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Clinical efficacy of electroacupuncture for urinary incontinence following spinal cord injury: a meta-analysis and trial sequential analysis
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Purpose: Urinary incontinence (UI) is a prevalent clinical manifestation in spinal cord injury (SCI) patients, occurring in approximately 70% of these individuals. This systematic review aims to comprehensively evaluate the research evidence on electroacupuncture (EA) for UI after SCI, assess its clinical efficacy and safety, and provide a reference for clinical practice.

Method: Eight databases were searched for randomized controlled trials (RCTs) published from inception to May 20th, 2025. RCTs comparing EA (with or without conventional rehabilitation, CR) to CR alone for managing UI after SCI were included. Data were analyzed using R version 3.6.3. In accordance with PRISMA-2020 guidelines, two reviewers independently extracted data and assessed the risk of bias using the Cochrane risk of bias tool (ROB 2.0). The certainty of the evidence was graded using the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) according to GRADE handbook.

Results: A total of 15 studies were included, comprising 1,394 patients with UI after SCI. The meta-analysis indicated that, compared to the CR group, the EA group showed a significant improvement in 24 h incontinence frequency (MD = −1.42, 95% CI [−1.88, −0.96], p < 0.01), maximum urine output in 24 h (MD = 18.98, 95% CI [9.27, 28.69], p < 0.01), and single urination volume in 24 h (MD = 30.76, 95% CI [21.45, 40.08], p < 0.01). Regarding the Urodynamic outcome indices, the EA group displayed significant improvement in residual urine volume (MD = −20.06, 95% CI [−28.73, −11.38], p < 0.01), bladder volume (MD = 38.86, 95% CI [19.98, 57.75], p < 0.01), maximum urine flow rate (Qmax) (MD = 2.68, 95% CI [1.66, 3.70], p < 0.01), detrusor pressure (PdetQmax) (MD = −6.77, 95% CI [−9.54, −4.00], p < 0.01), and bladder compliance (BC) (MD = 1.41, 95% CI [0.88, 1.93], p < 0.01). Trial Sequential Analysis (TSA) confirmed the superior treatment outcomes of EA compared to CR. The reported adverse events related to acupuncture were minimal and less severe.

Conclusion: EA exhibits considerable potential to enhance self-control of bladder function in patients with UI following SCI. However, this study has certain limitations, and higher quality randomized controlled trials are necessary to confirm these findings.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier CRD42024594516.
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1 Introduction

The spinal cord functions as both the neural pathway and the central hub for urinary reflexes. After spinal cord injury (SCI), a significant majority of patients experience urinary dysfunction, characterized by reduced self-control over urination and impaired regulation of urinary movements. Urinary incontinence (UI) is a prevalent clinical manifestation in SCI patients, affecting approximately 70% individuals (1). Bladder detrusor hyperactivity and abnormal urethral sphincter contractions following SCI are major contributing factors to UI (2).

UI not only imposes substantial inconvenience on patients’ lives but also poses a risk for various complications (3, 4), including physical, social, and emotional impairments, and an increased risk of febrile urinary tract infections. Effective bladder management is crucial to prevent these infections (5, 6). Traditional approaches for the treatment of urinary incontinence caused by neurological disorders include pharmacological therapies, surgical interventions, and behavioral training (7). Alternative therapies encompass physical neuromodulation techniques and integrative approaches combining traditional Chinese and Western medicine (such as electroacupuncture of the pudendal nerve). The latter has been shown to significantly improve bladder dysfunction associated with conditions like multiple sclerosis by enhancing pelvic floor muscle contraction (8).

Acupuncture, as a complementary alternative therapy, offers certain advantages in alleviating incontinence symptoms (9, 10). In this context, Electroacupuncture (EA) refers to the technique in which pulse current is applied after elicitation of “Deqi” via filiform needle insertion, modality that integrates traditional acupuncture with modern electrical stimulation techniques, holds promise for the treatment of UI following SCI patients (11). EA stimulation may induce electrophysiologic changes and modulate neurotransmitter activity in the bladder, exhibiting both excitatory and inhibitory effects (12, 13). This dual modulation can enhance voiding function by improving the contraction of a weakened detrusor muscle and inhibiting hyperreflexia, thus enhancing the bladder’s storage function (14). Additionally, EA can regulate the coordination between the bladder detrusor and urethral sphincter.

Recent research has increasingly focused on the effects of EA on UI following SCI patients (15–17). And this systematic review aims to comprehensively evaluate on the efficacy and safety of EA for UI following SCI and provide guidelines for clinical practice. We will employ trial sequential analysis (TSA) to assess whether the included trials have reached the optimal information size and if the cumulative data are adequately powered to evaluate outcomes.



2 Materials and methods


2.1 Literature search strategy

We registered the protocol on the PROSPERO (ID: CRD42024594516) and conducted our study in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses 2020 (PRISMA-2020) (18) guidelines in Supplementary material. We searched the following eight databases for Chinese and English articles from inception to May 20th, 2025: PubMed, Embase (Ovid), Web of Science, Cochrane Library, CBM, CNKI, Wanfang, and VIP. The search strategy details are provided in Supplementary Tabl S1.



2.2 Inclusion and exclusion criteria

All enrolled UI patients met the diagnostic criteria for SCI established by the American Spinal Injury Association, and had completed the spinal shock stage, neurogenic bladder was diagnosed as incontinence following spinal cord injury. The experimental group was treated with EA (involves piercing the skin and eliciting a deqi sensation), which can be supplemented with conventional rehabilitation (CR) measures. The CR including Western medicine, instrumental assistance, physical therapy. The control group was treated with CR measures or combined with sham acupuncture. The outcome measures included: urination diary indices (24 h incontinence frequency, 24 h maximum urine output, 24 h single urination volume) and urodynamic outcome indices [residual urine volume, bladder volume, maximum urine flow rate (Qmax), detrusor pressure (PdetQmax), bladder compliance (BC)].

Only RCTs that utilized EA for treating UI after SCI were included. We excluded articles that were not available in full text and other publication types such as letters, comments, and conference abstracts. Studies for which complete data could not be obtained or that used the same patient data as other included articles were also excluded. The eligible trials met the following PICOS (participants, interventions, comparisons, outcomes, and study design) criteria.



2.3 Data extraction

Two researchers independently selected the studies, collected the data, and imported the determined studies into EndNote 20. Any disagreements were resolved by a third researcher. Initially, articles with duplicate data were excluded. Subsequently, unrelated research was excluded based on the title and abstract. Then, the remaining studies were reviewed in detail to determine the final selection. Data for each included study were entered into Microsoft Excel (2016), including the study ID, age, sex, sample size, disease duration, intervention time, study design, acupuncture points and the outcomes.



2.4 Quality assessment

Two reviewers independently assessed the risk of bias for each included study using the Cochrane Risk of Bias (ROB) tool 2.0 (19). The certainty of the evidence was graded using the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) according to (GRADE handbook). Disagreements between reviewers were resolved by a third researcher.



2.5 Strategy for data synthesis

Meta-analysis was conducted whenever outcomes were comparable across studies. Data analysis was performed using R 3.6.3. Continuous data were presented as mean difference (MDs) with 95% CI, and dichotomous data were presented as relative risk (RR) with 95% CI. Standardized mean differences (SMDs) with 95% CIs were calculated for studies using different outcome scales, and MDs with 95% CIs were calculated for studies using the same outcome scale (20). Heterogeneity was categorized as low (I2 < 50%), moderate (I2 = 50–74%), or high (I2 ≥ 75%) (21). Due to conceptual heterogeneity in acupuncture RCTs, a random effect model was used. Publication bias was assessed using Egger’s test when more than 10 studies were included in the analysis (22). If the heterogeneity was considerable, we would conduct subgroup analysis. The sensitivity analyses were conducted to assess robustness of the synthesized results. Trial sequential analysis (TSA) was conducted to determine if the optimal information size was reached and if the cumulative data were sufficiently powered to evaluate the outcomes. TSA software 0.9.5.10 beta (Copenhagen Trial Unit, Denmark) was used (23–25). An optimal information size was defined with a two -sided 5% risk of a type I error or a 20% risk of a type II error (80%power).




3 Results


3.1 Description of included trials

At first, a total of 1,484 articles were identified through database searches, with 89 from Pubmed, Cochrane, Embase, and Web of Science. 1,395 from CNKI, CBM, VIP, and Wan fang Data. Additional 10 records were identified through reference lists. After removing 862 duplicate articles, 622 articles underwent title and abstract screening. Of these, 546 articles were excluded due to lack of relevance, leaving 76 articles that met the inclusion criteria. Subsequently, 61 articles were excluded for the following reasons: not RCT (21 articles), disease mismatch (12 articles), patients mismatch (10 articles), and interventions not meeting inclusion criteria (18 articles). Ultimately, 15 RCTs (15–17, 26–37) were included (Figure 1).

[image: Flowchart depicting a study selection process. Records identified: 89 from international databases and 1,395 from Chinese databases. After duplicate removal, 622 records remain. 76 records screened; 516 excluded for no RCT, mismatch, or disease criteria. 15 full-text articles assessed; 21 excluded for similar reasons. 15 studies included in synthesis.]

FIGURE 1
 Process of identification and selection of relevant articles in this meta-analysis.


All included studies were published and conducted in Chinese (Table 1). 14 studies employed a two-armed, one study employed a three-armed (35), parallel design, with sample sizes ranging from 35 to 164 participants. The included studies comprised 1,394 patients with a mean age ranging from 20 to 68 years. All diagnosed with UI following SCI. And all the studies included were uppermotor neuron injuries. The experimental interventions included EA, EA combined with conventional rehabilitation, while the control groups received conventional rehabilitation across all studies. Outcome measures included urination diary indices (24-h incontinence frequency, 24-h maximum urine output, 24-h single urination volume) and urodynamic indices [residual urine volume, bladder volume, maximum urine flow rate (Qmax), detrusor pressure (PdetQmax), bladder compliance (BC)].


TABLE 1 Information of the included studies.


	First author (year)
	ASIA
	Disease course (month)
	Age (years)
	Sex (male/female)
	Intervention
	Acupuncture points
	Course of treatment (d)
	the timing of the first assessment
	Outcomes



	Trial
	Control
	Trial
	Control
	Trial
	Control
	Trial
	Control

 

 	Feng 2014 (26) 	B 	4.62 ± 1.20 	4.79 ± 1.62 	29.8 ± 12.1 	25.2 ± 10.8 	16/7 	14/6 	EA + CR (n = 23) 	CR (n = 20) 	BL32, BL23, BL28 	28 	2011.01–2013.06 	c,d,f


 	Meng 2015 (34) 	NR 	12.9 ± 3.8 	13.5 ± 4.2 	36 ± 8 	36 ± 7 	/ 	/ 	EA + CR (n = 20) 	CR (n = 15) 	CV3, CV4, BL23, BL35, BL31-34 	28 	2010.01–2013.12 	a


 	Geng 2017 (27) 	A58 B70 	6.11 ± 2.37 	6.56 ± 2.17 	32.8 ± 8.55 	34.2 ± 9.56 	40/26 	38/24 	EA (n = 66) 	CR (n = 62) 	CV4 	28 	2015.02–07 	e,f,g,h


 	Liu 2017 (28) 	B 	NR 	NR 	35.8 ± 10.2 	33.6 ± 9.7 	43/39 	40/42 	EA + CR (n = 82) 	CR (n = 82) 	CV3, CV4, CV6, ST25, EX-B2, BL31-34, BL35BL57, KI1 	60 	/ 	b,c,e,g,h


 	Jiang 2019 (30) 	A29
 B21 	19.2 ± 4.7 	19.8 ± 5.1 	34.6 ± 6.5 	35.1 ± 6.1 	17/8 	18/7 	EA + CR (n = 25) 	CR (n = 25) 	CV3, CV4, SP6 	28 	2015.08–2017.08 	d,e,f,g


 	Cheng 2019 (29) 	NR 	/ 	/ 	37 ± 11 	33 ± 11 	26/8 	25/8 	EA + CR (n = 34) 	CR (n = 33) 	BL31-34, BL35 	30 	2014.01–2016.10 	d


 	Ke 2021 (31) 	NR 	1.50 ± 0.34 	1.50 ± 0.34 	36.31 ± 7.85 	36.25 ± 7.78 	28/14 	27/15 	EA + CR (n = 42) 	CR (n = 42) 	BL28, BL25, BL2, CV4, CV3, BL31-34, BL35 	56 	2017.10–2019.10 	b,d,e


 	Wei 2021 (33) 	B 	2.12 ± 0.39 	1.48 ± 0.36 	43.48 ± 11.62 	44.48 ± 10.79 	15/6 	16/5 	EA + CR (n = 21) 	CR (n = 21) 	BL23, BL28, BL31-34, BL35 	21 	2017.01–2020.06 	a,c,d,e,g


 	Li 2021 (32) 	B 	1.42 ± 0.67 	1.58 ± 0.72 	43.35 ± 5.72 	42.15 ± 5.34 	20/10 	18/12 	EA + CR (n = 30) 	CR (n = 30) 	CV4, CV3, SP6, KI6, CV2 	42 	2017.06–2020.06 	a,c,d,e,g,h


 	Zhu 2022 (17) 	B 	2.09 ± 0.79 	1.91 ± 0.61 	44.41 ± 11.63 	45.47 ± 10.34 	21/11 	22/10 	EA + CR (n = 30) 	CR (n = 30) 	BL31-34 	21 	2019.01–2020.12 	a,d,c,e,f


 	Zhang 2023 (16) 	B 	6.32 ± 1.96 	5.75 ± 1.87 	47.45 ± 6.12 	46.28 ± 5.95 	29/18 	26/21 	EA + CR (n = 47) 	CR (n = 47) 	BL31-34 	42 	2020.02–2022.05 	a,c,d,e,g


 	Sun 2023 (35) 	B 	72.8 ± 7.63 	70.6 ± 6.06 	44.52 ± 8.40 	46.56 ± 10.10 	15/5 	12/8 	EA + CR (n = 20) 	CR (n = 20) 	BL31-34 	40 	2019.05–2022.03 	a,c,d,f,g,h


 	Zong 2024 (15) 	NR 	3.74 ± 1.37 	3.52 ± 1.23 	46.30 ± 11.57 	48.03 ± 10.32 	16/14 	15/15 	EA + CR (n = 30) 	CR (n = 30) 	EX-B2, BL23, BL35, DU20 	14 	2019.10–2022.10 	a,d


 	Hu 2024 (36) 	NR 	6.3 ± 1.8 	6.0 ± 1.6 	39 ± 3.3 	39.5 ± 3.5 	15/15 	18/12 	EA + CR (n = 30) 	CR (n = 30) 	BL31-34, DU23, DU4, ST28 	56 	2020.01–2021.12 	a,c,d,g


 	Ye 2024 (37) 	A10 B70 	6.01 ± 1.02 	6.11 ± 1.05 	46.01 ± 5.12 	45.95 ± 5.07 	28/12 	26/14 	EA + CR (n = 40) 	CR (n = 40) 	BL31-34, BL35 	42 	2022.06–2023.12 	a,c,d,f,g





UMN, Upper motor neuron injury; LMN, Lower motor neuron injury; A, Complete spinal cord injury; B, Incomplete spinal cord injury; NR, Not Reported; EA, Electroacupuncture; CR, conventional rehabilitation; a, 24 h incontinence frequency; b, 24 h maximum urine output; c, 24 h single urination volume; d, residual urine volume; e, bladder volume; f, Qmax; g, PdetQmax; h, BC.
 



3.2 Risk of bias

Three studies (15, 26, 29) showed a high risk of bias, while the remaining studies exhibited some concerns. The randomization process was mentioned in all studies, nine articles used randomized table method and were rated as low risk, three articles sorted participants according to consultation order and admission time, and were rated as high risk, and three articles used unspecified grouping methods, leading to some concerns regarding potential selection bias. Due to the specific nature of acupuncture therapy, all studies were not blinded. However, the included outcome measures were less susceptible to bias from lack of blinding, thus deviations from intended interventions were assessed as low risk for all included studies. Additionally, none studies had registered protocols, leading to some concerns regarding biases in outcome confirmation and reporting (Figures 2A,B).

[image: Chart A shows a bar graph depicting the percentage of risk assessment in bias categories: overall bias, selection, measurement, missing data, deviations, and randomization process. Categories are color-coded for low risk (green), some concerns (yellow), and high risk (red). Chart B displays a traffic light plot with individual study assessments across the same bias categories, using similar color coding: low risk (green circle), some concerns (yellow circle), and high risk (red circle), with studies labeled on the left.]

FIGURE 2
 (A) Risk of bias graph. (B) Risk of summary.




3.3 The forest of outcome index of urination diary


3.3.1 24 h incontinence frequency

In 9 studies (15–17, 32–37), the effect of EA (or combined with CR) on 24 h incontinence frequency was compared with that of CR. The meta-analysis showed that EA had superior effects compared to CR (n = 535, MD = −1.42, 95% CI (−1.88, −0.96), p < 0.01), with high heterogeneity (I2 = 83%) (Figure 3A).

[image: Three forest plots display the results of meta-analyses on urinary outcomes. (A) Shows the 24-hour incontinence frequency with most studies favoring decreased frequency in the experimental group. (B) Shows the 24-hour maximum urine output with higher output in the experimental group. (C) Shows the 24-hour single urination volume with increased volume noted in the experimental group. Each plot includes study details, mean differences, confidence intervals, and heterogeneity statistics.]

FIGURE 3
 The forest of outcome index of urination diary. (A) The forest of 24 h incontinence frequency. (B) The forest of 24 h maximum urine output. (C) The forest of 24 h single urination volume.




3.3.2 24 h maximum urine output

In 2 studies (28, 31), the effect of EA (or combined with CR) on 24 h maximum urine output was compared with that of CR. The meta-analysis indicated superior effects of EA over CR (n = 248, MD = 18.98, 95% CI (9.27, 28.69), p < 0.01), with low heterogeneity (I2 = 0%) (Figure 3B).



3.3.3 24 h single urination volume

In 9 studies (16, 17, 26, 28, 32, 33, 35–37), the effect of EA (or combined with CR) on 24 h single urination volume was compared with that of CR. The meta-analysis demonstrated superior effects of EA compared to CR (n = 647, MD = 30.76, 95% CI (21.45, 40.08), p < 0.01), with moderate heterogeneity (I2 = 62%) (Figure 3C).




3.4 The forest of urodynamic outcome index


3.4.1 Residual urine volume

In 12 studies (15–17, 26, 29–33, 35–37), the effect of EA (or combined with CR) on residual urine volume was compared with that of CR. The meta-analysis showed that EA had superior effects compared to CR (n = 744, MD = −20.06, 95% CI (−28.73, −11.38), p < 0.01), with high heterogeneity (I2 = 87%) (Figure 4A).

[image: Five forest plots display meta-analysis results. (A) Residual urine volume shows a mean difference favoring experimental groups, CI -28.73 to -11.38. (B) Bladder volume results show higher volumes in experimental groups, CI 19.88 to 57.75. (C) Qmax indicates an increase in experimental groups, CI 1.66 to 3.70. (D) PdetQmax shows higher pressures in experimental groups, CI -9.54 to -4.00. (E) Bladder compliance indicates slight improvement in experimental groups, CI 0.88 to 1.93. Each plot includes individual study data and overall effect estimates.]

FIGURE 4
 The forest of urodynamic outcome index. (A) The forest of residual urine volume. (B) The forest of bladder volume. (C) The forest of Qmax. (D) The forest of PdetQmax. (E) The forest of PdetQmax.




3.4.2 Bladder volume

In four studies (17, 26, 27, 30), the effect of EA (or combined with CR) on bladder volume was compared with that of CR. The meta-analysis indicated superior effects of EA over CR CR (n = 288, MD = 38.86, 95% CI (19.98, 57.75), p < 0.01), with moderate heterogeneity (I2 = 57%) (Figure 4B).



3.4.3 Qmax

In 10 studies (16, 17, 27, 28, 30–33, 35, 37), the effect of EA (or combined with CR) on Qmax was compared with that of CR. The meta-analysis showed that EA had superior effects compared to CR (n = 806, MD = 2.68, 95% CI (1.66, 3.70), p < 0.01), with high heterogeneity (I2 = 81%) (Figure 4C).



3.4.4 PdetQmax

In nine studies (16, 27, 28, 30, 32, 33, 35–37), the effect of EA (or combined with CR) on PdetQmax was compared with that of CR. The meta-analysis demonstrated superior effects of EA compared to CR (n = 718, MD = −6.77, 95% CI (−9.54, −4.00), p < 0.01), with high heterogeneity (I2 = 76%) (Figure 4D).



3.4.5 BC

In four studies (27, 28, 32, 35), the effect of EA (or combined with CR) on BC was compared with that of CR. The meta-analysis indicated superior effects of EA over CR (n = 392, MD = 1.41, 95% CI (0.88, 1.93), p < 0.01), with low heterogeneity (I2 = 30%) (Figure 4E).




3.5 The sensitivity analysis of outcome index of urination diary

We performed a leave-one-out sensitivity analysis by iteratively removing one study at a time. The point estimates remained within the 95% confidence interval (CI) of the complete analysis for the outcomes, namely 24 h incontinence frequency and 24 h single urination volume (Figure 5). This suggests that the results were stable.

[image: Forest plots for two meta-analyses labeled A and B. Plot A shows studies with mean differences ranging from -1.33 to -1.53, with a total mean difference of -1.42 and confidence intervals mostly between -2.00 and -0.82. Plot B shows studies with mean differences from 27.25 to 33.88, with a total mean difference of 30.76 and confidence intervals between 20.89 and 45.44. Each study is represented with a red square and horizontal line indicating the confidence intervals, and an overall diamond represents the total difference.]

FIGURE 5
 The sensitivity analysis of outcome index of urination diary [(A) 24 h incontinence frequency, (B) 24 h single urination volume].




3.6 The sensitivity analysis of urodynamic outcome index

We performed a leave-one-out sensitivity analysis by iteratively removing one study at a time. The point estimates remained within the 95%CI of the complete analysis for the outcomes, which include residual urine volume, bladder volume, Qmax, PdetQmax, BC (Figure 6). This indicates that the results were stable.

[image: Five forest plots labeled A to E show meta-analysis results with mean differences and confidence intervals. Plot A displays a total mean difference of -20.06. Plot B shows 38.86. Plot C indicates 2.68, while Plot D exhibits a total of -6.77. Plot E reveals a total mean difference of 1.41. Each plot includes red squares representing individual study estimates and a diamond for the overall estimate.]

FIGURE 6
 The sensitivity analysis of urodynamic outcome index [(A) residual urine volume, (B) bladder volume, (C) Qmax, (D) PdetQmax, (E) BC].




3.7 Publication bias

Eggers tests were performed to detect publication bias when more than 10 studies with the same outcome were included in the analysis. Since Residual urine volume and Qmax indicators exceeded this threshold, a funnel plot and Egger’s tests could be made to assess publication bias (Figure 7). After Egger’s tests, the p-values of the two were 0.2096 and 0.8085 respectively, so there was no risk of bias in either of them.

[image: Plot A shows a funnel plot with "Mean Difference" on the x-axis and "Standard Error" on the y-axis. Data points are scattered around a central vertical line with dashed lines indicating possible bias. Plot B similarly displays a funnel plot with a different scale on the axes, showing data points and a central vertical line with dashed lines.]

FIGURE 7
 The funnel plot of urodynamic outcome index [(A) residual urine volume, (B) Qmax].




3.8 GRADE evidence profile for the studies in the meta-analysis

We extracted all relevant outcomes reported in the 15 included RCTs, specifically 24 h incontinence frequency, 24 h maximum urine output, 24 h single urination volume residual urine volume, bladder volume, Qmax, PdetQmax, BC. The GRADE analysis results indicated that the overall quality of evidence for various outcome indicators ranged from low to moderate, which was not conducive to our recommendation of the results. The reasons for downgrading were clarified with superscripts for each outcome (Table 2).


TABLE 2 GRADE evidence profile for the studies in the meta-analysis.


	Outcome
	No. study
	No. patients
	Certainty assessment
	Summary of findings



	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Effect size Pooled MD (95% CI)
	Certainty

 

 	24 h incontinence frequency 	9 	535 	Serious1 	Serious2 	NS 	NS 	NA 	−1.42, [−1.88, −0.96] 	Low


 	24 h maximum urine output 	2 	248 	NS 	NS 	NS 	Serious3 	NA 	18.98, [9.27, 28.69] 	Moderate


 	24 h single urination volume 	9 	647 	Serious1 	NS 	NS 	NS 	NA 	30.76, [21.45, 40.08] 	Moderate


 	residual urine volume 	12 	744 	Serious1 	Serious2 	NS 	NS 	NA 	−20.06, [−28.73, −11.38] 	Low


 	bladder volume 	4 	288 	Serious1 	NS 	NS 	Serious3 	NA 	38.86, [19.98, 57.75] 	Low


 	Qmax 	10 	806 	NS 	Serious2 	NS 	NS 	NA 	2.68, [1.66, 3.70] 	Moderate


 	PdetQmax 	9 	718 	NS 	Serious2 	NS 	NS 	NA 	−6.77, [−9.54, −4.00] 	Moderate


 	BC 	4 	352 	NS 	NS 	NS 	Serious3 	NA 	1.41, [0.88, 1.93] 	Moderate





1All the included studies were judged by Cochrane risk of bias tool version 2.0. All were judged as some concerns. 2The important heterogeneity was found. 3Number of participants were lower than 400. 4The 95% CI of the meta-analysis results overlapped with the invalid interval. 5Egger’s tests, p < 0.05 means publication bias (when the RCTs ≥ 10). No., number; CI, confidence interval; NS, not serious, NA, not available; MD, mean difference; VS, very serious.
 



3.9 The TSA analysis of outcome index of urination diary

The TSA was conducted for the 24 h incontinence frequency and single urination volume. Due to the relatively high heterogeneity and potential bias in the trials, a random-effect model (BT) was employed (37). The TSA plots for EA (alone or with CR) versus CR showed that Z-curve crossed both the trial sequential monitoring boundary and conventional monitoring boundary, and surpassed the required information size (RIS) axis. This indicates conclusive evidence for the efficacy of EA in improving incontinence in patients with UI (Figure 8).
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FIGURE 8
 The TSA analysis of outcome index of urination diary [(A) 24 h incontinence frequency, (B) single urination volume].




3.10 The TSA analysis of urodynamic outcome index

The TSA was performed for the outcomes of residual urine volume, bladder volume, Qmax, PdetQmax, BC. The TSA plots for EA (alone or with CR) versus CR showed that Z-curve crossed both the trial sequential monitoring boundary and conventional monitoring boundary, and surpassed the RIS axis. This confirms conclusive evidence for the efficacy of EA in improving urodynamic outcomes in patients with UI (Figure 9).

[image: Five graphs labeled A to E, each depicting Taxa Statistical Analysis. The graphs show curves with red and blue lines, indicating taxa distribution changes over parameters like zone width. Vertical red lines mark significant points labeled with RI (Relevance Index) values and cumulative percentages.]

FIGURE 9
 The TSA analysis of urodynamic outcome index [(A) residual urine volume, (B) bladder volume, (C) Qmax, (D) PdetQmax, (E) BC].





4 Discussion


4.1 Main findings

To the best of our knowledge, the effectiveness of EA for UI following SCI remains controversial. This meta-analysis is the first to evaluate the clinical efficacy of EA for UI. We included 15 studies in which all showed that EA (alone or with conventional rehabilitation, CR) was more effective for UI recovery compared to CR alone. This review indicates that EA has significant potential to enhance the recovery of UI in patients with SCI. Specifically, EA significantly reduces the frequency of 24 h urinary incontinence, increase the maximum 24 h urinary output and improves single urinary output. It effectively reduces the residual urine volume in the bladder, increases bladder capacity, and enhances maximum urinary flow rate. Moreover, EA decreases detrusor muscle pressure, improves bladder compliance, and overall bladder function.

A reduction of 1.42 episodes of urinary incontinence within 24 h has achieved the minimal clinically important difference (MCID). The Clinical Practice Guidelines for Comprehensive Management of Neurogenic Bladder1 suggest that a reduction of ≥1 episode of 24-h urinary incontinence can lower the risk of urinary tract infections and improve quality of life. According to the consensus on the management of overactive bladder (OAB) (38), an increase in single voided volume by ≥30 mL may result in a ≥25% reduction in daily voiding frequency (e.g., from 10 times to 7–8 times). Improved voiding efficiency can reduce post-void residual volume and decrease the risk of urinary tract infections. The European Association of Urology (EAU) recommends an increase in Qmax by ≥2 mL/s as a clinically significant indicator of relief from urethral obstruction. This suggests reduced bladder outlet resistance and enhanced urinary flow rate. An increase in Qmax reflects improved urethral sphincter coordination and enhanced detrusor contractility. PdetQmax ≥5 cm H₂O reduction indicates improved synchronized detrusor contractions and optimized urethral resistance during voiding. If PdetQmax decreases while Qmax increases, it suggests a significant improvement in detrusor-urethral coordination. The combined improvement of these parameters can predict effective upper urinary tract protection (39). Adverse reactions to EA were generally mild, primarily including bleeding at needle sites, numbness or soreness. Despite the very low to moderate certainty of evidence due to poor methodological quality and significant heterogeneity among studies, this review synthesizes the existing RCT evidence regarding the effect of EA on UI after SCI. EA may be a valuable addition to treatment protocols for UI following SCI and warrants integration into clinical guidelines.

SCI can disrupt the neural pathways between the bladder and the brain, resulting in a loss of voluntary control over the urination process; SCI may lead to either hyperreflexia or hyporeflexia of the bladder, commonly manifesting as detrusor overactivity (hyperactive detrusor muscle), which results in urgency and incontinence (40). Furthermore, SCI can affect the balance between the sympathetic and parasympathetic nervous systems, leading to dysfunction of the bladder and urethra. It may also cause changes in the bladder wall, including reduced capacity and compliance, ultimately resulting in incontinence (41).

Electroacupuncture (EA) can influence the activity of the sympathetic and parasympathetic nervous systems by stimulating relevant acupoints (42). The parasympathetic nervous system, in particular, plays a crucial role in promoting bladder emptying. Through EA treatment, the activity of the parasympathetic nerves can be regulated to control the relaxation and contraction of the bladder’s smooth muscles, thereby alleviating symptoms of incontinence. EA therapy can also modulate the release of various neurotransmitters, such as serotonin (5-HT), norepinephrine, and opioid substances (43), which in turn regulate neural activity and bladder function. These neurotransmitters are essential for the transmission of neural signals and the coordinated control of bladder muscles. Additionally, EA may reduce the release of inflammatory factors and modulate immune functions, thereby decreasing inflammatory responses and aiding in the management of incontinence (44). Studies have shown that EA can promote the regeneration and repair of nerve cells (45, 46). By stimulating the spinal cord and related neural regions, EA has the potential to foster the regeneration of nerve cells and the reconnection of synapses, thus partially restoring urinary control functions. This systematic review aims to comprehensively evaluate the research evidence on EA for UI following SCI. It assesses the clinical efficacy and safety of EA and provides a reference for clinical practice.



4.2 Quality summaries

Three studies exhibited a high risk of bias due to incorrect randomization method. Variations in acupuncture treatment protocols, practitioner techniques, and the type of SCI (with unclear grouping by injury degree and segment) could contribute to the observed heterogeneity in therapeutic outcomes. None of the included studies implemented blinding due to the nature of electroacupuncture, potentially causing implementation bias. The studies did not specify whether outcome measurements were conducted by an independent third party, raising the possibility of measurement bias if performed by the same physician administering EA. Additionally, none of the studies mentioned pre-registration in the clinical trial registry, making it difficult to ascertain if all intended outcomes were reported, thus introducing reporting bias. The GRADE analysis results indicate that the overall quality of evidence across outcome indicators ranges from low to moderate, which was not conducive to our recommendation of the results.



4.3 Outlook and recommendations

Future RCTs should adhere to the STRICTA and CONSORT guidelines, clearly describe random number generation and allocation concealment, and pre-registration trial protocol. Moreover, outcome assessors, participants, and physicians should be blinded, and any adverse effects should be clearly documented. Improved methods for assessing the effectiveness of blinding in acupuncture RCTs are needed. Bang et al. (47) developed a high-quality blinding assessment tool for clinical trials, which should be widely adopted in the future.



4.4 Strengths and limitations

This paper presents the first meta-analysis on the efficacy of EA for treating UI following SCI, thereby filling a significant research gap. TSA analysis was employed to validate the robustness of the research on multiple outcome indicators, minimizing false positives. However, several limitations should be considered. Firstly, the overall methodology and reporting quality of the included studies were poor, affecting the credibility of the results. Secondly, significant heterogeneity among the studies impacted the meta-analysis findings. Moreover, the limited published literature precluded a comprehensive analysis of the long-term efficacy of EA. Moreover, the studies included were predominantly domestic, with few international reports, reducing the applicability of the findings. Future high-quality RCTs are necessary to provide a reliable basis for using EA to treat UI after SCI. Lastly, the search strategy primarily focused on incontinence. All the qualifying studies involved patients with upper motor neuron injury, which is commonly associated with overactive bladder. Future literature reviews should expand the search terminology to include “overactive bladder” and/or “upper motor neuron bladder” to achieve a more comprehensive evaluation of incontinence and assess the efficacy of EA in populations with SCI.




5 Conclusion

EA can significantly reduce the frequency of 24 h urinary incontinence, increase both maximum 24 h urinary output and single urinary output. It effectively reduces the residual urine volume in the bladder, increases bladder capacity, improves maximum urinary flow rate, decreases detrusor muscle pressure, and enhances bladder compliance. EA shows great potential for improving bladder function control in patients with UI following SCI. However, this study has some limitations and additional high-quality RCTs are required to validate these findings.
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Hu 2024 22850 56.3000 30 192.80 41.9000 30  84% 3570(10.59,60.81]

Ye 2024 24825 47.5500 40 20525 486800 40 10.2% 43.00[21.91,64.09]

Total (95% C) 325 322 100.0% 30.76 [21.45, 40.08]

Heterogeneity: Tau® = 105.06; Chi® = 21.27, df = 8 (P < 0.01); ¥ = 62%

Test for overall effect: Z = 6.47 (P < 0.01) 50 0

(C) The forest of 24h single urination volume
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Experimental Control Mean Difference Mean Difference

Study Mean  SD Total Mean  SD Total Weight IV, Random, 96% CI IV, Random, 95% CI
Feng2014 13583 520600 23 15365 493700 20  46% -1782[48.17, 1253)
Jiang2019 8060 323000 25 8530 305000 25 75% -470[-221, 1271]
Cheng2019 12118 625600 34 15394 628000 33  47% -3276(.6278, -274]

Ke 2021 8025271700 42 9413292400 42 89% -1388(-2595, -181]
Wei2021 11129215500 21 12486 183100 21 89% -1357(-2566, -1.48]
Li 2021 8239 86700 30 12526 115000 30 104% -4287 (4802, -37.72)
Zhu 2022 6606 138000 32 8506 155000 32 10.0% -19.00(-26.19,-1181]

Zhang2023 6652224000 47 8756 267100 47 94% 2104[3101,-1107)
Sin2023 13030 217000 20 15100 238000 20 84% -20.70(-348, 6.58]

092024 6350113600 30 7370 143200 30 10.1% -1020(1674, -366]

Hu2024 9220201000 30 12180 316000 30  86% -2060(-4300,-16.20]

Ye2024 7065325500 40 8555 306800 40 8.4% -1490[-28.76, 1.04]

Total (95% CI) 374 370 100.0% -20.06 [:26.73, -11.38]

Heterogenety: Tau® = 182.12; Chi” = 84.07, df = 11 (P < 0.01), F = 87%

Test for overal effect 2= 4 53 (P <0.01) 60 40 20 0 20 40 60

(A) The forest of residual urine volume
Experimental Control Mean Difference Mean Difference
Study Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Feng2014 38113 651800 23 30150 723500 23 15.1% 7963[39.83, 119.43] e
Geng2017 23240 256500 66 20230 144500 62 432% 30.10[2294, 37.26] =
Jiang 2019 237.80 454000 25 21550 535000 25 233% 2230[:520, 49.80]
Zu2022 34756 788600 32 30063 504200 32 183% 46931272, 81.14] ——
Total (95% CI) 142 1000% 38.86 [19.98, 57.75] -
Heterogenety: Tau® = 201.51; Chi* = 697 o =3(P=007);F=57%
Testfor overal effect 2= 4.03 (P < 0.01) 400 50 0 50 100
(B)The forest of bladder volume
Experimental Control Mean Difference Mean Difference

Study Mean SD Total Mean  SD Total Weight IV, Random, 95% C IV, Random, 96% CI
Geng2017 1283 35900 66 72619300 62 117% 557458 656] i

Lu2017 1320 45000 82 1190 38000 82 109% 130003, 257]

Jang2019 1250 35000 25 1010 36000 25 88% 240043 437)

Ke 2021 1415 38900 42 1186 36700 42 99% 229[067,391]

Wei2021 1352 11800 21 118111000 21 124% 171[102,240]

Li2021 1372 29400 30 120628700 30 103% 166019 313]

72022 231364000 32 1924 41300 32 70% 3.89[1.25,653]
Zhang2023  17.82 41100 47 1456 38900 47 9.9% 3.26[164,483]
Sin2023 1060 33000 20 83027000 20 91% 230043447

Ye2024 132532500 40 1065 36700 40 102% 260[1.08,412]
Total (85% CI) 405 4011000%  268[1.66,3.70]
Heterogeneiy: Tau® = 205, Chi* = 48.33, df =9 (P < 0.01); F = 81%
Testfor overal effect 2= 5.16 (P < 0.01) B X 20 246
(C) The forest of Qmax
Experimental Control Mean Difference i Difference
Study Mean  SD Total Mean SD Total Weight IV,Random, 95% CI |v Random, 95% CI
Geng2017 4573154600 66 6313 136400 62 10.6% -17.40[-22.44, -1236] —-
Lu2017 6810 182000 827030 219000 82 90% -220(836, 396] -
Jiang2019 7350 122000 258040 115000 25 85% 690(1347, 033] ——
Wei2021 3043 73500 214695 87900 21 108% -752[-1242, -262] ——
Li2021 6755 71300 307262 78400 30 125% -507(-886 -128] -
Zhang2023 4675 52900 47 5480 61300 47 146% -805[1036, 574] -
Sw2023 1810 30000 202110 36000 20 149% -300(-505, -095] .
Hu2024 3720 117000 30 4160 129000 30 89% -440[1063, 183 —u
Ye2024 7355 125500 40 80.25 116800 40 102% -670[-1201, -1.39] —a—
Total (95% CI) 381 357 100.0% -6.77[-9.54, -4.00] -
Heterogeneity: Tau® = 1229, Chi* = 33.28, df =8 (P < 0.01), F = 76%
Testfor overall ffect: 2= 479 (P < 0.01) 20 0 0 10 20
(D) The forest of PdetQmax
Experimental Control Mean Difference Mean Difference
Maan S0 Total Mean S Toll Weight V. Random 95% C1 IV, Random, 95% CI
48420700 66 29822700 62 186(1.11,261] -
539003000 G 31308500 07 30% 2101063409 -
45708900 30 35307200 30 540% 104[063 145] =
Swn2023 121022000 20 104023000 20 121% 170[031,309] ——
Total (95% CI) 198 194 1000%  1.41[0.88,1.83] -
Heterogeneiy. Tau® = 0,09, Ch* = 4.28,df =3 (P = 0.23) F = 30%
Testfor overalefect 2= 524 (P < 0.01) 4 2 0 2 4

(E) The forest of BC
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