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Electroacupuncture for
post-stroke urinary incontinence:
a systematic review and
meta-analysis with trial sequential
analysis

Zefei Jiang', Na Zhi', Guang Liu, Xiaoxiang Sun, Xi Chen,
Dandan Ma, Mingming Guo, Siying Wang and Hong Zhang*

Acupuncture and Tuina School, Chengdu University of Traditional Chinese Medicine, Chengdu, Sichuan,
China

Background: The evidence for the effectiveness of electroacupuncture (EA) for
post-stroke urinary incontinence (PSUI) patients remains unclear. Therefore, the
purpose of this systematic review and meta-analysis was to assess the efficacy of
EA for PSUL.

Methods and analysis: Eight English and Chinese databases were searched
from their inception until 1 August 2023 to collect randomized controlled trials
(RCTs) that investigated the effect of EA on PSUI. Two reviewers independently
selected studies that met the eligibility criteria, extracted the necessary data,
and assessed the risk of bias for included studies using Cochrane Handbook
version 5.1.0. Meta-analysis was performed using Review Manager software
(version 5.4.1). Publication bias detection was conducted using STATA (version
16.0). Sequential analysis was performed using TSA 0.9.5.10 Beta. The Grading of
Recommendations Assessment, Development, and Evaluation System (GRADE)
was used for assessing the certainty of evidence.

Results: We included 15 RCTs involving a total of 1,414 patients. The narrative
analysis revealed that compared with sham EA, genuine EA exhibited greater
efficacy in reducing occurrences of 24-h urinary incontinence while also
enhancing maximum cystometric capacity (MCC). Moreover, this effect remained
significant even during the 3-month follow-up period. Fourteen studies were
encompassed within the quantitative analysis. In contrast to active interventions,
EA did not yield an improvement in the responder rate (RR 1.53, 95% Cl 0.61 to
3.80, p = 0.36). When compared with basic treatments, the combination of EA with
them led to a reduction in 24-h urinary incontinence occurrences (MD —0.56, 95%
Cl -0.60 to —0.52, p <0.00001), an improvement in MCC (MD 43.23, 95% CI| 28.86
to 57.60, p<0.00001), and a decrease in residual urine volume (RUV; MD —19.99,
95% Cl —29.75 to —-10.23, p<0.0001). However, it did not lead to an increase in
the responder rate (RR 1.39, 95% CI 0.88 to 2.20, p = 0.16). In comparison to basic
treatments combined with active interventions, the amalgamation of EA and them
led to an increase in the responder rate (RR 1.24, 95% Cl 1.14 to 1.35, p <0.00001),
a reduction in 24-h urinary incontinence occurrences (MD —-2.90, 95% CI| —5.26
to —0.55, p=0.02), a decrease in International Consultation on Incontinence
Questionnaire-Short Form scores, and an improvement in both MCC (MD 42.11,
95% Cl 23.26 to 60.96, p<0.0001) and RUV (MD 42.11, 95% CIl 23.26 to 60.96,
p<0.0001). Furthermore, all reported adverse effects associated with EA were
mild. The trial sequential analysis suggested that a sufficient sample size was
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available to yield results. However, the level of evidence was predominantly
assessed as low or very low.

Conclusion: Electroacupuncture improved post-stroke urinary incontinence with
no serious adverse effects. Caution is warranted due to methodological issues,
and more high-quality studies are required to confirm its efficacy and safety.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42023449599, Identifier CRD42023449599.

KEYWORDS

electroacupuncture, post-stroke urinary incontinence, meta-analysis, systematic
review, trial sequential analysis

1 Introduction

Stroke is the second leading cause of disability and death worldwide
(1, 2), with an estimated 13.7 million new stroke cases in 2016 (1, 2). In
China, it has taken the lead as the primary cause of death and disability.
Statistics for 2020 indicate that approximately 17.8 million Chinese
adults encountered a stroke, leading to 2.3 million deaths (3). Stroke
survivors may suffer from various complications, such as aphasia,
hemiplegia, swallowing difficulties, urinary incontinence (UT), and fecal
incontinence. Urinary incontinence is characterized by urinary
frequency, urgency, and uncontrolled urine flow from the urethra. A
study from Germany reported that the prevalence of urinary
incontinence in male stroke survivors was 22%, while in female stroke
survivors, it was 34% (4). The pathological mechanisms of post-stroke
urinary incontinence (PSUI) are not fully understood, and the primary
cause of urinary dysfunction in stroke patients is damage to the anterior
cingulate gyrus, its descending pathways, and the basal ganglia (5). In
addition, the parietal lobe and white matter lesions are also involved in
this process (6). PSUI carries adverse effects, contributing to reduced
quality of life (7), increased risk of infections (8), skin problems,
psychological distress, sleep disturbances, and challenges for caregivers.
Furthermore, in comparison to post-stroke patients without UI, those
suffering from UI have higher rates of hospitalization and increased
disability (9). Therefore, the management of PSUI requires attention
and emphasis.

The management of PSUI involves a comprehensive approach,
including behavioral interventions, physical therapy, pharmacotherapy,
and, if necessary, surgical options. Nonetheless, most of the evidence
quality remains low (10). Bladder training and pelvic floor exercises
require sustained commitment from patients over the long term.
Anticholinergic drugs are commonly employed for the treatment of
PSUI although they carry the potential for side effects such as dry
mouth and facial flushing due to their anticholinergic properties. These
medications can impede bladder muscle contractility, potentially
resulting in urinary retention and exacerbating constipation (11)
(Management of Urinary Incontinence in Older Adults in Rehabilitation
Care Settings). Surgical intervention carries not only a significant cost
but also the potential for a range of complications (12). Therefore, the
treatment methods for PSUI need to continue to be developed.

The history of acupuncture traces back thousands of years to
ancient China, and electroacupuncture has evolved as a modern
variation of traditional acupuncture. It involves the application of low
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electrical currents through acupuncture needles, enhancing the
therapeutic effects of the treatment. Over the years, some high-quality
clinical studies have found that electroacupuncture (EA) treatment
has therapeutic effects on certain diseases, including chronic pain
(13), constipation (14), insomnia (15), and knee osteoarthritis (13, 14,
16). In 2017, a clinical research paper was published in JAMA (17),
indicating that EA treatment for stress urinary incontinence among
women resulted in a notable reduction in urinary leakage compared
to sham EA. In addition to enhanced local brain region functional
activities and functional connections (18, 19), EA also has anti-
inflammatory effects (20) and can mitigate brain damage and the
activation of glial cells caused by acute ischemic stroke (21). It also
decreases the accumulation of damaged mitochondria (22). As of now,
several systematic reviews have demonstrated the effectiveness of EA
in the treatment of female urinary incontinence (23-25). Similarly, EA
is widely used in China for PSUI and has been supported by several
clinical studies (26-29). However, there is currently no systematic
review/meta-analysis of EA for PSUI. Therefore, we conducted this
study to determine the clinical efficacy and safety of EA in treating
PSUI and performed a trial sequential analysis (TSA) to ascertain
whether the sample size was sufficient.

2 Methods and analysis

This study was conducted in accordance with the PRISMA 2020
statement: an updated guideline for reporting systematic reviews (16)
and was registered on the PROSPERO website.'

2.1 Literature research

We have performed a literature search, covering the time span
from the inception of the databases until 1 August 2023. The language
was limited to both Chinese and English. For the Chinese database,
we searched the following databases: China National Knowledge
Infrastructure (CNKI), Wanfang, Cqvip (VIP), and China Biomedical

1 https://www.crd.york.ac.uk/prospero/display_record
php?ID=CRD42023449599
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Literature Service System (CBM). As for the English database,
we searched through PubMed, Embase, CENTRAL, and Web of
Science. The keywords included “stroke,” “cerebrovascular accident,”

» <«

“cerebral infarction,

» <«

urge,

»

urinary incontinence,” “urinary incontinence,

. . . » g o e
urinary incontinence, stress,” “diurnal enuresis,” “involuntary
urination,” “leaking of urine,” “electroacupuncture,” “acupuncture,”

» <

« .
electric acupuncture,

» <

randomized controlled trials” “randomized,”

“randomly;” and “RCT,” The detailed retrieval process can be found in

Supplementary material.

1. Inclusion criteria: We included studies that met the
following criteria.

2. Types of studies: Only randomized controlled trials (RCTs) were
eligible for inclusion, while quasi-RCTs, cohort studies, cluster
RCTs, and case reports were excluded.

3. Types of participants: The patients included in this study are
adults who met the recognized diagnostic criteria for PSUI,
irrespective of stroke type, type of urinary incontinence,
gender, disease duration, or race.

4. Types of intervention group: We included EA as an intervention
for the treatment of PSUI in our systematic review. The
experimental group included EA and EA combined with basic
treatments (referring to the treatment of the primary stroke
etiology, such as blood pressure management, anticoagulation,
antiplatelet therapy, and symptomatic treatment) or EA added
to basic stroke treatment along with active treatments (referring
to bladder function training, intermittent catheterization, and
medication therapy conducted for UT). There are no restrictions
on acupoint selections, EA waveform, current intensity, or
treatment duration.

5. Types of control group: The control group consists of basic
treatments for stroke and/or active treatments for urinary
incontinence, as well as sham acupuncture and a waiting list,
among other interventions.

6. Types of outcome measures: The primary outcome measure was
the responder rate; the responder rate was defined as the
proportion of participants who demonstrate a positive response
within the total number of participants in the group. The
secondary outcome was the improvement in 24h urinary
incontinence frequency, International Consultation on
Incontinence Questionnaire-Short Form (ICIQ-SF), maximum
cystometric capacity (MCC), residual urine volume (RUV),
and incidence of adverse reactions.

2.2 Study selection and data extraction

First, two reviewers independently conducted literature searches
using the same retrieval scheme and imported the search results into
Noteexpress (version 3.2.0). Duplicate publications were removed.
Then, two reviewers individually read the titles and abstracts to
exclude obviously irrelevant studies, such as reviews, case reports, and
animal experiments and then cross-checked their exclusions. Next,
full-text articles were downloaded, and two reviewers thoroughly read
the articles based on the inclusion and exclusion criteria. In case of any
disagreements, a third reviewer was consulted to reach a consensus on
the final inclusion of articles.

Frontiers in Neurology

10.3389/fneur.2023.1282580

The final selected articles were subjected to data extraction by two
reviewers using a standardized form. The extracted data included
information on study design, authors, publication year, baseline
characteristics (such as age, gender, stroke type, type of urinary
incontinence, and duration of the condition), intervention measures,
outcomes, and other relevant details.

2.3 Risk of bias (quality) assessment

According to Cochrane Handbook version 5.1.0 (30), the risk of
bias assessment was conducted for the included studies, which
includes the following six domains: random sequence generation;
allocation concealment; blinding of participants and personnel;
completeness of outcome data; selective reporting; and other sources
of bias. Each criterion was evaluated as “low risk,” “high risk,” or
“unclear risk” of bias.

2.4 Statistical analysis

The meta-analysis was conducted using RevMan software (version
5.4, the Nordic Cochrane Centre, Copenhagen, Denmark). For
dichotomous data (e.g., responder rate), the effect size was expressed
as relative risk (RR) with 95% confidence intervals (95% CI). For
continuous data (e.g., MCC), the effect size was expressed as mean
difference (MD) with 95% CI. A p-value of <0.05 is considered
statistically significant. The chi-square test and I* statistics were
employed to assess the statistical heterogeneity among the included
studies. When the studies showed a low homogeneity (p>0.1,
I? <50%), a fixed-effects model was used. However, in cases where
significant heterogeneity was present among the studies (p<0.1,
I*>50%), subgroup analysis or sensitivity analysis was conducted
based on the characteristics of the data to explore the sources of
heterogeneity. If the source of heterogeneity remained unclear, a
random-effects model was used for the analysis. In the event that it is
not possible to pool the outcome data for meta-analysis, a narrative
analysis was presented instead. The analysis for publication bias was
performed using STATA software (version 16.0, Stata Corp LP,
United States).

2.5 Trial sequential analysis

Traditional meta-analyses lack attention to statistical power, and
when the number of included trials or sample size is small,
approximately 25% of traditional meta-analyses may produce
erroneous false-positive conclusions due to the influence of random
error (31). TSA overcomes the limitations of traditional meta-analysis
and enables the estimation of the required sample size for a meta-
analysis and provides a stopping criterion for clinical trials (32). For
the TSA, the determination of significance boundaries was performed
utilizing the O’Brien-Fleming alpha-spending method. We used a
statistical significance level of 5%, a power of 80%, and a reduction in
the risk ratio of 25% was considered clinically significant. The required
information size (RIS) can be obtained by TSA, which refers to the
number of cases required to achieve statistical significance in a meta-
analysis. TSA sets a clinical trial-stopping criterion by estimating RIS,

frontiersin.org


https://doi.org/10.3389/fneur.2023.1282580
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Jiang et al.

reached when the cumulative meta-analysis cases hit the predefined
RIS value, allowing trial termination. TSA 0.9.5.10 Beta (Copenhagen
Trial Unit,
sequential analysis.

Denmark, www.ctu.dk/tsa) was used for trail

2.6 Quality of evidence

The GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) evaluation tool (33) was used by two
reviewers to rank the quality of evidence for the outcomes in terms of
the following five dimensions: risk of bias, inconsistency, indirectness,
imprecision, and publication bias. The quality of evidence is ranked as
either high, moderate, low, or very low. A third reviewer resolved
disagreements for consensus.

3 Results
3.1 Search results

A total of 1,628 studies were identified in the search across eight
databases. Among them, 860 duplicates were identified and
subsequently removed, leaving 768 studies for further screening. After
carefully reviewing the titles and abstracts, 687 studies were excluded
based on predetermined criteria, resulting in 81 studies that met the
preliminary selection criteria. Subsequently, the full texts of these 81
studies were obtained and thoroughly read. In total, 64 studies were
excluded for various reasons, as depicted in Figure 1. Ultimately, 15
studies (26, 34-47) were considered suitable for inclusion in the
qualitative synthesis, while 14 studies (34-47) were selected for the
quantitative synthesis, as presented in Figure 1.

3.2 Studies characteristics

The characteristics of the included studies are presented in Table 1.
A total of 15 studies involving 1,414 patients were identified (773 in
the experimental group and 641 in the control group). All the studies
were conducted in China, with 14 of them published in Chinese (34-
47) and one in English (26). Two studies (35, 40) were multicenter
randomized controlled trials. All the studies included in this analysis
were two-arm studies. The average age of the patients ranged from 37
to 68. In terms of stroke types, with the exception of two studies (one
encompassing patients with intracerebral hemorrhage) (34) and one
with ischemic stroke (39), all other studies included patients with both
stroke and ischemic stroke. In terms of UI types, three studies involved
patients with urgency UI (35, 36, 44), while the remaining studies did
not report the type of UL The treatment duration ranged from 4 weeks
to 12 weeks. Six studies (35, 39-41, 45, 46) reported adverse reactions.

3.3 Risk of bias

In the generation of random sequences, nine studies (34-41, 46)
mentioned the term “random” but did not specify the randomization
method, classified as “unclear risk” The remaining studies were all
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considered low risk (three studies utilized drawing lots (42, 45, 47),
two studies (40, 43) used a random number table, and one study (44)
employed computer software for randomization). Regarding
allocation concealment, two studies used sealed envelopes (one study
with opaque sealed envelopes was considered low risk (44), while the
other study (42) did not provide specific details, categorized as
“unclear risk”). Another study (26) successfully implemented
allocation concealment through a concealment questionnaire, and the
remaining studies did not mention allocation concealment. As for
blinding of participants and personnel, one study was double-blinded
(26), one study (44) involved blinded assessors and data analysts, and
the remaining studies did not mention blinding. All studies had
dropout rates below 20%, and no selective reporting of study results
was found. Among the other sources of bias, two studies (35, 41) were
categorized as low risk and involved multicenter randomized
controlled clinical trials. The detailed results are shown in
Figures 2A,B.

3.4 Acupuncture protocols included trials

As depicted in Table 2, all included studies provided details
about their choice of acupoints. Among them, the three most
frequently utilized acupoints were Ciliao (n=7), Zhongji (n=7),
Huiyang (n=6), Guanyuan (n=6), Zhongliao (n=5), Baihui
(n=5), and Sanyinjiao (n=5). Except for four studies that did not
offer this information, the remaining studies employed acupoints
on both sides of the body. Regarding needle stimulation, all studies,
except for five studies (34, 39, 42, 46, 47), reported actively seeking
the Deqi response. A variety of waveforms were used in the EA
parameters, with the continuous waveform being the most
frequently employed. Among the four studies (26, 35, 44, 46), the
treatment duration was 20 min, while eight studies (34, 36-38, 42,
43, 45, 47) a 30-min duration was utilized; however, the exact
treatment duration was not reported in the remaining studies. The
majority of the studies

implemented a once-daily

treatment frequency.

3.5 Responder rate

Eleven studies (n=1,051, I*=82%) (34, 37-42, 44-47) reported
the responder rate as an outcome. A random-effects model was
employed. The pooled results indicated a significantly higher
responder rate in the experimental group compared to the control
group (RR 1.32,95% CI 1.15 to 1.52, p=0.0001, I*=82%). Converting
to a fixed-effects model for analysis and systematically omitting one
of the trials did not reverse the results, indicating robustness in the
findings. As illustrated in Figure 3A, the TSA analysis demonstrated
that the cumulative Z-curve intersected the traditional threshold
(indicated by a dashed line) and surpassed the TSA threshold. This
suggests that a positive conclusion had been reached before crossing
the required information size (RIS) boundary (RIS=1,893). These
findings indicate that acupuncture contributes to an increased
treatment response rate in patients with PSUI. Considering the
different intervention measures, we performed a subgroup analysis
as follows.
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FIGURE 1
PRISMA flow diagram of the study selection process.

3.5.1 EA vs. active treatments

Two studies (n=347, I’=97%) (40, 46) were pooled to compare
EA and active treatments after treatment. Given the substantial
heterogeneity, a random-effects model was employed. The results
indicated that there was no significant difference in improving the
responder rate after treatment (RR 1.53, 95% CI 0.61 to 3.80, p=0.36,
Figure 3B).

3.5.2 EA plus basic treatments vs. basic
treatments

Three studies (n =241) (38, 42, 45) were pooled to compare the
efficacy of EA in addition to basic treatments vs. basic treatments alone.
Due to the observed substantial heterogeneity (I*=91%), we employed a
random-effects model for the analysis. The results indicated no significant
difference in improving the responder rate after treatment between the
two groups (RR 1.39, 95% CI 0.88 to 2.20, p=0.16; Figure 3C).
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3.5.3 EA plus basic treatments and active
treatments vs. basic treatments plus active
treatments

A total of five studies (n=427) (34, 37, 39, 41, 47) compared
the combined effects of EA with basic treatments and active
treatments vs. the combined effects of basic treatments and active
treatments. Given the low heterogeneity observed (I’=0%), a
fixed-effects model was used for the analysis The results of the
meta-analysis showed a greater improvement in the experimental
group compared to the control group (RR 1.24, 95% CI 1.14 to
1.35, p<0.00001; Figure 3D).

3.5.4 EA plus basic treatments vs. basic
treatments plus active treatments

One study (44) compared the efficacy of EA plus basic treatments
with basic treatments plus active treatments. The results indicated no
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TABLE 1 Characteristics of included studies.

References  Types of Type of urinary =~ Sample Course of disease (d) Interventions Duration = Outcome  Safety
stroke incontinence (T/C) T C T C
Liu and Du (46) Mixed NR 102/51 67 68 44321 +912.144 43349 + EA AT 40 days o] R
819.534

Song et al. (40) Mixed NR 136/68 55+7 54+7 31.2+223 29.2+£24.2 EA AT 4 weeks 0] R

Liu et al. (26) Mixed NR 35/36 39+12 37+11 - - EA Sham EA 24 days [©6] NR

Wang et al. (35) Mixed Urge urinary 80/80 63.96 + 8.85 63.57 £7.03 2.75+0.24 (m) 2.70 £ 0.37 (m) EA + BT BT 2 weeks ® R
incontinence

Wang et al. (38) Mixed NR 35/35 - - - - EA + BT BT 20 days (006 NR

Chu et al. (42) Mixed NR 56/55 66.36 £9.32 64.58 £ 8.63 35.14 + 25.56 35.49 £23.82 EA + BT BT 4 weeks 0] NR

Zhou et al. (43) Mixed NR 46/36 59.3+15.2 60.1 £ 14.7 - - EA + BT BT 35 days [©©] NR

He (45) Mixed NR 30/30 - - - - EA + BT BT 1 month 0] NR

Liu et al. (36) Mixed Urge urinary 20/20 54.90 + 8.44 57.10 £ 12.17 11.85+5.06 (w) | 11.10 £5.19 (w) EA + BT BT 4 weeks @] NR
incontinence

‘Wu and Yang (37) Mixed NR 42/42 64.12£9.24 62.84 £9.05 20.62 £3.25 2148 £2.82 EA+BT+AT BT + AT 4 weeks NR

Nie et al. (34) Hemorrhagic NR 21/21 52.95 + 8.30 55.24 + 11.44 510+ 1.14 514+ 1.15 EA + BT + AT BT + AT 12 weeks NR

Liu (47) Mixed NR 30/30 67.52 £ 6.14 67.10 £7.34 3.7+0.6 3.8+0.1 EA + BT + AT BT + AT 2 weeks [@6] NR

Zhao and Hao (39) = Ischemic NR 72/72 61.21 £5.44 60.45 £ 5.06 10.21 £ 1.23 11.02 £ 1.31 EA + BT + AT BT + AT 3 months [00] R

Zhang et al. (41) Mixed NR 50/47 - - - - EA+BT+AT BT + AT 2 weeks [0606) NR

Chen (44) Mixed Urge urinary 18/18 66.27 67.81 124.4 174.69 EA + BT BT + AT 4 weeks ® R
incontinence

T, test group; C, control group; EA, electroacupuncture; BT, basic treatments; AT, active treatments; Mixed, ischemic and hemorrhagic; R, Report; NR, Not report; d, day; w, week; m, month; @, Responder rate; @, Maximum Cystometric Capacity; ®, Residual urine
volume; @, ICIQ-SF; ®, 24-h urinary incontinence frequency.
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FIGURE 2
Risk of bias of RCTs: risk of bias graph (A) and risk of bias summary (B).

statistically significant difference (p=0.06) between the two groups in
terms of responder rate.

3.6 24-h urinary incontinence frequency

3.6.1 EA vs. sham EA

One study (26) compared EA and sham EA, and the results
showed that EA led to a lower incidence of 24-h urinary incontinence
frequency compared to sham EA both at the end of treatment and
during the 3-month follow-up period (p <0.005).

3.6.2 EA plus basic treatments vs. basic
treatments

One study (35) compared EA plus basic treatment and basic
treatment. The results showed EA plus basic treatment could decrease
the 24-h urinary incontinence frequency (MD —0.56, 95% CI -0.60 to
—0.52, p<0.00001).

3.6.3 EA plus basic treatments plus active
treatments vs. basic treatments plus active
treatments

Two studies (n=126) (34, 37) compared the combined effects of
EA with basic treatments and active treatments vs. the combined
effects of basic treatments and active treatments. Given the high
heterogeneity observed (I>=95%), a random-effects model was used
for the analysis. The results indicated that the experimental group
performed better than the control group (MD —2.90, 95% CI —5.26 to
—0.55, p=0.02, Figure 4).
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One study (34) compared EA plus basic treatment with active
treatments alone, and basic treatments combined with active treatments,
and the result showed that EA leads to more reduction (p=0.0004).

3.8 MCC

A total of eight studies (26, 36-39, 41, 43, 47) included MCC as an
outcome measure. Unfortunately, data from one study (26) could not
be extracted, leaving seven studies eligible for inclusion in the meta-
analysis. The findings indicated that the experimental group exhibited
superior improvements in MCC compared to the control group (MD
3871, 95% CI 32.93 to 44.49, p<0.00001); however, significant
heterogeneity was observed (I* =70%). Upon exclusion of the study by
Wu etal. (37), heterogeneity decreased (MD 33.70, 95% CI 27.42 to 39.98,
p<0.00001, I* =0%). As depicted in Figure 5A, the TSA analysis
demonstrated that although the cumulative Z-curve did not cross the RIS
boundary, it surpassed the TSA threshold. This indicates that the
experimental group exhibited superior improvement in MCC compared
to the control group, and a further increase in sample size is unnecessary.

Considering the distinct intervention measures, we performed a
subgroup analysis as follows.

3.8.1 EA vs. sham EA

Liu et al. (26) suggested that EA treatment was superior to sham
EA in increasing the MCC and still superior to sham EA at the
3-month follow-up.
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TABLE 2 Electroacupuncture intervention protocols of included randomized controlled trials.

10.3389/fneur.2023.1282580

References Acupoints Unilateral Deqi Electroacupuncture Minutes @Dose or Duration
or bilateral parameters of each  frequency
time
Chen (44) Ciliao (BL32), Zhongliao Bilateral Deqi Sparse-dense wave 20 min Once a day, 5 times | 4 weeks
(BL33), Huiyang (BL35) Frequency: 20 Hz a week.
Chu et al. (42) Sishencong (EX-HN1), NR NR Sparse wave 30 min Once a day, 6 times | 4 weeks
Shenshu (UB 23), and Huiyang a week.
(BL35)
He (45) Lieque (LU 7), Sanyinjiao Bilateral Deqi Sparse-dense wave 30 min Once a day 1month
(SP6), Taixi (KI 3),
Taichongpoint (LR 3), Zhongji
(RN3), and Guanyuan (RN4)
Liu (47) Shangliao (BL31), Ciliao Bilateral NR Continuous wave 30 min Once a day, 6 times | 2 weeks
(BL32), Zhongliao (BL33), Frequency: 30~40 Hz a week.
Xialiao (BL34), and Huiyang
(BL35)
Liu and Du (46) Ciliao (BL32), Zhongliao Bilateral NR Continuous wave 20 min Once a day, 5 times | 40 days
(BL33), and Huiyang (BL35) Frequency: 20 Hz a week.
Liu et al. (26) Shangliao (BL31), Ciliao Bilateral Deqi Continuous wave 20 min Electroacupuncture | 24 days
(BL32), Zhongliao (BL33), Frequency: 30-40Hz was performed
Xialiao (BL34) and Huiyang daily for 10
(BL35) consecutive days.
Liu et al. (36) Zhongji (RN3), Guanyuan NR Deqi Continuous wave 30 min Once a day, 5 times | 4 weeks
(RN4) Frequency: 15 Hz aweek.
Nie et al. (34) Ciliao (BL32) Bilateral NR Dense wave 30 min Once a day 12 weeks
Song et al. (40) Qugu (RN2), Zhongji (RN3), Bilateral Deqi Sparse-dense wave NR 5 times a week 4 weeks
Shuidao (ST28), Qihai (RN6), Frequency: 1~10Hz
Baihui (GV20), Ezhongxian
Electrical current: 2~5mA
(MS1), Sishencong (EX-HN1),
Zusanli (ST36), and Sanyinjiao
(SP6)
Wang et al. (38) Baihui (GV20), Sishencong NR Deqi Sishencon: Sparse wave 30 min Once a day 20 days
(EX-HN1), Shenshu (UB 23), Frequency: 2Hz
and Huiyang (BL35) R
Electrical current: 2 mA
Shenshu, Huiyang (BL35):
Dense wave
Frequency: 100 Hz
Electrical current: 2mA
Wang et al. (35) Guanyuan (RN4), Zhongji Bilateral Deqi Sparse-dense wave 20 min Once a day, 5 times | 2 weeks
(RN3), and Dahe (K112) Frequency: 4/20 Hz a week.
Wu and Yang Shangliao (BL31), Ciliao Bilateral Deqi Continuous wave 30 min Once a day 4 weeks
(37) (BL32), Zhongliao (BL33), and Frequency: 10 Hz
Xialiao (BL34)
Zhang et al. (41) Baihui (GV20), Zhongji NR Deqi NR NR Once a day, 6 times | 2 weeks
(RN3), Guanyuan (RN4), a week.
Qihai (RN6), Diji (SP 8),
Sanyinjiao (SP6), Shenshu (UB
23), and Pangguangshu (BL
28)
(Continued)
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TABLE 2 (Continued)

10.3389/fneur.2023.1282580

References = Acupoints Unilateral Deqi Electroacupuncture Minutes Dose or Duration
or bilateral parameters of each frequency
time

Zhao and Hao Baihui (GV20), Guanyuan Bilateral NR Electrical current: 0-50 mA NR 3 times a week 3 months
9 (RN4), Zhongji (RN3), Frequency: 15-85 Hz

Sanyinjiao (SP6), Zusanli

Pulse width: 200-500 ps

(ST36), and Taixi (KI 3)

Zhou et al. (43) Group 1: Baihui (GV20), NR Deqi Continuous wave 30 min Once a day, 10 35 days

Sishencong (EX-HN1),
Guanyuan (RN4), Zhongji
(RN3), and Shuidao (ST28)

consecutive
sessions make up

one course of

Group 2: Shenshu (UB 23),
Pangguangshu (BL 28), Ciliao
(BL 32), Yinlingquan (SP 9),
Sanyinjiao (SP6), and Taixi (KI
3)

Frequency: 2~15 Hz

treatment, with a
3-day interval

between courses.

NR, Not report. Deqj: a sensation of numbness and distension at the needling site. Unilateral or bilateral: if acupoints are distributed bilaterally. The abbreviations in the acupoints indicate the

unique codes of each acupoint.

3.8.2 EA plus basic treatments vs. basic
treatments

Three studies (n=197) (36, 38, 43) were conducted to compare
the effects of EA in addition to basic treatments vs. basic treatments
alone. With low heterogeneity among these studies (I* =0%), a
random-effects model was employed for the analysis. The results
demonstrated that the inclusion of EA plus basic treatments
significantly improved the MCC (MD 43.23, 95% CI 28.86 to 57.60,
p<0.00001, Figure 5B) when compared to basic treatments alone.

3.8.3 EA plus basic treatments plus active
treatments vs. basic treatments plus active
treatments

A total of four studies (n=385) (37, 39, 41, 47) compared the
combined effects of EA with basic treatments and active treatments to
the combined effects of basic treatments and active treatments. Given
the observed high heterogeneity (I =84%), a random-effects model
was utilized for the analysis. The results indicated that the experimental
group exhibited superior improvements in MCC (MD 42.11, 95% CI
23.26 to 60.96, p<0.0001, refer to Figure 5C). Sensitivity analysis
revealed that upon exclusion of the study by Wu et al. (37),
heterogeneity decreased substantially (I* =0%), while a statistically
significant difference between the two groups persisted (MD 31.45,
95% CI 24.47 to 38.44, p <0.00001, Figure 5D).

3.9 RUV

In total, six studies (34, 37-39, 41, 43) reported the RUV
outcome. Due to the observed significant heterogeneity, a random-
effects model was utilized for the analysis. The meta-analysis
demonstrated that the experimental group exhibited superiority
over the control group in reducing RUV (MD —19.66, 95% CI
—30.24 to —9.07, p=0.0003).

Considering the distinct intervention measures, we conducted a
subgroup analysis as outlined below.

Frontiers in Neurology

3.9.1 EA plus basic treatments vs. basic
treatments

Two studies (n=162) (38, 43) were pooled to compare EA plus
basic treatments to basic treatments, and a random-effects model was
used for the heterogeneity (I* =61%). The results showed that EA,
when used in conjunction with basic treatments, was more effective
in reducing RUV compared to basic treatments alone (MD —19.99,
95% CI —29.75 to —10.23, p<0.0001, Figure 6A).

3.9.2 EA plus basic treatments plus active
treatments vs. basic treatments plus active
treatments

Four studies (n=367, > =98%) (34, 37, 39, 41) were included in
the analysis, and a random-effects model was used. The results
demonstrated that EA significantly improved RUV compared to the
control group (MD —19.05, 95% CI -33.30 to —4.80, p=0.009,
Figure 6B).

3.10 Adverse reactions

A total of five (35, 39, 40, 44, 46) studies reported adverse
reaction indicators, among which one study (46) did not report any
adverse reactions related to EA. The remaining studies reported
minor symptoms such as subcutaneous ecchymosis and mild pain
during needle insertion, which could self-resolve within a few
hours to 1 week.

3.11 Quality of evidence

We utilized the GRADE framework to evaluate the quality of
outcome evidence. Our evaluation results (Table 3) revealed the
presence of two outcomes supported by moderate-quality evidence,
seven outcomes supported by low-quality evidence, and two
outcomes supported by very low-quality evidence. Notably, none
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FIGURE 3
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treatments vs. basic treatments (C); and EA plus basic treatments and active treatments vs. basic treatments plus active treatments (D).

3.12 Reporting bias

of the outcomes were substantiated by evidence of high quality. The
primary factors contributing to the downgrade in evidence quality
are related to experimental design, heterogeneity, and limited Due to limitations in reporting the outcomes included in the study,

sample sizes. funnel plots and Egger’s tests were only conducted for response rate. The
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results indicate (Figures 7A,B) that there is publication bias in studies with
responder rate as the outcome, as evidenced by Egger’s test with a p-value
of <0.05.

4 Discussion
4.1 Summary of main results

We included 15 RCTs with 1,414 subjects and explored the effects
and safety of EA as monotherapy or adjunctive therapy. In comparison
to sham EA, EA proved to be more effective in reducing occurrences of
urinary incontinence and improving MCC. In contrast, when compared
with active treatments, EA did not exhibit an improvement in the
responder rate. However, when combined with basic treatments, EA
demonstrated a capacity to decrease urinary incontinence occurrences
and improve MCC and RUV; albeit without a concurrent increase in the
responder rate. Furthermore, in comparison to basic treatments
combined with active treatments, the integration of EA with them
exhibited an elevated responder rate, reduced urinary incontinence
occurrences, lowered ICIQ-SF scores, and improved MCC and
RUV. Only a few EA-related adverse events were reported. In summary;,
EA therapy offers certain advantages, especially when used in
combination with other treatments, due to its non-pharmacological
nature, potential for individualized treatment, and minimal adverse
effects, all of which contribute to enhanced treatment efficacy. TSA
analysis indicated a sufficient sample size for producing reliable results.

4.2 Compared with previous reviews

Currently, there is no existing systematic review or meta-analysis
focusing on the utilization of EA for PSUI Nonetheless, a meta-analysis
regarding PSUI has indicated that acupuncture and EA, serving as
supplementary and alternative therapies, could potentially enhance the
number of participants who maintain continence post-treatment (10,

10.3389/fneur.2023.1282580

48). This finding presents some variance in comparison to our study. In
our investigation, EA displayed significant differences in improving the
responder rate only when synergistically combined with basic
treatments and active therapy. The discrepancies in results could
be attributed to the limited number of studies, small sample sizes
present in both of the aforementioned analyses (10, 48), and variations
in inclusion criteria. Thomas et al. (10) reported limited or insignificant
effects of acupuncture on reducing nocturnal enuresis. However, our
study was constrained by the available research and thus unable to
explore this aspect. Similarly, considering acupoint stimulation therapy
for PSUI, Li et al. (49) suggested in their analysis that moxibustion
considerably alleviates urinary incontinence symptoms and reduces the
severity of such occurrences. However, prior systematic reviews have
not comprehensively evaluated the impact of EA on bladder function in
patients with PSUI, particularly using objective indicators such as MCC
and RUV employed in our study.

4.3 The effect of acupuncture on PSUI

Our results indicated that in terms of responder rate, there were
no significant differences between EA and active treatments, and the
active interventions included in this study consisted of techniques
such as catheterization, bladder function training, and medication
therapy, which are widely utilized in clinical practice. Similar no
significant differences occurred when comparing EA combined with
basic treatments to basic treatments alone. Notably, substantial
heterogeneity was observed within these comparisons. However, the
addition of EA to both basic treatments and active treatments led to
an improvement in responder rate, with low heterogeneity.

Concerning the 24-h urinary incontinence frequency, EA
demonstrated a decrease in urinary incontinence occurrences
compared to sham EA (as determined through narrative analysis).
This positive effect was also observed to persist to the 3-month
follow-up period. In addition, EA, as a supplementary treatment
to both basic treatments and the combination of basic treatments
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TABLE 3 Quality of evidence included randomized controlled trials (RCTs) by Grading of Recommendations Assessment, Development, and Evaluation (GRADE).

‘1e 12 buelp

ABoj0INaN Ul s191uU0I4

T

610" uISIa1U0L

Outcomes Included Relative Quality assessment Quality of
RCTs effect (95% . . . . . . evidence
(patients) cl) Risk of Inconsistency Indirectness Imprecision @ Publication Large Dose All plausible
bias bias effect response confounding
Responder rate
EAvs. AT 2(347) RR 1.53 (0.61, Serious® Serious® Not serious Not serious Undetected Undetected Undetected Undetected [2Y:>Te)e)
3.80) Low
EA plus BT vs. BT 3(241) RR 1.39 (0.88, Serious® Serious® Not serious Not serious Undetected Undetected Undetected Undetected [S1ele)
220 Low
EA plus BT plus 5(427) RR 1.24 (1.14, Serious® Not serious Not serious Not serious Undetected Undetected Undetected Undetected DPDO
AT vs. BT plus AT 1.35) Moderate
EA plus BT vs. BT 1(36) RR 15 (0.92, Not Undetected Not serious Very serious® Undetected Undetected Undetected Undetected ®O00
plus AT 244.51) serious Low
24-hour urinary incontinence frequency
EA plus BT vs. BT 1(155) MD -0.56 Serious® Undetected Not serious Serious® Undetected Undetected Undetected Undetected B®DPOO
(~0.60, —0.52) Low
EA plus BT plus 2(126) MD -2.90 Serious® Serious® Not serious Serious® Undetected Undetected Undetected Undetected ®O00
AT vs. BT plus AT (—5.26, —0.55) Very low
ICIQ-SF 1(42) MD -1.76 Serious® Undetected Not serious Serious® Undetected Undetected Undetected Undetected ®DOO
(=2.74,-0.78) Low
MCC
EA plus BT vs. BT 3(197) MD 43.23 (28.86, = Serious® Not serious Not serious Not serious Undetected Undetected Undetected Undetected BPDO
57.60) Moderate
EA plus BT plus 4(385) MD 42.11 (23.26, | Serious® Serious® Not serious Not serious Undetected Undetected Undetected Undetected dDOO
AT vs. BT plus AT 60.96) Low
RUV
EA plus BT vs. BT 2(162) MD —19.99 Serious® Serious® Not serious Serious® Undetected Undetected Undetected Undetected ®O000
(~29.75,-10.23) Very low
EA plus BT plus 4(367) MD —19.05 Serious® Serious® Not serious Not serious Undetected Undetected Undetected Undetected SPO0O
AT vs. BT plus AT (—33.30, —4.80) Low

EA, electroacupuncture; BT, basic treatment; AT, active treatment; MCC, maximum cystometric capacity; RUV, residual urine volume; Moderate, Moderate quality; Very low, very low quality; Low, low quality; MD, weighted mean difference; RR, risk ratio; CI,
confidence interval; ® Most information is from the moderate risk studies, and there are major limitations; @ Significant heterogeneity (I* >50%); ® The confidence interval was wide or the sample size was small.
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Funnel plots (A) and Egger’s test (B) of included studies on responder rate.

with active interventions, has the potential to reduce the frequency
of urinary incontinence incidents. Simultaneously, an analysis (50)
revealed that EA was not able to improve the frequency of
incontinence episodes in mixed urinary incontinence patients
during the 72-h period. The ICIQ-SF is used for the assessment of
urinary incontinence symptoms and demonstrates a strong
correlation with the 24-h pad test (51). In terms of the ICIQ-SE, the
addition of EA to both basic treatments and active treatments led
to a decrease in ICIQ-SF scores, indicating a potential improvement
in urinary function and symptom severity. Uroflowmetry is
considered the “gold standard” for assessing lower urinary tract
function as it provides a prompt, comprehensive, and objective
evaluation of bladder storage and voiding capabilities (52).
Regarding the MCC, descriptive analysis showed that EA was
superior to sham EA and could persist for up to 3 months after
treatment (26). Meta-analysis indicated that the combination of EA
with basic treatments or basic treatments along with active
treatments led to an improvement in MCC scores. Similarly, there
was also an improvement in RUV outcomes. Remarkably, none of
the included studies reported any instances of severe adverse
reactions. EA-related adverse events were mild reactions such as
pain and subcutaneous bleeding.

The analysis conducted by TSA, which relied on response rate and
MCC outcomes, indicated that the sample size was sufficient to draw
conclusions, implying that further clinical studies might not be needed.
However, it is advisable to interpret these findings with caution as the level
of certainty in the results ranged from moderate to low or very low. Hence,
it is reccommended to approach these results carefully and emphasize the
need for additional high-quality clinical research.

Furthermore, it is worth noting that due to the uniqueness of
acupuncture treatment, which emphasizes personalized approaches,
and the variations in incorporating acupuncture treatment plans in
many aspects, we did not conduct subgroup ANaLyses for EA
treatment regimens. However, in general, as previously mentioned,
the acupoints used most frequently are primarily located in the lower
abdomen and lumbosacral region. According to traditional Chinese
medicine theory of “needling at the site of the disease,” electrical
stimulation through acupuncture can contribute to the recovery of
this area. Different stimulation parameters can have varying effects
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on acupoint stimulation, but which stimulation parameter is optimal
requires further confirmation through clinical research.

4.4 Mechanism of electroacupuncture

The regulation of urination involves both bladder filling and
emptying (53), and any damage to the central and peripheral nervous
systems governing its function can lead to urinary abnormalities.
Following a stroke, central regulatory mechanisms related to
urination are impaired, leading to urinary incontinence due to factors
such as detrusor muscle overactivity (54), impaired urinary awareness
(55), and cognitive function decline (56). While EA has shown
promising therapeutic effects in the treatment of post-stroke urinary
incontinence, its underlying mechanisms remain incompletely
understood.  The that
electroacupuncture may alleviate ischemic brain injury by inhibiting

current research study suggests
glycolysis and increasing the levels of certain neuroprotective
metabolites (57). It has been observed to suppress the production of
intravascular inflammatory factors, reduce the infarct area, and
promote angiogenesis and glial cell proliferation for repair within the
infarcted region (58, 59). Furthermore, it can activate functional
reorganization in the peri-infarct area (60) and enhance bladder
contraction function (61). Electroacupuncture downregulates the
expression of the proto-oncogene c-fos within the pontine
micturition center, thereby modulating the coordinated function
between the detrusor and the urethral sphincter (62). Moreover, it

can also be effective by enhancing post-stroke cognitive function (63).

4.5 Implications for future research and
practice

As PSUI is a secondary condition of stroke, the treatment of the
primary disease (stroke) is of importance. Whether in the
experimental or control group, fundamental internal medical
treatment should be considered as the primary choice, and its detailed
implementation should be comprehensively documented within the
research study.
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Among the studies included in this research, only one study
conducted a comparative assessment of the clinical efficacy between EA
and sham EA for PSUL Sham EA can be employed in future clinical
studies, such as utilizing non-acupoint superficial needling in the
application of EA. Some of the studies included in this review did not
adhere to the CONSORT statement (64) and the Standards for Reporting
Interventions in Clinical Trials of Acupuncture (STRICTA) (65, 66). It is
recommended that for future clinical trials, there should be a more
detailed categorization of recruited patients based on the type, severity,
and duration of urinary incontinence. Rigorous adherence to the
CONSORT statement and STRICTA guidelines for study design and
reporting is essential. Accurate methods for calculating sample sizes,
description of random sequence generation, allocation concealment,
blinding procedures, and comprehensive reporting of adverse events
throughout the study should be implemented. In the review, a considerable
number of the included studies employed the responder rate as the
primary outcome. It is recommended that urinary pad test assessment
be used as an objective metric to provide a more reliable assessment of
efficacy in the treatment of urinary incontinence. Additionally, follow-up
is also a crucial component in future research endeavors.

4.6 Limitations

Our systematic review and meta-analysis included the latest RCTs
and assessed the effect of EA on PSUI. However, this study does have
certain limitations. While assessing publication bias for the primary
outcome using Egger’s test, the results indicated the presence of
publication bias in the included studies (p<0.05). This bias may
be attributed to the potential omission of unpublished literature
during the inclusion process as well as the fact that all included studies
in this review originated from China. The majority of the studies
included in this review exhibited low quality, particularly with
significant risks observed in the implementation of allocation
concealment and blinding procedures; due to the unique nature of
acupuncture therapy, research implementation is challenging. The
majority of included studies originate from China, where acupuncture
has its roots and is widely practiced. Blinding of participants and
personnel is often limited, and there is a high risk of bias. Due to the
constraints of the included studies, subgroup analysis based on
urinary incontinence types could not be performed. Furthermore, the
evidence from this study’s findings is predominantly of low quality.

5 Conclusion

EA as an adjunctive treatment can be effective for patients with
PSUL Furthermore, to enhance the strength and reliability of future
research, it is advisable to conduct multicenter, large-sample clinical
studies with minimal bias risks that can offer robust and
dependable evidence.
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