2024 were analyzed. BTX-A was injected cystoscopically at 20 detrusor sites, sparing
the trigone. The primary outcome was the 6-month change in storage-phase detrusor
pressure (Ap_det), calculated as p_det = p_ves - p_abd per ICCS standards. Secondary
outcomes included an exploratory responder endpoint (>10 cmH,0 reduction in stor-
age pressure) and attainment of guideline-based safe storage thresholds (<30 and <35
cmH,0). Associations with demographic, functional, and renal parameters were exam-
ined using correlation, multivariable regression, and ROC analyses.

Results: Mean baseline storage-phase detrusor pressure was 59.9 + 21.2 cmH,0, de-
creasing to 52.5 £ 19.7 cmH,0 at six months (Ap_det = -7.4 + 12.5 cmH,0; P < 0.05). A
>10 cmH;0 reduction in pressure was observed in 26.3% (10/38) of patients, and 10.5%
and 13.2% achieved storage pressures <30 cmH,0 and <35 cmH,0, respectively. In ex-
ploratory logistic regression, higher baseline p_det (OR = 1.05; P = 0.039) and preserved
renal function (eGFR; OR = 1.04; P = 0.042) were associated with a >10 cmH,0 reduction,
whereas etiology and age showed non-significant trends.

Conclusion: Intradetrusor BTX-A produced a modest but statistically significant re-
duction in storage-phase detrusor pressure, with only a minority of patients reaching
guideline-defined safe storage thresholds. These findings support BTX-A as a clinically
relevant pressure-lowering option within a multimodal, pressure-guided strategy - par-
ticularly in children with high baseline pressures and preserved renal reserve - rather
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B INTRODUCTION

Neurogenic bladder (NB) in children is a chronic disor-
der that simultaneously threatens lower urinary tract func-
tion and upper urinary tract integrity, often leading to long-
term morbidity when inadequately controlled. Contempo-
rary guidelines highlight the central role of urodynamic as-
sessment for diagnosis, risk stratification, and monitoring,
recommending standardized terminology and methodology

established by the International Children’s Continence Soci-
ety (ICCS) [1-3]. The principal therapeutic objective is to
maintain safe storage pressures (<30-35 cmH,0) and ade-
quate bladder compliance to preserve renal function [1,4]. In
this study, the term “spinal-origin neurogenic bladder” refers
to neurogenic bladder dysfunction secondary to surgically
treated myelomeningocele or other spinal dysraphism-related
or spinal neurogenic conditions (including tethered cord, di-

https://doi.org/10.5455/annalsmedres.2025.11.336


https://annalsmedres.org/index.php/aomr/article/view/4929
https://annalsmedres.org/index.php/aomr/issue/view/169
https://annalsmedres.org
https://orcid.org/0000-0001-7811-5949
https://doi.org/10.5455/annalsmedres.2025.11.336
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.5455/annalsmedres.2025.11.336

Yayla D.

astematomyelia, and traumatic spinal lesions).

Conservative management—including clean intermittent
catheterization (CIC), antimuscarinic agents, and behavioral
Yet approximately
one-third of patients remain refractory, exhibiting persis-

therapy—remains first-line treatment.

tently high storage pressures or poor compliance despite op-
timal conservative measures [1]. For these cases, intradetru-
sor botulinum toxin A (BTX-A) has emerged as a minimally
invasive, reversible, and repeatable therapeutic option. By in-
hibiting acetylcholine release at the neuromuscular junction,
BTX-A decreases detrusor overactivity and storage pressure,
and improves bladder compliance and capacity [5,6].

Clinical studies and meta-analyses consistently demonstrate
significant reductions in Ap_det and improvements in blad-
der compliance and capacity within 3-6 months after BTX-
A, with excellent safety and tolerability [5-8]. Repeated in-
jections have been reported to maintain efficacy without cu-
mulative adverse effects [9,10].

Despite these encouraging outcomes, heterogeneity persists
in injection protocols, dosing regimens, concomitant thera-
pies, and follow-up durations. Recent systematic reviews reaf-
firm overall efficacy but emphasize the importance of identify-
ing predictors of response, particularly the effects of elevated
baseline storage-phase pressure and preserved renal function
on treatment success [7,11,12].

Accordingly, the present study aimed to evaluate the six-
month effects of intradetrusor BTX-A on Ap_det in chil-
dren with NB secondary to spinal pathology, to determine
clinically meaningful response rates (>10 cmH,O reduction
and/or attainment of safe storage thresholds), and to explore
baseline urodynamic predictors of outcome.

E MATERIALS AND METHODS
Study design and setting

This retrospective cohort study included consecutive pedi-
atric patients diagnosed with neurogenic bladder (NB) who
underwent intradetrusor botulinum toxin A (BTX-A) injec-
tions at a tertiary pediatric urology center between October
2023 and December 2024. A total of 38 children were in-
cluded (mean age: 7.8 * 4.0 years); 20 were female (52.6%)
and 18 were male (47.4%). The etiology of NB was oper-
ated myelomeningocele (MMC) in 25 patients (65.8%) and
other spinal pathologies (diastematomyelia, tethered cord syn-
drome, or traumatic spinal lesions) in 13 patients (34.2%).
Functionally, 17 children (44.7%) were ambulatory, and 21
(55.3%) were non-ambulatory. The mean estimated glomeru-
lar filtration rate (eGFR) was 118.0 + 33.2 mL/min/1.73 m?,
and the mean age at initiation of clean intermittent catheteri-
zation (CIC) was 5.1 * 4.0 years (see Table 1 for demographic
characteristics).
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Inclusion and Exclusion criteria

Inclusion criteria

* NB secondary to operated MMC or other spinal
pathologies (diastematomyelia, tethered cord syndrome,
or spinal cord injury) with CIC for > 6 months;

* Availability of complete pre-procedure and 6-month
follow-up clinical and urodynamic data.

Exclusion criteria

History of major urological reconstructive surgery (e.g., blad-
der augmentation or ureteral reimplantation) and/or missing
baseline data.

Intervention (BTX-A protocol)

All procedures were performed under general anesthesia by
the same pediatric urology team. A total of 100 IU of on-
abotulinumtoxinA (Botox®, Allergan Inc., Irvine, CA, USA)
diluted in 10 mL of normal saline was injected intradetruso-
rally under cystoscopic guidance at 20 evenly distributed sites
over the bladder dome, anterior, and lateral walls, sparing the
trigone. Injection depth was standardized to 2-3 mm using
a 4-mm injection needle. No intraoperative or postoperative
complications (e.g., hematuria, fever, or urinary retention)
were observed. All patients continued their baseline CIC and
antimuscarinic regimens as clinically indicated.

All patients received a fixed dose of 100 IU of onabotulinum-
toxinA, diluted in 10 mL of normal saline, and injected into
20sites. This fixed-dose regimen reflects our institutional pro-
tocol, which is largely shaped by national reimbursement con-
straints: botulinum toxin A for the treatment of pediatric
neurogenic bladder is not reimbursed by the social security
system; therefore, families must cover the full cost. To limit
the financial burden and to allow single-vial use across a broad
weight range (10-35 kg), individual dose titration based on
weight or capacity was not routinely feasible.

Variables and definitions

Urodynamic variables: Ap_det (cmH,0O) measured before
and 6 months after BTX-A injection, cystometric bladder ca-
pacity, and bladder volume at 40 cmH,O.

Detrusor pressure (p_det): Intravesical pressure (p_ves) and
abdominal pressure (p_abd) were recorded simultaneously
during urodynamic testing. Storage-phase detrusor pressure
(p_det) was calculated, in accordance with ICCS standards,
as the difference between the two measures (p_det = p_ves
— p_abd). Throughout the study, the parameter previously
referred to as “storage-phase detrusor pressure” represents
storage-phase detrusor pressure (p_det). In pediatric NB, per-
sistent storage-phase p_det > 40 cmH,O is associated with
vesicoureteral reflux, renal scarring, and progressive loss of re-
nal function; accordingly, storage-phase p_det was selected as
the primary urodynamic endpoint for evaluating bladder dy-
namics and treatment outcomes.
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Clinical/cobort variables: age, sex, ambulation status, etiology
(operated MMC vs. other spinal pathology), and renal func-
tion (eGFR).

Renal function: eGFR was calculated using the updated
Schwartz formula, adjusted for age, sex, and height, expressed
in mL/min/1.73 m™*
ranges were considered indicative of renal impairment.

Values below age-specific reference

Treatment-related variables: use and type of antimuscarinic
medication, duration of CIC, and age at initiation of CIC.

QOutcomes

Primary outcome: the change in storage-phase detrusor pres-

sure (Ap_det = p_det,6-month — p_det,baseline).

Secondary outcomes: Secondary outcomes included (i) a re-
duction in storage pressure of >10 cmH,O and (ii) attain-
ment of guideline-based safe storage thresholds (<30 and <35
cmH,0). The >10 cmH,O cut-oft is not a universally stan-
dardized value in the literature; rather, it was chosen a priori
as a pragmatic, exploratory threshold to facilitate categorical
interpretation of treatment response alongside the more clin-
ically relevant pressure.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statis-
tics version 29.0 (IBM Corp., Armonk, NY, USA). The
normality of continuous variables was assessed using the
Shapiro-Wilk test. Paired comparisons between pre- and
post-treatment values were performed using the paired t-
test or Wilcoxon signed-rank test, as appropriate. Continu-
ous variables were reported as means + standard deviations
(SDs), 95% confidence intervals (Cls), and effect sizes (Co-
hen’s d?). Associations between Ap_det and continuous co-
variates were evaluated with Pearson or Spearman correlation
coefhicients. Group comparisons were conducted using the
Mann-Whitney U test for two-group comparisons and the
Kruskal-Wallis test for multi-group analyses. Multivariable
linear regression was used to identify independent predictors
of Ap_det, whereas binary logistic regression was applied to
determine predictors of a clinically significant reduction in
pressure (>10 cmH,0). Receiver Operating Characteristic
(ROC) curve analysis was used to determine the optimal base-
line pressure cutoft for predicting a favorable response. A
two-sided P < 0.05 was considered statistically significant. Be-
cause the continuous outcome (Ap_det) and the binary re-
sponder outcome (>10 cmH,O reduction) capture differ-
ent aspects of treatment response, predictors may show diver-
gent associations across models. Given the limited number of
events (10 responders), logistic regression was prespecified as
an exploratory analysis. The events-per-variable (EPV) ratio
was below the recommended threshold; therefore, the logis-
tic model may be unstable and prone to overfitting. These
limitations were acknowledged when interpreting the results.
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Figure 1. Distribution of storage-phase detrusor pressure change

(Ap_det) following BTX-A injection. Most patients experienced a reduc-
tion in pressure, while a minority showed paradoxical increases.
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Figure 2. Detrusor pressure change (Ap_det) according to neurogenic
bladder etiology (spinal vs. MMC). A greater reduction was observed in
the spinal group, but the difference was not statistically significant (P >
.05).
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Figure 3. Detrusor pressure change (Ap_det) stratified by anticholiner-
gic medication (0 = None, 1 = Oxybutynin, 2 = Tolterodine, 3 = Propiver-
ine). No significant differences were detected between the groups.
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Table 1. Patient demographics and clinical characteristics.

Parameter Value
Age (years) 7.814.0
Sex Female: 20 (52.6%), Male: 18 (47.4%)

Etiology of neurogenic bladder
Ambulatory status

eGFR (mL/min/1.73m?)

Age at initiation of CIC (years)

Operated MMC: 25 (65.8%), Other spinal pathology: 13 (34.2%)
Ambulatory: 17 (44.7%), Non-ambulatory: 21 (55.3%)
118.0 £33.2
5.114.0

Values are presented as mean * standard deviation (SD) or number (percentage). Abbreviations: MMC, myelomeningocele; eGFR, estimated glomerular filtration rate;

CIC, clean intermittent catheterization.

Table 2. Urodynamic findings.

Parameter Value
Baseline intravesical pressure (cmH,0) 59.9+21.2
Post-BTX-A intravesical pressure (cmH,0) 52.5+19.7
A Pressure (cmH,0) -7.4+12.5
Patients with >10 cmH,0 reduction (%) 10/38 (26.3%)

Patients achieving storage pressure <30 cmH,0 (%)
Patients achieving storage pressure <35 cmH,0 (%)

4/38 (10.5%)
5/38 (13.2%)

Values are presented as mean * standard deviation (SD) or number (percentage). Abbreviations: BTX-A, botulinum toxin A; cmH>O, centimeters of water.

Table 3. Multivariable linear regression analysis (predictors of AP).

Variable 3 coefficient 95% Cl P value
Baseline pressure -0.43 -0.69 — -0.17 .002
Bladder volume at 40 cmH,0 +5.59 -0.80 — +11.98 .084

NS - >0.1

(3 = standardized regression coefficient; CI = confidence interval; NS = not signif-
icant. Abbreviations: AP, change in intravesical pressure; cmH>O, centimeters of
water.

Other covariates

Table 4. Univariable correlation analyses.

Variable Pearson r P value
Baseline pressure -0.41 .0Mm
CIC duration -0.03 .84
Age at CIC initiation -0.18 .28
Bladder capacity -0.08 .63
Bladder volume at 40 cmH,0 -0.06 72
eGFR +0.05 75
Age +0.03 .86

Pearson’s correlation coefficients between intravesical pressure change (AP) and
clinical variables. Abbreviations: CIC, clean intermittent catheterization; eGFR,
estimated glomerular filtration rate; cmH»O, centimeters of water.

Table 5. Logistic regression analysis (predictors of >10 cmH,0 reduc-
tion).

Variable OR 95% Cl

Baseline pressure 1.05 1.00--1.10 .039
Etiology (MMC) 0.29 0.04-2.16 227
Antimuscarinic use 1.28 0.49--3.33 617
Age 1.34 0.99--1.81 .055
eGFR 1.04 1.00--1.09 .042

OR = odds ratio; CI = confidence interval; P < .05 was considered statistically sig-
nificant. Abbreviations: MMC, myelomeningocele; eGFR, estimated glomerular
filtration rate.
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Figure 4. Correlation between baseline storage-phase detrusor pressure
and pressure change (Ap_det) after BTX-A injection. Higher baseline
pressures were associated with greater reductions (r =--0.41, P =.011).

B RESULTS
Primary outcome

The mean baseline p_det was 59.9 + 21.2 cmH, O, decreasing
to 52.5 + 19.7 cmH, O at 6 months, corresponding to an av-
erage change of Ap_det = =7.4 + 12.5 cmH,0 (median —5;
range —48 to +15 cmH,O) (Tables 1 and 2). Most patients ex-
hibited a post-treatment pressure reduction, although a small
subset demonstrated minimal or paradoxical increases (Fig-
ure 1).

Secondary outcomes

A clinically significant response, defined asa >10 cmH, O re-
duction in storage pressure, was observed in 26.3% (10/38) of
patients, and only 10.5% and 13.2% achieved storage pressures
<30 cmH,0 and <35 cmH, 0, respectively. Taken together,
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these findings indicate a modest overall pressure-lowering ef-
fect of BTX-A in this cohort, with a relatively small propor-
tion of patients reaching guideline-recommended safe storage

thresholds.

Subgroup and correlation analyses

Etiology: The mean pressure reduction was greater in patients
with non-MMC spinal pathologies (8.5 cmH,0) than in
those with myelomeningocele (MMC) (=5.3 cmH,0); how-
ever, this difference was not statistically significant (P > .05)
(Figure 2).

Under antimuscarinic therapy, Ap_det did not differ by drug
type or treatment duration (P > .05; Figure 3). Although
variable responses were observed within the propiverine sub-
group, no clear superiority over other agents was demon-
strated.

Functional status and CIC: Ambulatory children showed a
larger mean reduction (=9.9 vs.—5.4 cmH,0), which did not
reach statistical significance (P = .19). Neither CIC duration
nor age at initiation of CIC correlated with Ap_det (both P
>.05).

Filling parameters: Ap_det was not significantly correlated
with cystometric capacity (r = —0.08, P = .63) or bladder vol-
ume at 40 cmH,0 (r = -0.06, P = .72).

Renal function: No significant association was observed be-
tween baseline eGFR and Ap_det in univariable analysis (P
> 0.05). Comprehensive univariable correlation results are
summarized in Table 4.

Multivariable models

Linear regression (Ap_det as continuons outcome): Baseline
storage-phase detrusor pressure emerged as an independent
inverse predictor of Ap_det (8 = —0.43, P = .002).

Bladder volume at 40 cmH,O showed a borderline associa-
tion (P = .084), while other covariates were not significant.
The model explained 36% of the variance (R* = 0.36; Table 3).
Logistic regression (> 10 cmH >0 reduction): Higher baseline
storage-phase pressure (OR = 1.05; 95% CI 1.00-1.10; P =
039) and higher ¢GFR (OR = 1.04; 95% CI 1.00-1.09; P
= .042) were independent predictors of a clinically signifi-

cant response. MMC etiology and age showed nonsignificant
trends (Table 5).

ROC analysis

To predict a >10 cmH,O pressure reduction, baseline p_det
yielded an AUC of 0.72, with an optimal cutoft of 58 cmH, O
(sensitivity 70%, specificity 65%) (Figure 4).

E DISCUSSION
Overall efficacy

Intradetrusor botulinum toxin A (BTX-A) therapy produced
a mean reduction of 7.4 cmH,O in storage-phase detrusor
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pressure in children with neurogenic bladder (NB). This find-
ing is consistent with previous systematic reviews and meta-
analyses demonstrating significant short- and mid-term de-
creases in detrusor pressure after BTX-A injection [5-9, 12].
However, the magnitude of reduction in our cohort was
smaller than the ~20-25 cmH,O decreases reported in larger
pediatric series. This difference may be attributed to our
limited sample size, a high proportion of myelomeningocele
(MMC) cases, and relatively low baseline pressures. Addi-
tional contributors likely include variations in injection tech-
nique, dose distribution, and concomitant antimuscarinic
regimens [6, 9, 10].

Another factor that may have contributed to the modest
and heterogeneous pressure response in our cohort is the
use of a fixed 100-IU dose across a relatively wide weight
range (10-35 kg). Due to national reimbursement restric-
tions and requirements for out-of-pocket payments, individ-
ualized weight- or capacity-based dose adjustments were not
feasible in our setting. Prospective studies comparing fixed
and weight-adjusted dosing protocols are warranted to better
define the optimal BTX-A regimen in pediatric neurogenic

bladder.

Although BTX-A significantly reduced storage-phase detru-
sor pressure at the group level, the magnitude of benefitin our
series was modest, and only a minority of patients achieved ei-
ther the predefined responder criterion (>10 cmH,O reduc-
tion) or the guideline-based safe storage threshold (<30-35
cmH,0). In this context, our data support BTX-A as a clin-
ically relevant but limited pressure-lowering option, rather
than a universally transformative intervention for pediatric
neurogenic bladder. The relatively low responder rate, com-
pared with larger pediatric series, may reflect our small sam-
ple size, the predominance of myelomeningocele cases, rela-
tively low baseline pressures, and the use of a fixed 100 IU dose
across a broad weight range. Overall, these observations sug-
gest that BTX-A provides a limited yet meaningful reduction
in storage pressure in this high-risk cohort, and its role should
be viewed as part of a multimodal, pressure-guided manage-
ment strategy rather than as a definitive, stand-alone solution.

Response by etiology

Histopathological studies have shown that fibrotic remod-
eling of detrusor smooth muscle may attenuate BTX-A ef-
ficacy in MMC-related NB [11,12]. Although histologi-
cal data were unavailable in our series, this explanation ac-
cords with prior evidence. In contrast, greater pressure re-
ductions have been documented in patients with non-MMC
spinal dysraphism or with traumatic etiologies [13]. Our co-
hort demonstrated a similar trend toward a greater reduction
among non-MMC cases, although statistical significance was
not achieved due to limited power. Multicenter studies have
likewise indicated that underlying etiology influences BTX-A
responsiveness [14,15].

A small subset of patients exhibited paradoxical increases in
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storage pressure after BTX-A injection. Several mechanisms
may account for this phenomenon. First, detrusor—sphincter
dyssynergia may increase outlet resistance during bladder fill-
ing, thereby elevating storage-phase detrusor pressure despite
detrusor chemodenervation. Second, transient inflamma-
tory changes or mucosal edema following injection may tem-
porarily augment storage pressures. Third, in patients with
spinal dysraphism, autonomic dysreflexia—related hyperten-
sive bladder responses may contribute to abrupt physiologic
pressure surges. Finally, insufficient intradetrusor diftusion of
BTX-A in severely fibrotic or poorly compliant bladders may
limit therapeutic effect and even provoke compensatory over-
activity. These mechanisms may collectively explain the para-
doxical findings observed in this cohort and should be consid-
ered when interpreting individualized treatment response.

Clinically meaningful outcomes and pressure targets

Maintaining safe storage pressures (<30-35 cmH,O) remains
the principal determinant of upper urinary tract preserva-
tion [1,4]. In our series, the rate of clinically meaningful
response—defined as a >10 cmH, O reduction—was 26.3%.
This is slightly lower than the 30-50% response rates reported
in prior meta-analyses [4-9, 12], likely reflecting the small
sample size, MMC predominance, and relatively low baseline
pressures. Differences in injection techniques and adjunctive
medications could also play a role.

Multivariable analysis identified higher baseline p_det as an
independent predictor of greater pressure reduction, thereby
supporting earlier BTX-A intervention in high-risk patients
[10,11,14].

Our ROC analysis confirmed that a baseline pressure >58
cmH,O predicted a clinically meaningful (>10 cmH,0) re-
sponse with an AUC of 0.72, a sensitivity of 70%, and a speci-
ficity of 65%. This threshold may serve as a pragmatic marker
for selecting optimal BTX-A candidates within the pediatric
NB population with elevated baseline pressures.

Although Ap_det was analyzed as a continuous variable, we
also reported a >10 cmH,O reduction as a clinically inter-
pretable categorical endpoint. Nevertheless, aligned with
EAU/ESPU and ICCS guidelines, the primary therapeu-
tic goal remains to achieve safe storage pressures (<30-35
cmH,0) (1-4). Attaining this threshold has been associ-
ated with reduced renal scarring and better preservation of
glomerular filtration rate (¢GFR) [15]. In our cohort, no re-
nal deterioration was observed among children who achieved
safe storage levels, further underscoring the clinical impor-
tance of pressure-targeted management.

Renal function

Although univariable analysis revealed no direct correlation
between eGFR and Ap_det, multivariable logistic regression
identified preserved renal function as an independent pre-
dictor of a clinically meaningful response. eGFR was con-
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sistently calculated using the Schwartz formula, thereby en-
suring methodological reliability. These findings suggest that
preserved renal reserve may enhance responsiveness to BTX-
A. Consistent with this, Gillon et al. demonstrated that BTX-
A helped maintain renal function in multicenter pediatric co-
horts [15]. Hence, renal function may represent not only an
outcome but also a determinant of treatment success.

Although baseline eGFR did not correlate with Ap_det in
univariable analysis, it emerged as a significant predictor in the
exploratory logistic regression model. This discrepancy likely
reflects the analytical difference between modeling a contin-
uous change (Ap_det) versus a binary responder outcome
(>10 cmH,O reduction). Additionally, the logistic model
was constrained by a low events-per-variable ratio (10 events
per variable), increasing the risk of instability and overfitting.
Therefore, the association between preserved renal function
and categorical response should be interpreted cautiously and
considered hypothesis-generating rather than confirmatory.

Antimuscarinic therapy and combination regimens

We found no significant association between the type or dura-
tion of antimuscarinic therapy and Ap_det, consistent with
previous pediatric data showing no superiority among agents
[16]. Current EAU/ESPU guidelines emphasize tolerability
and side-effect profiles rather than efficacy differences when
selecting antimuscarinics [4]. Thus, BTX-A responsiveness
appears largely independent of prior or concurrent antimus-
carinic use.

Comparison with existing literature

Large observational series [4-6, 9-13] and meta-analyses
[7-9, 12,14] provide robust evidence supporting the effi-
cacy of BITX-A in pediatric NB. However, long-term re-
nal outcomes and repeat-injection protocols remain under-
investigated. Zhou et al. [14] reported that repeated BTX-A
injections can sustain a therapeutic benefit, albeit with dimin-
ishing magnitude over time. Other multicenter studies have
shown that early BTX-A use in high-risk patients may aid up-
per tract preservation [15]. Collectively, these findings em-
phasize the importance of etiology, baseline pressure, and in-
tervention timing in determining both short- and long-term
outcomes.

General interpretation

Taken together, our results confirm that BTX-A significantly
and safely reduces storage-phase detrusor pressure in pediatric
NB. The magnitude of benefit varies according to baseline
pressure, renal reserve, and underlying etiology, with patients
with non-MMC spinal dysraphism showing a trend toward
a greater response. These observations underscore the rele-
vance of risk-stratified, pressure-targeted, and individualized
management strategies, which constitute the cornerstone of
contemporary pediatric neuro-urological care [1,10,15].
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Clinical implications
BTX-A is a safe and effective option for reducing storage-
phase detrusor pressure in pediatric patients with neurogenic

bladder.

Children presenting with higher baseline storage pressures
and preserved renal function are more likely to achieve clin-
ically meaningful improvement, highlighting the importance
of these parameters for treatment timing and patient selection
[10-15].

The observed trend toward greater responsiveness in non-
MMC spinal dysraphism than in MMC suggests that
etiology-specific management strategies may optimize thera-
peutic outcomes [11-14].

Incorporating BTX-A into the pediatric neurogenic bladder
treatment algorithm can help restore safe storage pressures,
preserve upper urinary tract integrity, and delay or even pre-
vent the need for reconstructive surgery [1,4,15].

These findings reinforce the importance of a pressure-
targeted, risk-stratified, and individualized approach in ac-
cordance with ICCS and EAU/ESPU guidelines and empha-
size the role of standardized urodynamic assessment and early
identification of high-pressure bladders to improve long-term
renal and functional outcomes [1-4].

In the present study, we additionally reported the proportion
of patients achieving a reduction of >10 cmH,0O as an ex-
ploratory categorical endpoint. This cut-off was not derived
from formal consensus or guideline recommendations, but
was selected as a pragmatic threshold to reflect a clearly per-
ceptible change in storage pressure and to allow comparison
with previous pediatric BTX-A series that reported similar
magnitudes of decrease. Nevertheless, in line with ICCS and
EAU/ESPU guidelines, our primary clinical interpretation
remains focused on achieving safe storage pressures (<30-35
cmH,0), which are more directly linked to upper urinary
tract protection.

Limitations

This study has several limitations that warrant consideration.
The retrospective, single-center design introduces inherent
risks of selection and information bias, limiting causal infer-
ence. The sample size (n = 38) restricts the statistical power
of subgroup analyses, particularly regarding etiology and re-
nal outcomes. The follow-up duration (6 months) captures
short-term efficacy but may not reflect the sustained effects
observed in longer-term studies [4-9, 14]. Histopathological
data were unavailable to clarify biological mechanisms under-
lying difterential responses between MMC and non-MMC
etiologies [11-13]. Lastly, although all procedures followed
standardized ICCS criteria, variability in injection distribu-
tion and concurrent medical regimens could have introduced
confounding effects. Future multicenter prospective stud-
ies with extended follow-up, larger cohorts, and additional
urodynamic parameters (compliance, capacity, electromyog-
raphy, lesion level) are needed to refine predictive models and
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establish evidence-based algorithms for BTX-A use in pedi-
atric NB [3,7,10,14].

1 CONCLUSION

Intradetrusor BTX-A significantly reduced the storage-phase
detrusor pressure over six months in children with neuro-
genic bladder (Ap_det = =7.4 £ 12.5 cmH,0). Treatment
response was independently associated with baseline p_det
and renal reserve; etiology exhibited a nonsignificant trend
favoring spinal dysraphism over MMC. None of the follow-
ing correlated with outcomes: a history of antimuscarinic use,
clean intermittent catheterization parameters, or cystometric
capacity. These findings reinforce the role of BTX-A as a cor-
nerstone in pressure-guided, individualized, and risk-adapted
management of pediatric NB [3-5, 7-10, 14-16]. By target-
ing high-pressure bladders before irreversible detrusor fibrosis
and renal injury occur, BTX-A offers a minimally invasive yet
effective strategy to protect upper urinary tract integrity and
improve long-term urological prognosis.
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