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Abstract

Background: Refractory Lower Urinary Tract Dysfunc-
tion (LUTD), including detrusor hyperreflexia and overactive
bladder, significantly affects quality of life when conserva-
tive and pharmacological treatments fail. Sacral Nerve Stim-
ulation (SNS) has emerged as an effective neuromodulatory
therapy, though it needs more clinical studies to measure
its efficacy.

Objective: To evaluate the efficacy of SNS in patients with
refractory LUTD using objective voiding diary parameters
over a 12-month follow-up period.

Methods: This retrospective observational study includ-
ed 12 patients (7 females, 5 males; age range 15-45 years)
who underwent SNS implantation. All patients were evalu-
ated with urodynamic studies and 24-hour voiding diaries
before implantation and at 12 months postoperatively. Out-
come measures included voiding frequency, mean voided
volume, and urinary leakage episodes. Pre- and post-im-
plantation outcomes were compared using paired t-tests.

Results: SNS therapy resulted in significant improve-
ment across all parameters. Voiding frequency per 24 hours
was markedly reduced (p<0.0001). Mean voided volume
significantly increased at 12 months (p<0.0001), reflecting
improved bladder capacity. Urinary leakage episodes were
significantly reduced, with several patients achieving com-
plete continence (p<0.0001).

Conclusion: SNS provides significant and sustained im-
provement in objective urinary outcomes and represents
an effective treatment option for patients with refractory
LUTD.
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Introduction

The application of Sacral Nerve Stimulation (SNS) has drawn
considerable attention as a modality of innovative treatment for
neurogenic urinary incontinence, in particular in the context of
patients suffering from various neurological disorders. This in-
terest derives largely from the shortcomings of traditional phar-
macological approaches, such as anticholinergics (for example,
oxybutynin), which are often associated with harmful side ef-
fects. As indicated by Sahu et al. (2024), SNS has become a
promising alternative, demonstrating significant improvements
in patient bladder control and the overall quality of life [12,14].
The efficiency of the SNS lies mainly in its ability to modulate the
neuronal routes responsible for urinary storage and urination,
thus approaching the underlying dysfunction associated with
neurogenic bladder conditions [5,18]. In some cases, incom-
plete or complete Spinal Cord Injuries (SCls) disrupt the central
control of bladder function, often resulting in Neurogenic Lower
Urinary Tract Dysfunction (NLUTD), manifesting as urinary in-
continence, urgency, or urinary retention [15]. This condition
significantly impairs the quality of life and increases risks of re-
current Urinary Tract Infections (UTIs), vesicoureteral reflux, re-
nal damage, and psychosocial stress. In world, the prevalence of
traumatic SCI is increasing, particularly among younger adults
due to road traffic accidents, falls, and occupational injuries
[16,17]. Conservative management for neurogenic bladder in-
cludes clean intermittent catheterization, anticholinergic medi-
cations, bladder training, and botulinum toxin injections. How-
ever, these therapies often yield suboptimal results, have side
effects (e.g., dry mouth, constipation), and are not sustainable
long-term in many patients. Therefore, alternative therapies
such as SNS have gained attention [11,13,15,17].

SNS was first introduced in the late 1980s, involves electrical
stimulation of the S3 (or S4) sacral nerve roots, which modulate
afferent and efferent pathways involved in micturition reflexes.
Though SNS is FDA-approved for idiopathic urinary inconti-
nence and urinary retention, its use in neurogenic cases (like
SCl) is still considered off-label in many regions and remains un-
derexplored in the world population [1,5,9].

The pilot study conducted by Ojha et al. (2015) serves as a
pivot reference in this area, because it specifically addresses the
impacts of the peripheral nerve stimulation on the overactivity
of the detrusor - a common affliction in LUTD patients [7,10].
The results claim the potential effectiveness of SNs in the atten-
uation of the hyperactivity of the bladder, thus emphasizing its
relevance not only for urinary incontinence but also for wider
problems linked to the dysfunction of the bladder after the in-
jury. This is aligned with the essential objective of improving the
rehabilitation results for people with spinal cord lesions [1,2,4].

In addition, SNS safety profile remains a crucial concern for
clinicians and patients. Preliminary data suggest that the inci-
dence of adverse events is relatively low, most patients toler-
ate the procedure. However, long-term studies are needed to
assess potential complications and sustainability of treatment
benefits. As such, current and future surveys must focus not
only on immediate results but also on the sustainability of SNS
effects over time, informing clinical decision -making and pa-
tient management [3,5]. The patient surveys, illustrated by the
work of Rai et al. (2025), are also crucial to advancing the un-
derstanding of SNS safety in neurogenic urinary incontinence
[18]. By prioritizing the experiences and results of patients,
their research highlights the importance of incorporating the
results declared by patients and satisfaction measures in safety

assessments. This approach promotes a culture of transparency
and active engagement of patients, which can shed light on the
previously neglected dimensions of the side effect profile as-
sociated with SNS [11,15].

Methods

Study design and patients: This was a retrospective ob-
servational study of patients who underwent SNS for refrac-
tory LUTD. A total of 12 patients were included in the analysis.
The cohort consisted of 7 females and 5 males, with ages ran-
ging from 15 to 45 years. All patients had persistent symptoms
despite standard conservative and medical management. This
study was approved by the instituinoal review board according
to Helsinki declaration.

Clinical characteristics: Primary diagnoses included detru-
sor hyperreflexia / overactive bladder, with associated sphinc-
ter dyssynergia in selected cases. All patients underwent baseli-
ne evaluation including clinical assessment and urodynamic stu-
dies prior to SNS implantation.

Outcome measures: Patients maintained 24-hour voiding di-
aries before implantation and at 12 months following SNS the-
rapy. The following parameters were analyzed:

1. Voiding frequency per 24 hours
2. Mean voided volume (mL)
3. Urinary leakage episodes per 24 hours

Statistical analysis: Continuous variables were expressed as
mean values. Comparisons between pre-implantation and post-
implantation outcomes were performed using paired t-tests. A
p-value of < 0.05 was considered statistically significant. Statisti-
cal analysis was performed for all outcome measures. We used
here pvalue.io software, version 2024, developer by medistica,
USA.

Surgical details

Preoperative preparation: Prior to surgery, patients undergo
comprehensive clinical evaluation, including symptom assess-
ment, voiding diaries, and urodynamic studies to confirm the
diagnosis and suitability for SNS therapy. Written informed con-
sent is obtained from all patients. Prophylactic antibiotics are
administered according to institutional guidelines.

Patients are positioned in the prone position with adequa-
te padding to allow fluoroscopic access to the sacral region. The
sacral anatomy is identified using fluoroscopy, with particular
focus on the S3 sacral foramen, which is the preferred target for
neuromodulation due to its optimal balance of motor and sen-
sory responses.

Stage I: Test stimulation (Lead placement): Under fluorosco-
pic guidance, a foramen needle is inserted into the S3 sacral fo-
ramen. Correct needle placement is confirmed by both fluoros-
copic imaging and physiological responses to electrical stimu-
lation. Desired motor responses include bellows contraction of
the pelvic floor, plantar flexion of the great toe, and anal sphinc-
ter contraction, while sensory responses are reported in the pe-
rineal or vaginal/rectal region.

Once appropriate positioning is confirmed, a quadripolar ti-
ned lead is introduced through the needle and positioned adja-
cent to the sacral nerve root. The lead is tested intraoperatively
to ensure optimal stimulation thresholds and appropriate res-
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ponses across multiple electrode configurations.

The lead is then secured in place using its self-anchoring ti-
nes. The proximal end of the lead is tunneled subcutaneously
and connected to an external pulse generator for the trial sti-
mulation period. The incision is closed in layers.

Patients typically undergo a test stimulation period of 3-7
days, during which symptom improvement is assessed using vo-
iding diaries. A successful trial is defined as 250% improvement
in key symptoms.

Figure 1&2: SNS Implantable Electrodes, (Medtronic InterStim-
Il SNS system).

Stage Il: Permanent implantation

Patients demonstrating a successful response during the test
phase proceed to permanent implantation. Under local or ge-
neral anesthesia, the previously placed lead is connected to a
permanent implantable Pulse Generator (IPG). A subcutaneous
pocket is created, most commonly in the upper gluteal region,
to accomodate the IPG. The lead extension is tunneled to the
pocket and securely connected to the IPG. Device integrity and
stimulation parameters are verified intraoperatively. The IPG is
programmed using an external programmer, and optimal stimu-
lation parameters are selected based on patient comfort and
therapeutic response. The surgical wounds are closed in layers,
and sterile dressings are applied.

Postoperative management and programming

Following implantation, patients receive postoperative ins-
tructions regarding wound care and activity restriction to pre-
vent lead migration. Initial device programming is adjusted du-
ring follow-up visits to optimize symptom control.

Patients are monitored regularly, and stimulation parame-
ters such as amplitude, pulse width, and frequency are indivi-
dualized based on clinical response. Long-term follow-up inc-
ludes symptom assessment, voiding diaries, and device checks.

Fig: 4

Figure 3&4: SNS IPG Insertion post Lead Implantation.

Stimulation parameters are individually optimized post-im-
plantation:

Frequency: 10-20 Hz, Pulse Width: ~210-260 microseconds,
Amplitude: 1.5 -8.0 mA. In some patients we used cycling pro-
gramming methods also.

Results

All 12 patients completed a minimum follow-up of 12 months
after SNS implantation.

Voiding frequency: SNS therapy resulted in a marked reduc-
tion in voiding frequency across all patients. Mean voiding fre-
quency per 24 hours significantly decreased following SNS im-
plantation compared to baseline (p<0.0001) (Table 1, Figure 5).

Mean voided volume: Mean voided volume demonstrated
a substantial increase after SNS therapy. Post-implantation vol-
umes were significantly higher compared to pre-implantation
measurements (p<0.0001), indicating improved bladder stor-
age capacity (Table 1, Figure 6).

Urinary leakage episodes: A significant reduction in urinary
leakage episodes per 24 hours was observed following SNS
implantation. Several patients achieved complete continence.
Overall, the reduction in leakage episodes was statistically sig-
nificant (p<0.0001) (Table 2, Figure 7).
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These results collectively demonstrate significant functional
improvement in bladder storage and continence following SNS
therapy.

Clinical outcomes of SNS in our patients over 12 months’
follow-up

Table 1: Voiding frequency and mean voided volume.

Patient Voiding Frequency @ Voiding Frequency | Volume Volume
Before After Before (mL) | After (mL)

Pt-1 35.0 1 125 220
Pt-2 28.0 1 200 300
Pt-3 30.0 1 110 195
Pt-4 38.0 1 115 221
Pt-5 40.0 0 135 250
Pt-6 35.0 1 180 300
Pt-7 36.8 1 145 345
Pt-8 28.9 0 165 335
Pt-9 18.5 1 160 295

Pt-10 24.0 0 122 310

Pt-11 22.0 1 195 285

Pt-12 24.0 0 172 310
Table 2: Urinary leakage episodes per 24 hours.

Patient Leakage Before Leakage After Improvement
Pt-1 12,5 1 Yes
Pt-2 8.0 1 Yes
Pt-3 7.0 1 Yes
Pt-4 9.1 1 Yes
Pt-5 3.9 0 Yes
Pt-6 34 1 Yes
Pt-7 6.5 0 Yes
Pt-8 4.7 1 Yes
Pt-9 11.3 1 Yes
Pt-10 7.3 0 Yes
Pt-11 6.8 1 Yes
Pt-12 9.5 0 Yes
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Figure 5: Change in voiding frequency per 24 hours before and
12 months after SNS demonstrating a significant reduction follow-
ing therapy.
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Figure 6: Mean voided volume (ml) before and after SNS im-
plantation showing a significant increase at 12 month follow up.
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Figure 7: Urinary leakage episodes per 24 hours before and
after SNS illustrating marked improvement following Neuromodu-
lation therapy.

Discussion

Sacral Nerve Stimulation (SNS) has become an established
therapeutic option for patients with refractory LUTD, yet conti-
nued reporting of objective clinical outcomes remains essential
to refine patient selection and optimize long-term management
strategies [1,2]. The findings of the present study demonstrate
that SNS provides marked and statistically significant improve-
ments across multiple objective voiding parameters, including
voiding frequency, mean voided volume, and urinary leakage
episodes, at 12 months of follow-up. These results reinforce the
role of SNS as a durable neuromodulatory intervention capable
of restoring functional bladder control in patients who have fai-
led conventional therapies.

One of the most striking outcomes observed in this cohort
was the profound reduction in voiding frequency following
SNS implantation. Excessive voiding frequency is a hallmark
symptom of detrusor overactivity and reflects abnormal sen-
sory signaling from the bladder to supraspinal centers. SNS is
thought to exert its therapeutic effect by modulating afferent
input at the level of the sacral spinal cord, thereby suppressing
pathological reflex activity while enhancing inhibitory control
mechanisms. The dramatic reduction in voiding episodes ob-
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served in this study suggests effective normalization of bladder
sensory pathways and improved central processing of bladder
filling signals [3,4,7].

In parallel, the significant increase in mean voided volume
following SNS therapy provides objective evidence of enhan-
ced bladder storage capacity. Improved bladder capacity is cli-
nically relevant, as it directly translates into fewer urgency epi-
sodes, improved sleep quality, and greater participation in daily
and social activities [4,6,8]. Importantly, increased voided volu-
mes indicate not only suppression of involuntary detrusor cont-
ractions but also improved detrusor compliance and coordina-
ted sphincter relaxation. These findings are consistent with the
hypothesis that SNS facilitates functional reorganization of sac-
ral reflex circuits rather than simply masking symptoms [4,7-9].

The reduction in urinary leakage episodes further undersco-
res the dual effect of SNS on both bladder and outlet function.
Incontinence is often the most distressing symptom for patients
and is associated with significant psychosocial burden [10-12].
The observation that several patients achieved complete con-
tinence highlights the potential of SNS to restore meaningful
functional control. This outcome is particularly noteworthy in
patients with sphincter dyssynergia, where impaired coordinati-
on between detrusor contraction and sphincter relaxation leads
to inefficient voiding and leakage. Neuromodulation appears to
improve this coordination by influencing both efferent motor
pathways and afferent sensory feedback [12,15].

When compared with existing literature, the results of this
study are concordant with previously reported success rates of
SNS in refractory overactive bladder and neurogenic lower uri-
nary tract dysfunction [17]. However, the present study adds
value by demonstrating consistent benefit across a relatively
young and heterogeneous patient population, including indivi-
duals with severe baseline symptoms. This suggests that SNS
efficacy is not limited to narrowly defined patient groups and
may be considered earlier in the treatment algorithm for selec-
ted patients [18].

From a clinical perspective, the durability of symptom impro-
vement at 12 months is of particular importance. Sustained be-
nefit over time is a key consideration in neuromodulation the-
rapies, as device-related interventions require long-term com-
mitment from both patients and clinicians. The persistent imp-
rovement observed in this cohort supports the long-term stabi-
lity of SNS effects when appropriate lead placement, program-
ming, and follow-up are employed [15,16].

Several limitations must be acknowledged. The retrospective
nature of the study introduces potential selection bias, and the
sample size limits statistical power for subgroup analyses. Ad-
ditionally, the absence of validated quality-of-life questionnai-
res precludes a comprehensive assessment of patient-reported
outcomes. Future prospective studies incorporating standardi-
zed symptom scores, quality-of-life metrics, and longer follow-
up periods would provide a more holistic evaluation of SNS ef-
ficacy [14,18].

Despite these limitations, the present study provides robust
objective evidence supporting the clinical effectiveness of SNS.
The consistency and magnitude of improvement across all mea-
sured parameters emphasize the role of SNS as a cornerstone
therapy for refractory LUTD. As neuromodulation technology
continues to evolve, further refinement of stimulation parame-
ters and patient selection criteria may enhance outcomes even

further.

The findings of this study contribute meaningful real-world
data to the growing body of evidence supporting SNS. SNS
represents a powerful, minimally invasive therapeutic strategy
capable of delivering sustained functional improvement in pa-
tients with complex LUTDs when conservative management has
failed.

Conclusion

SNS is an effective and durable therapeutic option for pa-
tients with refractory LUTD. In this cohort, SNS therapy resulted
in significant reductions in voiding frequency and urinary leak-
age episodes, along with a substantial increase in mean voided
volume at 12 months of follow-up. These objective improve-
ments reflect enhanced bladder storage capacity and improved
continence control following neuromodulation.

Despite the limited sample size, the consistent and statisti-
cally significant benefits observed across all outcome measures
support the clinical efficacy of SNS in real-world practice. SNS
should be considered a valuable treatment modality for care-
fully selected patients with persistent lower urinary tract symp-
toms unresponsive to conventional therapies.
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