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Abstract

Introductin and hypothesis Mixed urinary incontinence (MUI) comprises a combination of urgency and stress. The efficacy
and safety of electroacupuncture (EA) for the treatment of MUI remain unclear.

Objective To assess the efficacy and safety of EA in treating MUI.

Methods We searched PubMed, CENTRAL, Embase, Web of Science, four Chinese databases, clinical research registration
platforms, grey literature, and the reference lists of the selected studies. Risk of bias and quality were evaluated using the
Revman 5.4 and Jadad scores. Meta-analysis was performed using Stata 15.1 software. Trial sequential analysis (TSA) was
used to assess the stability of the results.

Results Eight randomized controlled trials comprising 847 patients were included. The meta-analysis results showed that
compared with antimuscarinic drugs plus pelvic floor muscle training, EA resulted in significantly less pad weight on the
1-h pad test and statistically significantly lower severity scores on the International Consultation on Incontinence Question-
naire Short Form. The change in the 72-h incontinence episode frequency difference was not statistically significant, and
there was no outcome of overall response rate and quality of life in this meta-analysis. Few adverse events occurred in the
EA group. The TSA results suggested that the result of change from baseline in the 1-h pad test was stable and the evidence
was conclusive.

Conclusions EA could be a potential treatment option for MUI and is relatively safe. Nevertheless, because of the limitations
of this study, our conclusions should be interpreted with caution, and further studies are needed to confirm the comprehensive
clinical efficacy and placebo effect of EA.
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Introduction

Mixed urinary incontinence (MUI), a combination of stress
and urge incontinence, is characterized by complaints of

54 Hongna Yin involuntary loss of urine associated with urgency, exer-
13101581588 @163.com tion, effort, sneezing, or coughing [1, 2]. The prevalence
54 Zhongren Sun of urinary incontinence in women is estimated at 25% to
893682646 @qq.com 45% while that of MUI at 20% to 36% [3, 4]. Moreover, at

least half of women with MUI do not report the problem to
their doctors [5]. Women with MUI generally have more
severe symptoms and respond poorly to treatment com-
pared to those with pure stress urinary incontinence (SUI)
or urgency urinary incontinence (UUI) [6]; in addition,
the severity of incontinence increases with the duration of
MUI [7]. Although MUI is not directly life-threatening, it
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seriously impacts patient daily behaviour, social interactions,
and mental health [8, 9].

Currently, the management of MUI remains a challenge.
The initial treatment of MUI is usually conservative; if basic
conservative treatment does not help with symptoms, the
last resort is surgery [10]. Common conservative treatments
include behavioural therapy, pelvic floor muscle training
(PFMT), pharmaceutical therapies, and, less commonly,
neuromodulation and continence pessary. Behaviour therapy
includes dietary changes, such as elimination of caffeine or
other bladder irritants, and fluid management. PFMT is rec-
ommended as the first-line treatment to reduce urine leak-
age with stress-predominant symptoms [11]. Pharmaceuti-
cal therapy includes antimuscarinic drugs (e.g. solifenacin
[12], tolterodine [13], and oxybutynin [14]) and 5 agonists,
which both reduce urgency-predominant symptoms in MUI
[15, 16] and vaginal oestrogen for post-menopausal women
with MUI [17]. Surgical treatment is common, with 20%
of women in the US undergoing surgery for either stress or
mixed incontinence by the age of 80 years [18], and approxi-
mately 15% of women will not improve sufficiently after
surgery [10]. However, these treatments have the following
limitations: (1) the evidence of the efficacy of behaviour
modification therapy for MUI is unclear [4]; (2) there are no
high-quality data to support the long-term efficacy of PEMT
[10]; (3) patients have poor long-term compliance especially
with antimuscarinic drugs that could cause adverse events
(e.g. cognitive dysfunction [19] and dry mouth [20]); (4)
there is lack of evidence of the optimal dose, therapy dura-
tion, and long-term efficacy of oestrogen for MUI [10, 11];
(5) when patients with MUI have persistent urgency incon-
tinence following SUI type surgery, they consider that the
procedure has failed [21]. Is there a treatment that satisfies
both components of MUI and is it safer and less invasive?

Electroacupuncture (EA) is an important part of tradi-
tional Chinese medicine; here, the poles of the wire are
connected to the handle or body of the acupuncture needle
handle or body, and subsequently output pulse current on
the acupoint through the EA instrument. The EA stimula-
tion intensity can be accurate to 0.1 mA, and there are three
consecutive wave forms: consecutive, spare-dense, and
intermittent waves. The frequency of consecutive waves
can be adjusted between 1 to 100 Hz; frequencies < 30 Hz
are called sparse waves, and those > 30 Hz are called dense
waves. A spare-dense wave is a combination wave with fre-
quencies automatically alternating between those of sparse
and dense waves; it has an alternating time of approximately
1.5 s at which frequency is fixed at 4 Hz and 20 Hz. An
intermittent wave is a combination wave that automatically
appears rhythmically and intermittently, with no current and
continuous dense wave interconversion with an alternating
time of approximately 1.5 s. EA has been widely used for the
prevention and treatment of various diseases and has a quick
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onset of action, low rate of relapse, and minor adverse reac-
tions [22-24]. According to a previous study [25], EA may
regulate and enhance sacral and pelvic floor muscle func-
tion, suggesting that EA may play a positive role in treating
MUI symptoms [26]. In recent years, clinical reports on EA
for MUI have shown an increasing trend, and four clinical
guidelines have discussed acupuncture (including EA) in
the management of urinary incontinence; however, there is
insufficient evidence of the efficacy of EA [27]. Moreover,
no study has objectively evaluated and analysed the effec-
tiveness and safety of EA in the treatment of MUI from the
perspective of evidence-based medicine.

Consequently, to address the above inconsistencies and
provide an evidence-based medical basis for EA therapy
for MUI, this study adopted a systematic review and meta-
analysis design with trial sequential analysis (TSA) to objec-
tively and comprehensively evaluate randomized controlled
trials (RCTs) of EA for MUI. The conclusions obtained by
sequential analysis are more reliable than those obtained by
traditional meta-analysis in that TSA can reduce false-pos-
itive results caused by random errors and repeated signifi-
cance tests in meta-analysis [28-30]; therefore, we applied
TSA to the results of the meta-analysis.

Methods

This present study was strictly implemented in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guidelines [31]
and was registered on PROSPERO; the ID number is
CRD42020220528.

Search strategy

PubMed, Embase, the Cochrane Central Register of Con-
trolled Trials (CENTRAL), Web of Science, China National
Knowledge Infrastructure, China Biomedical, Chongqing
VIP Database, and Wanfang Database were searched. The
two researchers searched articles independently using the

99,

following search terms: “Urinary Incontinence”; “mixed uri-
nary incontinence”; “mixed incontinence”; “Acupuncture”;
“Acupuncture Therapy”; Electroacupuncture”; “acupunc-
ture”; “electroacupuncture therapy”. The retrieval time was
from the date of inception of the database to 1 June 2021.
The complete search strategy for the Cochrane Library is
presented in Table 1. The search strategy was applied to
other databases. Additionally, the clinical research regis-
tration platform (WHO International Clinical Trial Reg-
istration platform and China Clinical Trial Registration
Center) and grey literature were also searched. Meanwhile,

the two researchers searched the studies independently,
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Tablg 1 CENTRAL: Search strategy (CENTRAL database)
sessionresults
Number Search terms Results
#1 MeSH descriptor: [Urinary Incontinence] explode all trees 2311
#2 (mixed urinary incontinence): ti, ab, kw 616
#3 (mixed incontinence): ti, ab, kw 685
#4 #1 OR #2 OR #3 2777
#5 MeSH descriptor: [Acupuncture] explode all trees 151
#6 MeSH descriptor: [Acupuncture Therapy] explode all trees 4855
#7 MeSH descriptor: [Electroacupuncture] explode all trees 825
#8 (acupuncture): ti, ab, kw 15,261
#9 (electroacupuncture): ti, ab, kw 2622
#10 (electroacupuncture therapy): ti, ab, kw 1490
#11 #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 16,160
#12 #4 AND #11 (in trials) 46

ti title; ab abstract; kw keywords

cross-checked their results with each other, and then
searched the reference lists of the selected studies.

Inclusion and exclusion criteria
Inclusion criteria

A study was included if it met all five of the following
criteria:

(1) Type of study design

Only RCTs evaluating the efficacy of EA for MUI were
included. The language was restricted to English and
Chinese.

(2) Types of participants

Women (age > 18 years) who were clearly diagnosed
with MUI according to the diagnostic criteria outlined in
the European Association of Urology Working Panel: EAU
guidelines on urinary incontinence [32] or Chinese Society
of Urological Surgery: Guidelines for the Diagnosis and
Treatment of Urinary Incontinence [33], according to the
patient’s symptoms of involuntary loss of urine associated
with urgency and exertion, effort, sneezing, coughing, or
physical examination, etc.

(3) Types of the treatment group

The treatment included either EA alone or EA in combi-
nation with other therapies. When EA was administered in
combination with other therapies, the therapy administered
to the EA group had to also be administered to the control
group, and other types of acupuncture were not included.

(4) Types of control group

The control group consisted of patients who received con-
servative therapy (e.g. pelvic floor muscle training, bladder
training), effective pharmacotherapy (e.g. solifenacin and
tolterodine), or sham electroacupuncture, which was used
alone or in combination.

(5) Types of outcome indicators

A study was included if contained at least one of the fol-
lowing outcome indicators:

(a) Primary outcome, which was the change from baseline
in the 1-h pad test [26, 34].
(b) Secondary outcomes, which were the:

(i) Change from baseline of International Consultation
on Incontinence Questionnaire Short Form (ICIQ-SF)
scores;

(i) Change from baseline in the 72-h incontinence episode
frequency (IEF);

(iii)) Response rate;

(iv) Quality of life;

(v) Adverse events.

Exclusion criteria

A study was excluded if:

(1) it was a secondary analysis or duplicate publication
(with multilingual publications, only the earliest was

chosen).
(2) the full text could not be obtained.
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(3) the design was flawed, such as studies without clear
random grouping methods or not strictly following the
randomisation principle (e.g. randomisation performed
based on the order in which patients were admitted to
the hospital or odd-even numbering of their medical
record number or date of birth).

(4) the baseline data were incomplete or if the study had
no baseline data evaluation.

(5) acupuncture techniques other than EA alone were used
in the study.

Trials selection

After removing the duplicate publications using the litera-
ture management software (EndNote X9), all headings and
abstracts were independently reviewed by the two research-
ers according to the inclusion and exclusion criteria to
retrieve and determine eligible studies. The studies that did
not meet the criteria were initially excluded; subsequently,
the full text of the studies whose titles and abstracts met
the inclusion criteria were downloaded and carefully read to
determine whether they could be included. The two research-
ers resolved any difference of opinion through discussion.
If no agreement could be reached, they consulted with an
arbiter for a decision. All researchers were registered tradi-
tional Chinese medicine practitioners with at least 2 years
of clinical acupuncture experience.

Data extraction

After determining the studies to be included, we prepared
a pre-set data template. The two researchers separately
extracted the data from the template. The data included
study characteristics (first author, year of publication), par-
ticipant characteristics (age, sample size, and duration of
MUI), interventions (type, treatment duration, frequency,
and acupoint), diagnostic criteria, outcome measures, and
adverse events. When differences arose, they were resolved
through discussion, and if opinions differed, an arbitrator
was consulted for a decision.

Risk of bias and quality assessment

According to the Cochrane Collaboration recommendation
[35], all included studies should be evaluated for the follow-
ing seven major risks of bias: random sequence generation
(selection bias), allocation hiding (selection bias), blind-
ing of participating researchers (performance bias), blind-
ing of result evaluation (detection bias), incomplete result
data (attrition bias), selective reporting (reporting bias), and
other biases. The two researchers independently evaluated
all included studies using the Cochrane Collaboration tool
(Revman version 5.4) at three grades of bias (high, low, and
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unclear). Disputes were resolved through discussion; when
opinions differed, they consulted an arbiter for a decision.
The analysed outcomes were determined and illustrated with
the support of Review Manager.

The two researchers independently evaluated the quality
of the included studies using the Jadad score; in case of a
difference of opinion, they consulted an arbiter for a deci-
sion. The main evaluation was of the following three aspects
(1-5 points): (1) generation method of the random group-
ing sequence: a random sequence generated by computer or
by a random number table (2 points); random assignment
mentioned in the experiment, but the method of generat-
ing the random sequence was not explained (1 point); semi-
randomized trials or random method error trials, such as
order of admission and odd or even number of birth dates
(0 points). (2) Double-blind method: the specific method
of double-blind implementation was described and consid-
ered appropriate (2 points). Only the double-blind method
was mentioned (1 point). The trial mentioned the use of the
double-blind method, but the method was not appropriate (0
points). (3) Withdrawal and loss to follow-up: the number
of cases of withdrawal and loss to follow-up and reasons for
withdrawal were described in detail (1 point). There was
no mention of exit or lost visits (0 points). A score of 1 to 2
points signified a low-quality study and 3 to 5 points signi-
fied a high-quality study [36].

Statistical analysis

Meta-analysis was performed using Stata 15.1 software.
Continuous variables were assessed using weighted mean
differences (WMDs) and corresponding 95% confidence
intervals (CIs) for the effectiveness analysis of statistics; a
difference of < 0.05 was considered statistically significant.
Dichotomous variables are expressed as relative risk (RR)
and corresponding 95% Cls. RR > 1 indicated high efficacy
in the treatment group; RR < 1 indicated high efficacy in the
control group; RR =1 indicated that the difference was not
statistically significant between the two groups.
Heterogeneity was assessed using the I test. If I* was <
50%, the heterogeneity was not significant, and the fixed-
effects model was used for the meta-analysis; 2> 50% indi-
cated significant heterogeneity, and a random-effects model
was used for the meta-analysis. If an outcome indicator
contained more than nine studies, meta-regression analy-
sis was used to clarify the source of heterogeneity among
studies; in contrast, subgroup and sensitivity analyses were
performed. The objective of this study was to evaluate the
effectiveness of EA as a treatment for MUI. Therefore, the
subgroup analysis was mainly determined based on the
type of intervention. Sensitivity analysis was performed by
eliminating each data point to evaluate the stability of the
results. If an outcome indicator contained more than nine



International Urogynecology Journal (2022) 33:751-766

755

studies, funnel plots were drawn to evaluate publication bias;
in contrast, Egger’s test was used to quantify the signifi-
cance of publication bias if an outcome indicator contained
fewer than nine studies (with p <0.05 considered signifi-
cant). If the outcome showed the data of mean and standard
error (SE), the standard deviation (SD) was calculated as
SD = SE X \/ﬁ(n = sample size) [35].

Trial sequential analysis

TSA was used to estimate the sample size of the meta-
analysis and overcome the shortcomings of classical meta-
analysis. Meta-analysis usually requires the accumulation
of multiple trial results, thus increasing random errors.
Some “positive” meta-analysis results may be attributable
to random error; when the number of trials in a meta-
analysis and the sample size of patients are small, random
error may yield erroneous results [28—30]. Therefore, it
is important to apply TSA to minimize the risk of false-
positive or false-negative results in a meta-analysis. In this
study, the researchers used the version 0.9.5.10 Beta TSA
software to perform the analysis, calculating the required
information size (RIS), referring to the number of cases
needed to achieve statistically significant differences in

the meta-analysis. Concurrently, the alpha spending func-
tion, continuously monitoring boundaries, and evaluation
of invalid boundary areas were estimated [37].

Results
Literature retrieval

A preliminary search identified 425 records from eight
databases and other sources including grey literature and
the reference lists of the selected studies. A total of 204
studies were selected after duplicates were removed, with
144 unrelated studies and 25 non-RCTs. After reading the
titles and abstracts, 35 studies were selected. After reading
the full text of the selected articles, 2 studies whose full
texts could not be obtained, 15 studies that did not meet
the inclusion criteria of the control group, 4 studies that
had missing baseline data, 5 studies that were republished,
and 1 study that did not have clear diagnostic criteria were
excluded. Ultimately, a total of eight RCTs [38—45] that
met the criteria were included in the statistical analysis
(Fig. 1).

Fig. 1 Flow chart of study
selection

Record identified through database
searching (n=336)

PubMed (n=102), Embase (n=21),
CENTRAL (n=46), Web of Science
(n=81), CNKI (n=39), VIP(n=8),
Wanfang(n=23), CBM(n=16)

Additional records identified
through other sources
(n=89)

Identification ‘

l

|

|

Records after duplicates removed
(n=204)

Screening

|

|

Eligibility

Articles screened
(n=204)

Records excluded (n=169)

Not relevant (n=144)

w

Not randomized trials (n=25)

Full-text articles assessed for
eligibility (n=35)

Full-text articles excluded (n=27)

Unable to access full text (n=2)

Studies included in qualitative synthesis

Not meeting the criteria of the
control group (n=15)
Insufficient data (n=4)
Secondary studies or

(0=8)

republication (n=5)
Without clear diagnostic

Included

Studies included in quantitative synthesis
(meta-analysis and trial sequential analysis)

criteria for MUI (n=1)

(n=8)
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Studies characteristics

All studies were conducted in China, with one published in
English [38] and the other seven in Chinese [39-45]. All
studies were published in or after 2015, with a total of 847
patients and 16 intervention groups, and ages ranging from
29 to 75 years; the baseline data for each study were compa-
rable. All included studies were peer-reviewed and included
five dissertations [39, 40, 42, 44, 45]. Interestingly, all treat-
ment and control groups in the included studies received
single EA therapy versus antimuscarinic drugs combined
with PFMT. For details, see Table 2.

Study quality assessment and risk of bias

All eight studies mentioned random sequence generation;
two studies used the random number table method [40, 43],
and six used a central randomisation system [38, 39, 41,
42, 44, 45]. Six studies [38, 39, 41, 42, 44, 45] used the
central randomisation system method for allocation conceal-
ment, while two did not describe the allocation concealment
method. None of the studies described how the subjects were
blinded. In terms of result evaluator blindness, one study
[38] described the concrete method, while the remaining
seven studies did not mention whether the evaluator was
blinded or designed. Six studies reported data and the spe-
cific reasons for the loss of follow up [38, 39, 42-45]. All
eight studies reported the outcome indicator results. Other
biases were not clear in any of the studies. Regarding the
quality assessment of the studies included, EA therapy,
because of its peculiarity, was difficult to camouflage and
hide from blinded physicians and patients; however, the
overall quality of the research included was moderate. Six
and two studies were of moderate and low quality, respec-
tively. Table 3 and Figs. 2 and 3 summarize the quality
assessment and risk of bias of all included studies.

Meta-analysis findings
Change from baseline in the 1-h pad test

Six studies [38, 39, 41-44] reported the change in the
amount of urine leakage from baseline in the 1-h pad test
in 748 patients. The heterogeneity between studies was
1=0.0%, indicating that the studies had good homogene-
ity. A fixed-effects model was selected for the analysis. The
results showed that EA therapy was superior to the com-
bination of antimuscarinic drugs with PFMT in improving
the amount of urine leakage in the 1-h pad test in MUI; the
difference was statistically significant (WMD =—-1.29, 95%
CI=-1.83to —0.75, P=0.000 < 0.001). For the spare-dense
wave of EA therapy vs. antimuscarinic drugs plus PFMT,
the subgroup analysis in five studies showed statistically
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significant differences (WMD =-1.18, 95% CI=-1.93 to
—0.43, P=0.008 <0.05). For the consecutive wave of EA
treatment vs. antimuscarinic drugs plus PEMT, the sub-
group analyses in one study showed statistically signifi-
cant differences (WMD =—1.40, 95% CI=-2.17 to —0.63,
P=0.000<0.001) (Fig. 4). The sensitivity analysis showed
that there was little or no change in the results, by omitting
one study at a time (Fig. 5).

Change from baseline in the ICIQ-SF scores

Seven studies [38—44] reported a change from baseline in
the ICIQ-SF scores, including 808 patients. The heteroge-
neity between studies was 12=92.2%, and a random-effects
model was used to analyse the effect size of each study’s
data. The results showed that EA treatment was superior
to antimuscarinic drugs combined with PFMT for MUI in
reducing the ICIQ-SF scores, and the difference was statisti-
cally significant (WMD =—1.69, 95% CI=—-3.26 to —0.13,
P =0.034 <0.05). For the spare-dense wave of EA treatment
vs. antimuscarinic drugs plus PFMT, the subgroup analysis
in six studies showed no statistically significant differences
(WMD =-1.13,95% Cl=-2.44 t0 0.19, P=0.093 > 0.05).
For the consecutive wave of EA treatment vs. antimus-
carinic drugs plus PEMT, the subgroup analysis in one study
showed statistically significant differences (WMD =-5.02,
95% CI=-6.31 to —3.73, P=0.000<0.001) (Fig. 6). The
sensitivity analysis showed that there was little or no change
in the results by omitting one study at a time (see Appendix).

Change from baseline in the 72-h IEF

As shown in Fig. 7, six studies [38, 39, 41, 42, 44, 45]
reported a change from baseline in the 72-h IEF. The het-
erogeneity between studies was 1> =70.8%; therefore, the
random-effects model was selected. The results showed that
EA therapy vs. antimuscarinic plus PFMT for MUI played
a role in reducing 72-h IEF; the difference was not statisti-
cally significant (WMD =-0.90, 95% CI=-2.09 to 0.29,
P=0.138>0.05). As there were spare-dense waves only in
the EA group, subgroup analysis was not performed. The
sensitivity analysis showed that there was little or no change
in the results by omitting one study at a time (see Appendix).

EA treatment for MUl on the response rate

Five studies [38, 40, 43—45] reported a response rate for 683
patients. However, the efficacy criteria for these studies were
entirely self-designed, and the criteria for clinical efficacy or
improvement were inconsistent in each study. For instance,
Liu et al., observed participant global impression improve-
ment measured on a 7-point Likert scale (marked worsen-
ing to marked improvement) [38], and Shi judged whether
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Adverse events

()

Outcome

Diagnostic
criteria

Treatment
period*

Type

Sample size  MUI (y)

Control group

Acupoints&

Type

Sample size MUI (y)

EA group

Age

Table 2 (continued)

Author and
year

@ Springer

measures

duration

duration

Solifenacin-

+7.0 Solifenacin 3 per wk 2)(3) [@6)

7.5

19

BL33, BL35

EA (spare-

72+6.1

35-75 20

Zhang SN

PFMT group,
slightly dry
mouth (5)

(12 wks)

plus PEMT

dense wave,

2015 [45]

10/50 Hz, NR,
30 min)

RCTs randomized controlled trials; MUI mixed urinary incontinence; EFA electroacupuncture; PFMT pelvic floor muscle training; NR non-related; & bilateral acupuncture points; * EA treat-

ment times a week; (1) European Association of Urology Working Panel: EAU guidelines on urinary incontinence (2011); (2) The International Consultation on Urological Diseases (ICUD):

INCONTINENCE (4th Edition 2009); (3) Chinese Society of Urological Surgery: Guidelines for the Diagnosis and Treatment of Urinary Incontinence (2007); (4) Guidelines for Diagnosis and

Treatment of Urological Diseases in China (2014); A

cal effective rate

change from baseline of ICIQ-SF scores; @ =change from baseline of 72-h IEF; ®=total clini-

change from baseline of 1-h pad test; ©=

EA was effective by observing whether the 1-h pad test was
positive and monitoring the patient’s self-feel urine leakage
[40]. Hong et al. determined the efficacy by measuring the
degree of change in the ICIQ-SF scores and urine leakage
with the 1-h pad test [43]. Therefore, no data summaries or
meta-analyses were performed.

Publication Bias

Because the change from baseline in the 1-h pad test of the
outcome measure was fewer than nine items in the included
studies, the funnel plot publication bias test could not be
performed. Egger’s test was used to quantify the significance
of publication bias. The result showed that P=0.16>0.05,
indicating that there was no significant risk of publication
bias (Table 4).

Adverse events

Six of the eight studies reported adverse events [38, 39,
42-45]. The remaining two studies did not describe the
occurrence of adverse events [41, 42]. All six studies
reported adverse events in the control group, and only two
studies reported minor adverse events in the EA group [38,
43]. Adverse events in the EA group included subcutane-
ous haematoma, digestive system symptoms (abdominal
pain and diarrhoea), and others. The adverse events in the
control group included severe events (one participant had a
fracture from an accident), digestive system symptoms (dry
mouth, constipation, abdominal pain, diarrhoea, dyspepsia,
and heartburn), dry eye, and others such as influenza. Liu
et al. [38] reported subcutaneous haematoma (n=10), diges-
tive system symptoms (n=4), and others (n=27) in the EA
group and severe events (one participant had a fracture from
an accident, n=1), digestive system symptoms (n=70),
and others (n=20) in the solifenacin-PFMT group. Chen
[39] reported a slightly dry mouth (n=7) in the solifena-
cin-PEMT group. Wang [42] reported a significantly dry
mouth (n=2) in the solifenacin-PFMT group. Zhang SW
[44] reported dry mouth (n=35) and dry eye (n=2) in the
solifenacin-PFMT group. Zhang XN [45] reported a slightly
dry mouth (n=35) in the solifenacin-PFMT group.

Trial sequential analysis findings

The TSA results are shown in Fig. 8. Six RCTs including 748
patients were entered into the meta-analysis. The actual RIS
sample size required for the meta-analysis was 506. The RIS
estimate was based on the following statistical indicators: type
I error probability (@¢=0.05), type II error probability (f=0.2),
and relative risk reduction (RRR=20%). The TSA results
showed that the Z-curve crossed the traditional threshold (red
dotted line) and the TSA threshold (the solid red line at the
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Table 3 Risk of bias and quality assessment of the included studies

Author and year ~ Sequence gen- Allocation  Blinded method Outcome blinded Result Selective report-  Other bias Jadad score
eration conceal- data ing
ment integrity
Liu et al. 2019 Central randomi- Low Unclear Low Low No, low Unclear 3
[38] sation system,
low
Chen et al. 2016  Central randomi- Low Unclear Unclear Low No, low Unclear 3
[39] sation system,
low
Shi et al. 2015 Random number Unclear Unclear Unclear Low No, low Unclear 2
[40] table, low
Wang et al. 2017 Central randomi- Low Unclear Unclear Low No, low Unclear 2
[41] sation system,
low
Wang et al. 2016 Central randomi- Low Unclear Unclear Low No, low Unclear 3
[42] sation system,
low
Hong et al. 2015 Random number Unclear Unclear Unclear Low No, low Unclear 3
[43] table, low
Zhang et al. 2015 Central randomi- Low Unclear Unclear Low No, low Unclear 3
[44] sation system,
low
Zhang et al. 2015 Central randomi- Low Unclear Unclear Low No, low Unclear 3

[45]

sation system,

low

Fig.2 Percentage graph show-
ing the risk of bias

Random sequence generation (selection bias) [
Allocation concealment (selection bias) [N |

Blinding of participants and personnel (performance bias) | |

Blinding of outcome assessment (detection bias) - |

Incomplete outcome data (attrition bias) [
Selective reporting (reporting bias) [

Other bias | |

0% 25% 50% 75%

100%

. Low risk of bias

D Unclear risk of bias - High risk of bias

top), indicating that a firm and positive conclusion had been
obtained before expectations were met; EA therapy was bet-
ter than the combination of antimuscarinic drugs and PEMT
for the reduction of urine leakage in patients with MUI as
ascertained with the 1-h pad test. With the concreteness of this
evidence, no further study was needed.

Discussion

Presently, the pathological mechanism and pathogenesis of
MUI have not been clarified. The prevailing view is that
the pathophysiology of MUI may involve urethral sphincter

deficiency, overactivity of the urethra, detrusor overactivity,
or a combination of all three [38]. Increasing age is a well-
recognized risk factor for MUI in many population-based
studies, and other risk factors, including delivery, obesity,
diabetes, hypertension, hormonal changes, sedentary behav-
iour, cigarette smoking, chronic medical conditions, and
pelvic conditions, could contribute to MUI [46—49]. This
may be related to the underlying pathogenesis of MUI. EA
therapy could be a treatment option for MUI; a high-quality
clinical study preliminarily confirmed the efficacy of EA in
the treatment of SUI [26], suggesting that EA therapy may
be an effective complementary and alternative approach in
the treatment of MUL
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Liu (2019) _— ~0.67(-2.12,0.78) 249, -12.2(8.17) 248,-11.5(8.28) 13.83
}
Chen (2016) - -5.12(-9.80, -0.44)  25,-40.6 (9.05) 25,-35.5(7.78) 1.32
'
Wang (2017) . -4.07(-8.83,0.69)  23,-11.2(8.28) 22,-7.14(8.02) 1.28
Wang (2016) — ~1.08 (-2.04, -0.12)  25,-3.96 (1.68) 25,-2.88 (1.79) 31.24
|
Zhang SW (2015) - -1.56 (-4.54,1.42)  21,-3.76 (6.25) 20,-2.2(3.03) 3.25
:
Subtotal (I-squared = 15.3%, p = 0.317) <> ~1.18(-1.93,-0.43) 343 340 50.92
|
Consecutive wave H
|
Hong (2015) — -1.40 (-2.17,-0.63)  32,-2.36(1.98) 33,-.96 (1.01)  49.08
:
Subtotal (I-squared = .%, p = .) < > ~1.40 (-2.17,-0.63) 32 33 49.08
i
|
|
Heterogeneity between groups: p = 0.687 0 -1.29(-1.83,-0.75) 375 373 100.00
Overall (I-squared = 0.0%, p = 0.430) ; Spare-dense wave 22265  p=0.008
| Consecutive wave z=3.57 p=0.000
! Overall z=4.69 p=0.000
T T T
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Few studies have examined the mechanism of EA in the
treatment of MUI, and animal experiments have suggested
that acupuncture of ST36 (Zu San Li) located on the lateral
side of the calf, 3 Cun (=100 mm) below the lateral depres-
sion of the patellar ligament, can decrease the muscarinic
binding ability of the cerebral cortex, hippocampus, stria-
tum, and spinal cord in rats [50]. EA stimulation of BL33
(Zhong Liao), located at the third posterior sacral foramen,
and BL35 (Hui Yang), located 0.5 Cun (=17 mm) from the
end of the coccyx, can increase the concentration of types I
and IIT collagen in the supporting tissue of the pelvic floor
of SUI model rats [51, 52]. Other studies have suggested that
electroacupuncture BL32 (Ci Liao), located at the second
posterior sacral foramen, could downregulate the expression
of VRI in the sacral urination centre of rats and improve
the urgent symptoms of incontinence [53, 54]. In summary,

@ Springer
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there are two main conclusions: on the one hand, it is pos-
sible to stimulate the third sacral (S3) nerve through the
BL33 point and the pudendal nerve through the BL35 point.
S3 and the pudendal nerve, involved in the regulation and
contraction of the pelvic floor muscles, similar to PEMT, can
improve the function of the pelvic floor muscles, which ben-
efits the stress component of MUI. On the other hand, simi-
lar to sacral neuromodulation, EA may also restrain detrusor
overactivity to improve the urgency component of MUI. The
specific locations of the acupoints are shown in Fig. 9.

To our knowledge, this was the first systematic review
and meta-analysis (using TSA) of EA therapy for MUL
In total, 847 patients were included in eight RCTs of EA
therapy for MUI. All included RCTs compared EA therapy
with antimuscarinic drugs combined with PFMT, and seven
studies used the BL.33 (Zhong Liao) and BL35 (Hui Yang)
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! Spare-dense wave z=1.68 p=0.093
. Consecutive wave z=761  p=0.000
NOTE: Weights are from random effects analysis i Overall 22213 p=0.034
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acupoints. It is usually recommended that PFMT in combi-
nation with antimuscarinic drugs (e.g. solifenacin and tolter-
odine) should be used for women with MUI [15]. Current
research has shown that antimuscarinic drugs are useful for
the treatment of UUI and MUI [12, 55], and previous stud-
ies have supported that PEMT is the first-line treatment for
SUI and MUI [56-58]. Therefore, it is important to compare
EA therapy with antimuscarinic drugs plus PFMT. As for
the setting of outcome indicators, this study did not identify
clinically significant differences among the outcome indica-
tors, but the 1-h pad test is the only test following a standard-
ized procedure for urinary incontinence [59]. The specificity
of the 1-h pad test is 65% to 89% [60], and compliance is

-1.69 0 4

high [61]; the results of the 1-h pad test also showed a posi-
tive correlation with urinary leakage symptoms and quality
of life [26]. Therefore, the 1-h pad test was selected as the
primary outcome measure in this study.

The results of the meta-analysis based on the existing
available research data indicated that compared with the
antimuscarinic drugs plus PFMT groups, EA therapy for
MUI was superior in reducing urine leakage based on the
1-h pad test and ICIQ-SF scores, and the difference in the
reduction in the 72-h IEF was not statistically significant.
Regarding the safety analysis, only two of the eight studies
mentioned the adverse events of EA therapy, mainly pre-
senting as mild reactions such as subcutaneous haematoma
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Fig.7 Forest plot for the

treatment and control groups.

Change from baseline in the
72-h IEF

Table 4 Publication bias
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Wang (2016) —_—— ' -2.73 (-3.82, -1.64) 25, -3.88 (1.84) 25, -1.15 (2.09) 22.45
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NOTE: Weights are from random effects analysis :
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—-6.66 0 6.66
Number of studies =6 Root MSE=0.8367
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Note: TSA = trial sequential analysis; Z-curve = the cumulative Z-value (a series of Z-values can be plotted from cumulative information, resulting in a curve that is referred to as a Z-curve).

Fig. 8 Trial sequential analysis of the 1-h pad test for EA in treating MUI
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BL 32 (Ci Liao): The 2nd posterior sacral foramen.

@ BL 33 (Zhong Liao): The 3rd posterior sacral foramen.

® BL3S (Hui Yang): 0.5 Cun (=17 mm) from the end of the coccyx.

Fig.9 The specific locations of acupoints BL32, BL.33, BL35, and ST36

and digestive system reaction, while five studies reported
adverse reactions in the antimuscarinic drugs plus PEMT
group, presenting as dry mouth, dry eyes, and severe diges-
tive system reactions. Compared with the antimuscarinic
drugs plus PEMT group, there were fewer adverse reactions
and higher safety in the EA therapy group. The findings of
the TSA indicate that the results of the 1-h pad test in this
meta-analysis were robust, and these evidence-based results
may have implications for clinical practice. TSA is a use-
ful tool for systematic reviews and meta-analyses. Even if
the TSA results do not support the deterministic conclusion
of the meta-analysis, they can provide a quantitative and
visual basis for subsequent studies to indicate the sample
size needed to accept or reject an intervention.
Nevertheless, there are some limitations to this study.
First, one secondary outcome, that is, changes from base-
line in the 72-h IEF, did not support the results of the pri-
mary outcome indicators of this study; this may be related
to the compliance and accuracy of measurement of the 72-h
urination diary. With the high heterogeneity of this result
and low quality of evidence, further verification is needed.
Second, because of the specificity of EA therapy, different
acupuncturists do not follow a unified, standardized treat-
ment protocol; based on their respective techniques and
experiences, each physician’s acupuncture technique and
penetration depth differ. Third, only eight studies that meet
the criteria were included, and the sample size in most stud-
ies was small; therefore, the design was not rigorous, and
the lack of allocation concealment and use of blind design

ST 36

(ww g1 =) un) ¢

ST 36 (Zu San Li): 3 Cun (100 mm) below
the lateral depression of the patellar ligament.

FF N

in many studies resulted in lower methodological quality of
the RCTs, such that the power of this finding is limited. In
the future, more high-quality studies with reasonable allo-
cation hiding and patient and measurer blinding are needed
to improve the quality of evidence. Fourth, this study was
unable to determine the response rate of EA therapy because
the efficacy criteria of each study were inconsistent. Fifth,
only English and Chinese were selected as literature retrieval
languages, which increased the risk of selection reporting
bias. Finally, according to the available data, the effective
boundary of antimuscarinic drugs combined with PFMT
for MUI cannot be defined, and the results obtained from
this meta-analysis can only indicate that EA therapy is more
effective than antimuscarinic drugs combined with PEMT in
controlling patient urine leakage and reducing the ICIQ-SF
scores, but the placebo effect cannot be excluded.

Future prospects: (1) Animal experimental studies con-
stitute the main method and approach to explain the role of
EA in the treatment of MUI, and it is important to explain
the mechanism of EA in the treatment of MUI from the
perspective of pathophysiology. There have been few such
studies, and basic studies on EA therapy for MUI should
be carried out in the future to explore the potential use of
EA for the treatment of incontinence. (2) Existing studies
lack a unified clinical validity standard and assessment
of quality of life in patients with MUI; further studies
should use uniform clinical efficacy criteria and gradually
establish a homogeneous set of outcome indicators directly
related to patient benefits. (3) Control groups of EA and
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sham EA should be set to confirm the placebo effect. (4)
Given the mixed nature and complexity of MUI, further
research should focus on classifying mixed incontinence in
women into more discrete subtypes, which will ultimately
provide the basis for more personalized clinical treatment
recommendations. (5) Standardized acupuncture tech-
niques should be used in clinical treatment, such as using
uniform base acupoints, acupuncture depth, frequency and
waveform of electroacupuncture, and treatment duration.
This does not contradict individualized treatment, but pre-
vents disunity in acupuncture treatment, thus facilitating
the comparison of evidence, reducing clinical heterogene-
ity, and improving the level of evidence.

Conclusions

Based on evidence from this analysis, compared with anti-
muscarinic drugs combined with PFMT, EA therapy has
the potential of reducing urine leakage, as assessed with
the 1-h pad test and ICIQ-SF scores in patients with MUI,
although the difference in the 72-h IEF results was not
statistically significant. Moreover, EA therapy is relatively
safe and has minimal side effects. Evidence suggests that
EA therapy can be considered in the treatment of MUI
as a complementary and auxiliary therapy. Nevertheless,
because of the limitations of this study, our conclusions
should be interpreted with caution, and further studies are
needed to confirm the comprehensive clinical efficacy and
placebo effect of EA.
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