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 ABSTRACT  

Introduction: Neurogenic bladder dysfunction constitutes a 
significant complication following stroke, affecting 40-60% of 
hospitalized stroke patients with substantial impacts on quality of life 
and rehabilitation outcomes. Aim: This research aims to 
systematically evaluate the efficacy, safety, and clinical effectiveness 
of various pharmacological, rehabilitative, and neuromodulatory 
approaches for managing neurogenic bladder dysfunction in post-
stroke patients based on recent evidence (2015-2025). Methods: A 
systematic review was conducted using PubMed Central database 
(January 2015 - October 2025). Search query: (“stroke” OR 
“cerebrovascular accident” OR “brain infarction” OR “intracranial 
hemorrhage”) AND (“urinary incontinence” OR “neurogenic bladder” 
OR “lower urinary tract symptoms”) - (“post-stroke” OR “post-acute 
stroke”) AND (“bladder dysfunction” OR “detrusor overactivity” OR 
“urgency incontinence”) - (“stroke rehabilitation”) AND (“continence 
management” OR “urinary symptoms”)Inclusion criteria: peer-
reviewed studies with open access, focus on post-stroke urinary 
dysfunction, English language, outcome data available. Nine 
publications were identified and analyzed. Results: Nine peer-
reviewed publications were identified including comprehensive 
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reviews, systematic reviews, randomized controlled trials, feasibility 
studies, and clinical research. Behavioral interventions (timed 

ABSTRAK 

Pendahuluan: Disfungsi kandung kemih neurogenik merupakan 

komplikasi signifikan pasca-stroke, memengaruhi 40-60% pasien 

stroke yang dirawat di rumah sakit dengan dampak substansial 

terhadap kualitas hidup dan luaran rehabilitasi. Tujuan: Penelitian 

ini bertujuan untuk mengevaluasi secara sistematis efikasi, 

keamanan, dan efektivitas klinis berbagai pendekatan farmakologis, 

rehabilitatif, dan neuromodulatori untuk menangani disfungsi 

kandung kemih neurogenik pada pasien pasca-stroke berdasarkan 

bukti terbaru (2015-2025). Metode: Tinjauan sistematis dilakukan 

menggunakan basis data PubMed Central (Januari 2015 - Oktober 

2025). Kueri pencarian: (“stroke” ATAU “kecelakaan 

serebrovaskular” ATAU “infark otak” ATAU “perdarahan 

intrakranial”) DAN (“inkontinensia urin” ATAU “kandung kemih 

neurogenik” ATAU “gejala saluran kemih bagian bawah”) - (“pasca-

stroke” ATAU “pasca-stroke akut”) DAN (“disfungsi kandung 

kemih” ATAU “hiperaktivitas detrusor” ATAU “inkontinensia 

urgensi”) - (“rehabilitasi stroke”) DAN (“manajemen kontinensia” 

ATAU “gejala saluran kemih”) Kriteria inklusi: studi peer-review 

dengan akses terbuka, fokus pada disfungsi saluran kemih pasca-

stroke, berbahasa Inggris, data luaran tersedia. Sembilan Publikasi 

diidentifikasi dan dianalisis. Hasil: Sembilan publikasi yang telah 

melalui tinjauan sejawat diidentifikasi, meliputi tinjauan 

komprehensif, tinjauan sistematis, uji coba terkontrol acak, studi 

kelayakan, dan penelitian klinis. Intervensi perilaku (pengosongan 

kandung kemih terjadwal, latihan kandung kemih, latihan otot 

dasar panggul) menunjukkan efikasi 60-70% sebagai 

penatalaksanaan lini pertama dengan efikasi yang lebih unggul 

dibandingkan terapi farmakologis saja. Pendekatan rehabilitasi 

fisik menunjukkan efektivitas yang signifikan. Neuromodulasi 

(TTNS/PTNS) menunjukkan efikasi 50-75% dengan efek samping 

kurang dari 5%. Stimulasi listrik yang dikombinasikan dengan 

intervensi perilaku menunjukkan hasil yang lebih baik. 

Perlindungan saluran kemih bagian atas dan rencana perawatan 

individual merupakan pertimbangan penting dalam 

penatalaksanaan. Kesimpulan: Penatalaksanaan disfungsi kandung 

kemih neurogenik pada pasien pascastroke memerlukan rencana 

perawatan yang dirancang khusus secara individual yang 

mengintegrasikan teknik perilaku, intervensi gaya hidup, dan 

pilihan farmakologis. Penatalaksanaan perilaku harus menjadi 

terapi lini pertama, dengan neuromodulasi dan rehabilitasi khusus 
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sebagai alternatif yang efektif. Diagnosis yang tepat melalui 

penilaian urodinamik sangat penting, dan program rehabilitasi 

kandung kemih yang bergantung pada kerja sama dan kemandirian 

pasien sangat penting untuk keberhasilan. 

 

INTRODUCTION 
Background and Clinical Significance 

Stroke remains one of the leading causes of morbidity and mortality worldwide. 
Approximately 13.7 million individuals experience stroke annually, with stroke 
survivors often experiencing multiple complications that affect their rehabilitation 
trajectory and quality of life. Among the less-recognized yet clinically significant 
complications is neurogenic bladder dysfunction (NBD), which is defined as altered 
bladder control resulting from disruption of neural pathways that regulate micturition. 
Post-stroke neurogenic bladder dysfunction occurs in approximately 33% of acute stroke 
patients, with persistence rates of 25% at hospital discharge and 15% persisting beyond 
one year post-stroke. The prevalence in chronic stroke survivors ranges from 40-60% in 
hospitalized populations. Bladder dysfunction after stroke represents a strong prognostic 
factor of disability and exerts an enormous impact on health and economy (Agapiou et 
al., 2024). 
Pathophysiology and Diagnostic Importance 

The pathophysiology underlying bladder dysfunction involves disruption of 
neural circuits including the frontal cortex, insula, and pontine micturition center. The 
most common symptoms of neurogenic bladder following stroke are urinary 
incontinence, urgency, increased frequency, and difficulty with voiding. Medical history 
including voiding diary, physical examination, and urodynamic studies are useful in 
establishing diagnosis (Agapiou et al., 2024). 

Establishing proper diagnosis is of paramount importance to initiate appropriate 
treatment, prevent upper tract damage, maintain continence, and ensure complete 
emptying. In stroke patients with detrusor overactivity, bladder pressure is rarely 
sufficiently elevated to damage the upper urinary tract; however, there is always a risk 
for transmission of intravesical pressure to the upper tract requiring careful monitoring 
(Agapiou et al., 2024). 
Current Treatment Landscape and Management Challenge 

Current management approaches encompass behavioral interventions, 
pharmacological agents, neuromodulatory approaches, and potentially surgical 
interventions. Following diagnosis, an individually tailored treatment plan is mandatory, 
which includes behavioral techniques, lifestyle interventions, and anticholinergic 
medication. Other therapeutic choices include alternative drugs, intradetrusor injection 
of botulinum toxin, and spinal neuromodulation (Agapiou et al., 2024) 
Behavioral techniques should be applied as the initial step, including urination on 
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schedule with or without physical assistance, bladder training, pelvic floor muscle 
training, “double voiding,” and fluid management.¹ A comprehensive bladder 
rehabilitation program is essential for improving post-stroke lower urinary tract 
symptoms and depends on the patient’s awareness, cooperation, and independence 
(Agapiou et al., 2024). 

RESEARCH PURPOSES 
This research aims to: 

1. Systematically evaluate the efficacy of behavioral, pharmacological, and 
neuromodulatory interventions for post-stroke neurogenic bladder dysfunction 

2. Compare the safety profiles and adverse event rates among different treatment 
modalities 

3. Identify evidence-based first-line, second-line, and third-line management 
approaches 

4. Provide clinicians with contemporary evidence for informed treatment decision-
making 
 

RESEARCH METHODS 

Search Strategy 
Database: PubMed Central 
Search Query: (“stroke” OR “cerebrovascular accident” OR “brain infarction” OR 
“intracranial hemorrhage”) AND (“urinary incontinence” OR “neurogenic bladder” OR 
“lower urinary tract symptoms”) - (“post-stroke” OR “post-acute stroke”) AND 
(“bladder dysfunction” OR “detrusor overactivity” OR “urgency incontinence”) - 
(“stroke rehabilitation”) AND (“continence management” OR “urinary symptoms”) 
Keywords employed in literature search: neurogenic bladder, bladder dysfunction, 
stroke, urinary dysfunction, management, rehabilitation, behavioral intervention, 
neuromodulation 
Search filters applied: - Publication year: 2015-2025 - Full text availability: Available - 
Language: English 
Search results: 17,800 records identified 
Inclusion Criteria 

• Population: Adults (≥18 years) with documented stroke (ischemic or 
hemorrhagic) with secondary neurogenic bladder dysfunction 

• Study Design: Randomized controlled trials, systematic reviews, clinical reviews, 
rehabilitation studies with management focus 

• Interventions: Behavioral, pharmacological, or neuromodulatory interventions 
for post-stroke urinary dysfunction; diagnostic and management protocols 

• Outcomes: Management effectiveness, diagnostic methods, continence outcomes, 
quality of life, functional outcomes 
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• Publication Format: Peer-reviewed journals 

• Accessibility: Open access with full text available 

• Time Period: Published 2015-2025 

Exclusion Criteria 
• Publication prior to 2015 
• Non-peer-reviewed publications 
• Articles not available in open access format 
• Neurogenic bladder from non-stroke etiologies exclusively 
• Studies lacking management or diagnostic focus 

Data Extraction and Synthesis 
Data extracted from each study included: study identification, study design, 

population characteristics, management and diagnostic approaches, primary outcomes, 
treatment efficacy, safety data, and clinical recommendations. Data were synthesized 
narratively using structured tables comparing interventions, efficacy levels, safety 
profiles, and clinical recommendations. 
PRISMA Compliance 

This systematic review adhered to PRISMA 2020 guidelines for transparent and 
complete reporting of systematic reviews and meta-analyses. 

                                               PRISMA Flow Diagram 

 
From 17,800 initial records identified through PubMed Central search, 17,768 

records were excluded during title and abstract screening phase, leaving 32 full-text 
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articles for comprehensive eligibility assessment. During the full-text review phase, 23 
articles were excluded based on predefined criteria. Consequently, 9 studies met the final 
inclusion criteria for systematic review of neurogenic bladder management in post-stroke 
patients. 

RESULTS AND DISCUSSION 

Study Selection Results 
From the PubMed Central search conducted with 17,800 records, the final analysis 

included 9 studies focused on management of neurogenic bladder dysfunction in post-
stroke patients. 

Included Studies 
The nine included studies comprised: - Four comprehensive narrative or 

systematic reviews on post-stroke neurogenic bladder management - One systematic 
review on rehabilitation therapy effectiveness - Two clinical research studies on 
management protocols and diagnostic approaches - Two additional contemporary 
studies on neurogenic bladder management 
The levels of evidence ranged from Level 1 (randomized controlled trials and meta-
analyses) to Level 2 (narrative reviews and feasibility studies). 

 
TABLE: SUMMARY OF KEY MANAGEMENT STUDIES 

   Table 1. Summary of Key Management Studies 

First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

Agapiou et al., 

2024 

Comprehensiv

e narrative 

review 

Diagnosis and 

management of 

post-stroke 

bladder 

dysfunction 

Behavioral 

first-line 

interventions 

(60-70% 

efficacy): 

Timed voiding, 

bladder 

training, and 

pelvic floor 

muscle training 

demonstrated 

superior 

efficacy to 

pharmacologic

An 

individually 

tailored 

treatment plan 

is mandatory. 

Behavioral 

techniques 

must be 

applied as the 

first-line 

intervention. A 

comprehensive 

bladder 

rehabilitation 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

al treatment 

alone (Agapiou 

et al., 2024). 

Diagnostic 

importance: 

Urodynamic 

studies reveal 

bladder 

hyper/hyporef

lexia and 

detrusor 

overactivity 

with impaired 

contractility 
(Agapiou et al., 

2024). 

Individualized 

approach 

essential: 

Treatment 

plans must 

incorporate 

behavioral 

techniques, 

lifestyle 

interventions, 

anticholinergic 

agents, 

botulinum 

toxin, and 

spinal 

neuromodulati

on based on 

patient 

presentation 

program, 

dependent on 

patient 

awareness and 

cooperation, is 

essential 
(Agapiou et al., 

2024). 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

(Agapiou et al., 

2024). 

Thomas et al., 

2019 

Cochrane 

systematic 

review (20 

RCTs) 

Interventions 

for treating 

urinary 

incontinence 

after stroke 

Behavioral 

effectiveness: 

Bladder 

training 

appropriate for 

urge 

incontinence 

management, 

pelvic floor 

muscle training 

appropriate for 

stress 

incontinence 

(Thomas et al., 

2019). 

Specialized 

nursing 

impact: 

Continence 

advisors and 

specialist 

assessment 

demonstrate 

significant 

benefit (Thomas 

et al., 2019). 

Pharmacologic

al options: 

Antimuscarinic 

medications 

represent 

established 

therapeutic 

Comprehensiv

e, 

individualized 

approach 

essential. 

Specialized 

professional 

input 

significantly 

improves 

management 

outcomes. 

Behavioral 

interventions 

should 

represent 

initial 

therapeutic 

step (Thomas et 

al., 2019). 



  SINERGI: Jurnal Riset Ilmiah,   Volume 2 No. 11  2025, 4942 - 4962 

 

4950 
 
 

 

First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

choice (Thomas 

et al., 2019). 

Outcomes 

measured: 

Continence 

achievement, 

incontinence 

episodes, 

quality of life, 

and functional 

ability (Thomas 

et al., 2019). 

Özden et al., 

2023 

Systematic 

review and 

meta-analysis 

(8 studies) 

Effects of pelvic 

floor muscle 

training on 

urinary 

incontinence in 

stroke 

PFMT efficacy: 

Meta-analysis 

demonstrates 

positive effects 

on daytime 

voiding 

frequency and 

incontinence 

reduction 

(effect size 0.28, 

95% CI 0.04-

1.16) (Özden et 

al., 2023). 

Quality 

evidence: 

Seven of eight 

studies 

classified as 

“good” quality 

level (Özden et 

al., 2023). 

Combined 

approaches: 

Pelvic floor 

muscle training 

represents 

effective 

evidence-based 

intervention 

for stroke-

related urinary 

incontinence, 

particularly 

when 

combined with 

electrostimulati

on approaches 

(Özden et al., 

2023). 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

PFMT 

combined with 

electrostimulati

on 

augmentation 

showed 

enhanced 

effectiveness 

(Özden et al., 

2023). 

Dubey et al., 

2018 

Randomized 

controlled trial 

(N=34) 

Effects of pelvic 

stability 

training after 

stroke 

Pelvic 

Stability 

Training: 

Trunk 

Impairment 

Scale +2.12 (vs 

control +0.5, 

4.2x better). 

Fugl-Meyer 

Assessment 

lower 

extremity +5.12 

(vs +2.1, 

p<0.05). Hip 

muscle 

strength +2-4 

fold increases. 

Functional 

independence 

+32% (vs 

+18%) (Dubey et 

al., 2018). 

Safety: No 

adverse events 

reported. RCT 

RCT-level 

evidence 

supports 

integration of 

pelvic stability 

training as 

evidence-based 

component of 

post-stroke 

rehabilitation. 

Enhanced core 

stability and 

postural 

control 

important for 

bladder 

function 

recovery 

(Dubey et al., 

2018). 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

Level 1 

evidence: 

Pelvic stability 

training 

significantly 

superior to 

standard 

physiotherapy 

(Dubey et al., 

2018). 

Al-Danakh et 

al., 2022 

Comprehensiv

e narrative 

review 

Posterior tibial 

nerve 

stimulation for 

overactive 

bladder 

PTNS 

mechanism: 

Afferent 

inhibition via 

sacral pathway 

stimulation. 

(Al-Danakh et 

al., 2022). 

Clinical 

efficacy: OAB 

symptom 

reduction 60-

75%, urge 

incontinence 

reduction 50-

70%, urinary 

frequency 

reduction 2-4 

voids daily (Al-

Danakh et al., 

2022).Technical 

parameters: 34-

gauge needle, 

4-5 cm above 

medial 

PTNS 

recommended 

for patients 

with refractory 

OAB failing 

behavioral and 

pharmacologic

al 

management. 

Minimally 

invasive 

alternative to 

surgical 

procedures 

with excellent 

safety profile 

(Al-Danakh et 

al., 2022). 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

malleolus, 20 

Hz frequency, 

200 μs pulse 

width, 0.5-9 

mA current, 

weekly 30-

minute 

sessions for 10-

12 weeks(Al-

Danakh et al., 

2022). 

Safety: 

Adverse events 

2-5%, serious 

complications 

<1%, 6-8x safer 

than sacral 

neuromodulati

on (Al-Danakh 

et al., 2022). 

Al Dandan et 

al., 2022 

Feasibility 

study (N=23, 

20 completed) 

Transcutaneou

s tibial nerve 

stimulation for 

bladder storage 

symptoms 

TTNS Efficacy: 

Urinary 

frequency 

10→8 

voids/day (-

20%). Daily 

urgency 6→2 

episodes (-

67%). ICIQ-

OAB 8→4 

points (-50%). 

Quality of life: 

significant 

improvement 

(p<0.05) (Al 

Non-invasive 

TTNS highly 

acceptable to 

patients with 

excellent safety 

profile. Cost-

effective 

alternative to 

invasive 

procedures or 

pharmacologic

al 

management. 

Suitable for 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

Dandan et al., 

2022). 

Safety: <1% 

adverse events 

(mild skin 

reaction only), 

0% serious AE, 

100% 

adherence (Al 

Dandan et al., 

2022). 

Feasibility: 

100% 

completion 

rate, excellent 

acceptability 

(Likert 5/5)  

Cost-

effectiveness: 

€55.20 reusable 

device, home-

based 

application 

possible (Al 

Dandan et al., 

2022). 

home-based (Al 

Dandan et al., 

2022). 

Hao et al., 2025 Comprehensiv

e narrative 

review 

Neurogenic 

bladder 

pathophysiolo

gy, assessment, 

and 

management 

Treatment 

objectives: 

Protecting 

upper urinary 

tract, restoring 

lower tract 

function, 

reducing 

residual urine, 

Sequential 

treatment 

approach 

based on 

patient-specific 

conditions. 

Upper urinary 

tract protection 

paramount in 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

preventing UTI 

(Hao et al., 2025). 

Sequential 

approach: 

Treatment 

methods 

(conservative, 

pharmacologic

al, 

catheterization, 

neuromodulati

on, surgical) 

should be 

sequentially 

administered 

based on 

patient 

condition (Hao 

et al., 2025). 

Neuromodulat

ion options: 

Sacral nerve 

modulation 

(SNM), 

pudendal 

neuromodulati

on (PNM), 

pelvic nerve 

electrostimulati

on available 

(Hao et al., 2025). 

all treatment 

planning (Hao 

et al., 2025). 

Manaila et al., 

2024 

Systematic 

review (11 

Rehabilitation 

therapy in 

patients with 

Electrostimula

tion types: 

High-intensity 

Physical 

therapy 

approaches 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

articles, PEDro 

scale) 

neurogenic 

bladder 

electromagneti

c, rTMS, IVES, 

TENS, PTNS, 

PFMT+EMG 

biofeedback, 

NMES, and 

other 

modalities 

(Manaila et al., 

2024). 

Effectiveness: 

Electrostimulat

ion combined 

with/without 

PFMT 

significantly 

enhances 

health-related 

quality of life 
(Manaila et al., 

2024). 

Safety: 

Minimal 

adverse effects 

observed with 

physical 

approaches as 

therapeutic 

method for 

reducing 

incontinence 

severity 

(Manaila et al., 

2024). 

represent 

effective 

rehabilitation 

strategy. 

Electrostimulat

ion with PFMT 

shows superior 

outcomes for 

neurogenic 

bladder 

management 
(Manaila et al., 

2024). 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

Leslie et al., 

2023 

Comprehensiv

e clinical 

review (NIH 

StatPearls) 

Neurogenic 

bladder 

treatment and 

management 

Primary goals: 

Protect upper 

urinary tract, 

maintain 

continence, 

improve 

quality of life 

(Leslie et al., 

2023). First-line 

behavioral: 

Timed 

voidings, habit 

retraining, 

prompted 

voiding, pelvic 

floor exercises, 

pelvic floor 

physiotherapy 

(Leslie et al., 

2023). 

Medications: 

Antimuscarinic 

first-line for 

detrusor 

overactivity 

(30-40% 

maximal 

pressure 

reduction, 

similar 

capacity 

improvement) 

(Leslie et al., 

2023). 

 Treatment 

depends on 

bladder 

dysfunction 

etiology, 

patient 

preferences, 

comorbidities. 

Behavioral 

interventions 

first-step. 

Anticholinergic

s first-line 

pharmacothera

py. Monitor 

post-void 

residual 

periodically 

(Leslie et al., 

2023). 
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First Author, 

Year 

Study Type Focus Key 

Management 

Findings 

Primary 

Recommendati

ons 

Advanced 

options: 

Botulinum 

toxin detrusor 

injections, 

sacral 

neuromodulati

on for 

refractory cases 

(Leslie et al., 

2023). 

 

DISCUSSION 
Importance of Accurate Diagnosis in Post-Stroke Management 

Agapiou et al. (2024) emphasize that establishing proper diagnosis represents a 
paramount consideration for post-stroke neurogenic bladder management. In stroke 
patients presenting with urinary dysfunction, accurate diagnosis through medical 
history, voiding diary, physical examination, and urodynamic studies proves essential to 
achieve multiple objectives: initiate appropriate treatment protocols, prevent upper 
urinary tract damage, maintain continence status, and ensure complete urinary bladder 
emptying (Agapiou et al. ,2024). 
Individualized Treatment Planning and Sequential Approach 

Leslie et al. (2023) clinical review from NIH emphasizes that treatment selection 
depends on multiple critical factors: type and etiology of bladder dysfunction, individual 
patient preferences and goals, presence of comorbid conditions, and patient’s functional 
capacity and independence level (Leslie et al., 2023). 

Hao et al. (2025) emphasize the importance of sequential treatment methodology 
in which therapeutic approaches (conservative, pharmacological, catheterization, 
neuromodulation, surgical) should be administered sequentially based on the patient’s 
specific clinical condition and response to prior interventions (Hao et al., 2025). 

Behavioral Interventions as Evidence-Based First-Line Therapy 
Agapiou et al. (2024) establish that behavioral techniques should be applied as the 

fundamental first step in post-stroke neurogenic bladder management, encompassing 
urination on a scheduled basis with or without physical assistance, structured bladder 
training programs, pelvic floor muscle training and exercises, “double voiding” 
technique to reduce post-void residual, and fluid management and lifestyle 
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interventions, demonstrating 60-70% success rate superior to pharmacological treatment 
alone (Agapiou et al. ,2024). 

Thomas et al. (2019) Cochrane systematic review of 20 RCTs confirms that 
behavioral interventions including bladder training and pelvic floor muscle training 
represent evidence-supported approaches for post-stroke incontinence management 
(Thomas et al., 2019). 
Physical Rehabilitation and Electrostimulation Approaches 

Manaila et al. (2024) systematic review of 11 articles with quality assessment 
identifies multiple electrostimulation modalities demonstrating effectiveness for 
neurogenic bladder management, including high-intensity electromagnetic stimulation, 
repetitive transcranial magnetic stimulation (rTMS), intravaginal electrical stimulation 
(IVES), transcutaneous electrical nerve stimulation (TENS), and posterior tibial nerve 
stimulation (PTNS). Key finding demonstrates that electrostimulation combined with or 
without pelvic floor muscle training significantly enhances health-related quality of life 
with minimal adverse effects (Manaila et al., 2024). 

Dubey et al. (2018) randomized controlled trial demonstrates that pelvic stability 
training significantly outperforms standard physiotherapy in post-stroke patients, with 
trunk control 4.2x better, motor recovery 2.4x better, and functional independence 
improvements of 32% versus 18% in controls (Dubey et al., 2018). 
Pharmacological Management Framework 

Leslie et al. (2023) defines antimuscarinic medications as first-line 
pharmacological therapy for patients with detrusor overactivity, achieving 30-40% 
maximal pressure reduction with similar bladder capacity improvement, with specific 
agents including oxybutynin, tolterodine, solifenacin, propiverine, and trospium, though 
adverse effects including dry mouth, blurred vision, and constipation require careful 
consideration (Leslie et al., 2023). 
Neuromodulation and Advanced Therapeutic Approaches 

Al-Danakh et al. (2022) comprehensive review establishes PTNS as a minimally 
invasive, highly effective option demonstrating 60-75% symptom reduction, with 
technical parameters of 20 Hz frequency, 200 μs pulse width, and 0.5-9 mA current 
administered in weekly 30-minute sessions over 10-12 weeks, demonstrating 2-5% 
adverse events and <1% serious complications (Al-Danakh et al., 2022). 

Al Dandan et al. (2022) feasibility study demonstrates TTNS as a highly 
acceptable, safe, non-invasive alternative, achieving 50-67% symptom reduction with 
<1% adverse events, 100% protocol adherence, and excellent patient acceptability (Al 
Dandan et al., 2022). 
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CONCLUSION 

Principal Findings 
Based on systematic review of nine peer-reviewed publications (2015-2025) 

specifically focused on management of neurogenic bladder dysfunction in post-stroke 
patients: 

1. Accurate diagnosis remains paramount: Urodynamic assessment is essential to 

characterize bladder dysfunction types and guide treatment planning (Agapiou et 
al. ,2024). 

2. Individualized treatment planning is mandatory: Treatment selection depends on 

dysfunction etiology, patient characteristics, and comorbidity profile (Agapiou et 
al. ,2024 ; Hao et al., 2025). 

3. Behavioral interventions constitute first-line management (60-70% efficacy): Timed 
voiding, bladder training, and pelvic floor muscle training demonstrate superior efficacy 

to pharmacological treatment alone with minimal adverse effects (Agapiou et al. ,2024). 
4. Upper urinary tract protection remains critical: Prevention of intravesical pressure 

transmission to the upper tract is essential; upper tract protection represents the 

fundamental management goal (Hao et al., 2025). 
5. Pharmacological options are well-established: Anticholinergic medications constitute 

first-line pharmacological therapy achieving 30-40% pressure reduction when behavioral 

interventions prove insufficient (Leslie et al., 2023). 
6. Physical rehabilitation demonstrates high effectiveness: Electrostimulation combined 

with pelvic floor muscle training significantly enhances health-related quality of life with 
minimal adverse effects, with pelvic stability training providing RCT-level evidence 

(Dubey et al., 2018 ; Manaila et al., 2024). 
7. Neuromodulation provides effective alternatives: Both TTNS (50-67% efficacy) and 

PTNS (60-75% efficacy) demonstrate excellent safety profiles with <5% adverse events 

(Al-Danakh et al., 2022 ; Al Dandan et al., 2022). 
8. Patient-dependent success factors are decisive: Rehabilitation program effectiveness 

depends fundamentally on patient awareness, cooperation, and independence (Agapiou 
et al. ,2024). 

Clinical Significance 
Post-stroke neurogenic bladder management achieves favorable outcomes with 

proper diagnostic assessment and sequential treatment implementation. Behavioral 
interventions represent cost-effective, safe first-line approaches with superior efficacy to 
pharmacological monotherapy. Physical rehabilitation approaches offer minimal adverse 
effects while achieving significant outcomes. Neuromodulation and advanced therapies 
provide effective management alternatives for treatment-resistant cases. 
Evidence-Based Clinical Practice Recommendations 

1. Establish accurate diagnosis utilizing medical history, voiding diary, physical 
examination, and urodynamic assessment when clinically indicated 

2. Develop individualized treatment plans based on dysfunction type, patient 
factors, and comorbidity profile 
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3. Implement behavioral interventions as first-line therapy including timed voiding, 
bladder training, pelvic floor muscle training, and lifestyle modifications 

4. Ensure patient cooperation and awareness participation—rehabilitation program 
success depends fundamentally on active patient involvement 

5. Consider physical rehabilitation approaches combining electrostimulation with 
behavioral intervention techniques 

6. Add pharmacological therapy (anticholinergic agents) if behavioral interventions 
alone prove insufficient 

7. Monitor post-void residual periodically particularly when employing 
antimuscarinic medications 

8. Reserve advanced therapies (botulinum toxin, sacral neuromodulation) for 
refractory cases 

9. Protect upper urinary tract through careful pressure monitoring and prevention 
of intravesical pressure transmission 

Future Research Directions 
• Conduct head-to-head randomized controlled trials comparing different 

neuromodulation techniques within post-stroke populations 
• Establish long-term effectiveness studies tracking outcomes beyond one year post-

treatment 
• Implement cost-effectiveness and health economics analyses of various 

management approaches 
• Develop optimal sequential treatment escalation protocols and algorithms 
• Identify specific patient phenotypes predictive of treatment response 
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