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Introduction
Bowel dysfunction is tightly associated with poor life quality after surgery, and it 

represents a common postoperative complication [1,2]. Bowel dysfunction is mainly caused 
by anesthetics, intraoperative traction and trauma, postoperative water and fasting, bed rest, 
and the use of analgesic drugs. Postoperative Ileus (POI) refers to transient bowel movement 
dysfunction that last for 3-5 days, and it can occur following diverse major surgeries [3-5]. 
Clinically, POI is manifested as abdominal pain, delayed flatus or stool passage, vomiting and 
nausea [6]. Usually, bowel functional recovery is frequently used as the POI endpoint, while 
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Abstract
The aim of this study was to evaluate the effects of Electro-Acupuncture (EA) and Transcutaneous 

Electrical Acupoint Stimulation (TEAS) for narrowing the duration of Postoperative Ileus (POI) and 
enhancing bowel function after general anesthesia. 

Methods: A systematic search of electronic databases included PubMed, EMBASE, Ovid, Web of 
Science for studies published from 2010 until July 2021 was carried out. Randomized Controlled Trials 
(RCTs) involving the use of acupuncture for POI and bowel function in patients were identified. Outcomes 
in every work were collected and combined for determining Standardized Mean Difference (SMD) and 
Risk Ratio (RR). We also utilized DerSimonian and Laird approach for computing the combined SMD 
estimates and the respective 95% Confidence Intervals (CIs). Additionally, we conducted subgroup 
analysis according to intervention timing and intervention frequency. 

Results: The present work enrolled 27 RCTs involving 2053 participants. Acupuncture achieved 
higher efficacy of releasing postoperative ileus, together with shorter time-to-first flatus/bowel sound/
defecation, shorter Length Of Stay (LOS), and greater efficacy of Postoperative Ileus relative to controls 
(sham acupuncture, non-acupuncture, or additional active treatments). No difference was found 
between the efficacy of EA and TEAS. Difference in efficacy was not significant between different type of 
intervention timing and intervention frequency, as revealed by subgroup analysis. 

Conclusion: Electro-acupuncture and transcutaneous electrical acupoint stimulation both showed 
large effect size on improving postoperative gut function. More convincing data are warranted.

Keywords: Electro-acupuncture; Transcutaneous electrical acupoint stimulation; Postoperative 
ileus; Meta-analysis

Abbreviations: EA: Electro-Acupuncture; TEAS: Transcutaneous Electrical Acupoint Stimulation; 
POI: Postoperative Ileus; RCTS: Randomized Controlled Trials; SMD: Standard Mean Difference; COX: 
Cyclooxygenase; CI: Confidence Interval
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treatment for POI mainly focuses on reducing time-to-first flatus/
defecation [7]. POI may lead to patient discomfort, longer Length 
of Stay (LOS), longer functional recovery as well as higher medical 
expenses [8]. The POI incidence is reported to be 10-30% [9,10], 
besides, it is reported that POI contributes 1.5 million dollars to 
economic burden annually.

Acupuncture is one of the Traditional Chinese Medicine (TCM) 
treatments to manage different disorders, and it has aroused more 
and more attention of patients and clinical practitioners globally. 
It is the non-pharmacological approach usually adopted to manage 
different Gastrointestinal (GI) diseases. According to the preclinical 
animal research results, acupuncture activates vagus nerve for 
improving the transport activity of GI tract and thereby promoting 
POI recovery [11]. Additionally, as reported in one work, acupuncture 
relaxes GI smooth muscle to modulate vasoactive intestinal peptide 
(VIP) contents while improving GI movement [12,13]. Moreover, 
acupuncture is identified to be an effective approach to restore GI 
barrier function [14], while Electroacupuncture (EA) pretreatment 
increases the levels of cyclooxygenase (COX)-1/2 and decreases 
gastric acidity to reduce ulcer severity caused by acetylsalicylic acid. 
As reported by Fang and colleagues [11], acupuncture facilitates 
to mitigate functional dyspepsia symptoms, and normalize brain-
gut axis function by maintaining GI homeostasis. Currently, 
acupuncture-associated techniques are Transcutaneous Electrical 
Acupoint Stimulation (TEAS), Electronic Acupoint Stimulation 
(EAS), and manual acupuncture. Of them, EA refers to acupuncture 
after modification, which is conducted to stimulate certain 
specific acupoints by acceptable currents based on conventional 
acupuncture. On specific body line, different acupoints can be found. 
EA on different acupoints achieves diverse efficacy in GO diseases. 
Typically, Transcutaneous EA (TEA) has been recently formulated 
as a non-invasive intervention that requires no needle insertion. It 
is associated with the merits of portability and self-administration 
at home by patients. Both TEAS and EAS are popular among 
acupuncturists since they can accurately control the stimulation 
variables and facilitate quantitative study. Therefore, these two 
approaches were applied in the present work. As far as we know, 
meta-analysis regarding this aspect is unavailable so far. Therefore, 
the present systematic review and meta-analysis was conducted 
for the comprehensive assessment of whether acupuncture and 
TEAS were effective on avoiding POI while improving postoperative 
intestinal functions.

Materials and Methods
The present work was conducted following guidelines of 

Preferred Reporting Items for Systematic Reviews and Meta-
Analyzes (http://links.lww.com/MENO/A579, see Supplemental 
Digital Content 1). Our study protocol was registered at PROSPERO 
registry (CRD42021283826).

Literature search and study selection

We searched electronic databases including EMBASE, PubMed, 
Web of Science and Ovid to identify related studies that examined 
how EA affected POI from inception to July 31st, 2019, by using 

search terms associated with EA (such as “transcutaneous 
electrical acupoint stimulation” OR “acupuncture” OR “electrical 
acupuncture” OR “TEAS”) as well as those associated with intestinal 
function after surgery (such as “intestinal inflation” OR “or gastro-
intestinal function” OR “postoperative intestinal function” OR “bowel 
function”). No restriction was set regarding age, sex, surgery type or 
date. Meanwhile, possibly related works were searched by reading 
titles and abstracts with the above teams. Moreover, we manually 
retrieved the reference lists in related studies to avoid missing 
any relevant article. In this work, 2 reviewers were responsible for 
identifying whether the studies were eligible for further analysis 
based on the inclusion criteria below: (1) randomized controlled 
trials (RCTs); (2) EAS being the experimental intervention measure 
(where electrical stimulation was conducted in this patient 
population at specific acupoints using the electrical stimulator via 
the electrode tabs. Accordingly, corresponding mode, intensity and 
frequency of the electrical stimulator were set), whereas placebo 
being sham EAS protocol; and (3) studies that assessed whether 
EAS was effective on bowel functional recovery after surgery 
following general anesthesia. The study exclusion criteria were 
as follows, (1) case reports, comments, letters, crossover studies, 
review articles, editorials, retrospective studies or meta-analysis; 
(2) animal experiments; (3) works with unavailable or insufficient 
data. Any disagreement between them was solved by negotiation or 
the opinion of corresponding author.

Data extraction and quality assessment

Data, including first author, country, publication year, surgery 
type, sample size, EAS intervention details and interested outcomes 
were extracted by 2 reviewers. The authors were contacted for 
studies with unavailable or inadequate data. The interested 
outcomes were LOS and time-to-first flatus/defecation/ bowel 
sound. We adopted Cochrane collaboration risk-of-bias approach 
to assess study quality and risks were assessed as high, low or 
unclear [15]. Two researchers were responsible for assessing 
those enrolled articles from aspects of blinding implementation, 
allocation concealment, method to generate random sequences, 
selection bias, or additional bias sources. Any discrepancy between 
them was settled via negotiation or the opinion from a third 
researcher.

Statistical analysis

We conducted meta-analysis on eligible articles using the 
random-effects model for determining how EAS affected intestinal 
functional recovery postoperatively. In addition, Standardized 
Mean Difference (SMD) together with the related 95% Confidence 
Intervals (CIs) was adopted for presenting EAS’s effect size on 
intestinal functional recovery. Typically, SMDs being ≤0.2, 0.5, 0.8 
stood for small, moderate, and great effects, separately. In addition, 
we applied chi-square test to assess heterogeneities in effect sizes 
among different articles, whereas I2 statistic was employed to 
evaluate inconsistency. Further, we carried out subgroup analysis 
for detecting whether different factors affected the pooled effect 
size, including acupuncture types (i.e., EA and TEAS), treatment 
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duration (i.e., <7 days and >7 days), and surgery type (i.e., 
abdominal and non- abdominal). At the same time, we conducted 
sensitivity analysis by eliminating the work with high bias risk 
according to study quality evaluation, so as to detect whether 
this work affected the pooled effect size. We later analyzed the 
difference of 2 estimated effect sizes. Publication bias was tested 
by Egger’s test. Effect of potential bias was corrected by Duval and 
Tweedie’s trim and fill test. This work adopted STATA 15.0 software 
for data analysis. P<0.05 stood for statistical significance.

Results and Discussion
Search results

This study discovered altogether 1960 works at first. Then, 
we eliminated 789 works due to duplicates. Later, we screened 
titles and abstracts and eliminated another 1118 articles due to 
case reports, nonclinical trials, protocols, reviews, and irrelevance. 
Among those rest 53 works, we finally selected 27 after full-text 
screening. Figure 1 displays the study selection flowchart [16-20].

Figure 1: PRISMA flow diagram of studies included in the review.

Characteristics of included studies

Table 1 lists enrolled study information. Each of our enrolled 

article was RCT published between 2006 and 2020. 27 trials were 
conducted in China (Table 1).

Table 1: Characteristics of included clinical EA or TEAS trials of POI treatment.

Number Author Year 
(Ref)

Sample Size 
(E/C) Age (yr)(E/C) Abdominal 

Surgery Type
EA or TEAS 
Procedures Timing Control 

Interventions

1 Jing-jing Deng et 
al. [16] 70(35/35) 49.11±16.23/ 

49.6±18.7
Abdominal 
operation

EA at bilateral ST36, 
san and LR03 30min 

twice daily

Sixteen hours 
after operation

Routine 
treatment

2 Jun-wei Wang et 
al. [17] 137(57/80) 66.2/64.8 Abdominal 

operation

EA at bilateral ST36 
and ST37 20 to 30min 

twice daily

Two hours after 
operation

Routine 
treatment

3 Ke Gan et al. 
[18] 59(29/30) 46.98±6.13/ 

48.4±5.12 Hysterectomy EA at unilateral LI4 and 
LR03 30min

Six hours after 
operation

Routine 
treatment

4 Jun-jie Yang et 
al. [19] 60(31/29) 60.9±6.63/ 

62±6.98
Colon carcinoma 

surgery

EA at bilateral ST36, 
ST37 and ST39 once 

daily

Post-
postoperative 

day 1

Routine 
treatment

5 Peng Lu et al. 
[20] 60(30/30) 46/47 Abdominal 

operation

EA at bilateral ST36, 
ST37, yang and PC6 
30min twice daily

Post-
postoperative 

day 1

Routine 
treatment

6 Ye-hui Zhen et 
al. [21] 96(48/48) 51.57±17.53 / 

48.13±17.02
Abdominal 
operation

EA at bilateral ST36 
30min once daily

Six hours after 
operation

Routine 
treatment
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7 Teng-hui Wang 
et al. [22] 60(30/30) 43.793±11.731/ 

43.93±13.47
Abdominal 
operation

EA at bilateral ST36, 
ST37, ST39, LI4 and 

LI11 30min twice daily

Post-
postoperative 

day 1

Routine 
treatment

8 Zong-lin Yang et 
al. [23] 60(30/30) 60/18

Gynecological 
laparoscopic 

surgery

TEAS at bilateral PC6 
30min

TLI4 operation 
began pseudo-TEAS

9 Wen Zhu et al. 
[24] 60(30/30) 33.63±6.86/ 

34.77±5.99
Laparoscopic 

surgery

EA at bilateral ST36, 
ST37, yang, san and 

LR03 30min once daily

Post-
postoperative 

day 1

Routine 
treatment

10 Hui Chen et al. 
[25] 86(43/43) 78/36 Intestinal surgery

EA at bilateral ST36, 
ST37 and ST39 30min 

twice daily

Immediately 
after operation

Routine 
treatment

11 Sheng-shu Hu et 
al. [26] 40(20/20) 44.45±4.31/ 

47.1±3.61 Hysterectomy EA at bilateral ST36 
20min once daily

Post-
postoperative 

day 1

Routine 
treatment

12 Pei Wang et al. 
[27] 60(30/30) 48±14/44±11 Abdominal 

operation

EA at bilateral ST36, 
ST37,ST39,PC6 and 

LR03 30min once daily

Post-
postoperative 

day 1

Routine 
treatment

13 Hong-xiu Shen 
et al. [28] 70(35/35) 25.500 ±5.774 / 

25.800±0.950 Cesarean section
EA at bilateral ST36 

and ST37 30min twice 
daily

Post-
postoperative 

day 1

Routine 
treatment

14 Lan Yuan et al. 
[29] 60(30/30) 53.9±9.8/ 

54.6±10.4
Laparoscopic 

surgery

TEAS at bilateral PC6, 
LI4 and ST36 30min 

once daily

Immediately 
after operation pseudo-TEAS

15 Shu-han Gu et 
al. [30] 150(100/50) 57.35±6.57/ 

57.25±7.49 Gastrectomy
TEAS at bilateral ST36 
and PC6 30min thrice 

daily

Four hours after 
operation pseudo-TEAS

16 Li Mu et al. [31] 110(55/55) 24±3/24±3 Cesarean section
TEAS at bilateral ST36 
30min every 8 hours 

until defecating

Half an hour 
after operation

Routine 
treatment

17 Ling Pu et al. 
[32] 62(31/31) 55. 07 ± 10. 17/ 

56. 13 ± 11. 08
Abdominal 
operation

EA at bilateral PC6, 
SP4, ST37 and ST36 

30min once daily

24 hours after 
operation

Routine 
treatment

18 Li-zhe Qu et al. 
[33] 70(47/23) 52.9±13.3/ 

55.1±13.7 Cholecystectomy EA at bilateral ST36, 
ST37 and PC6 30min

Half an hour 
before tLI4 end 

of tLI4 operation

Routine 
treatment

19 Du-hu Feng et 
al. [34] 70(35/35) 66.3±8.6/ 

65.8±5.7 Colon carcinoma
TEAS at unilateral PC6 
and ST36 30min once 

daily

Half an hour 
before operation pseudo-TEAS

20 Kai-hua Li et al. 
[35] 60(29/31) 62.69±7.00/ 

61.47±8.44 Gastric cancer
TEAS at bilateral ST36, 
ST37 and PC6 30min 

once daily

Two days before 
operation

Routine 
treatment

21 Kang Song et al. 
[36] 50(25/25) 58.28±9.96/ 

60.84±9.59 Gastrectomy TEAS at bilateral LI4 
and PC6

Post-
postoperative 

day 1
pseudo-TEAS

22 Feng Li et al. 
[37] 120(60/60) 53. 4±11. 6/ 52. 

8±13. 7
Radical 

hysterectomy

TEAS at bilateral LI4, 
PC6 and san 30min 
thrice every 4 hours

Post-
postoperative 

day 1
pseudo-TEAS

23 Hai-liang Zhang 
et al. [38] 90(45/45) 64 ± 12 / 65 

± 11
Colorectal cancer 

surgery

TEAS at bilateral ST36, 
ST37 and san 30min 

once daily

Before 
anestLI4sia pseudo-TEAS

24 Shen-gui Xu et 
al. [39] 60(30/30) 28.55±9.75/ 

29.64±9.34 Appendicectomy
EA at bilateral ST36, 
san, PC6 and RN12 
20min twice daily

Post-
postoperative 

day 1

Routine 
treatment

25 Xin Zhou et al. 
[40] 81(41/40) 58.71±9.274/ 

60.83±9.137 Gastric cancer

TEAS at bilateral ST36, 
ST37, PC6, LI4, BL21 

and BL20 30min twice 
daily

Post-
postoperative 

day 1

Routine 
treatment

26 Jian-ying Xu et 
al. [41] 98(50/48) 28.58±2.16/ 

28.61±2.11 Cesarean section TEAS at bilateral ST36 
30min every 8 hours

Half an hour 
before operation

Routine 
treatment
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27 Wen-jing Li et 
al. [42] 280(140/140) 70/18 Gastrointestinal 

surgery

TEAS at bilateral ST36, 
ST37, PC6 and LI4 
30min once daily

Post-
postoperative 

day 1
pseudo-TEAS

Notes: E: Experimental Group; C: Control Group; EA: Electro-Acupuncture; TEAS: Transcutaneous Electrical Acupoint 
Stimulation fat Mass.

Participants: Among those 27 RCTs enrolled, 2053 cases with 
an age of 15-79 years were recruited, and the sample sizes were 
40-140. Of these cases, 945 underwent acupuncture, whereas 1108 
received control treatment [21-25].

 Interventions: EA was used in 15 trials, and TEAS was used 
in 12 trials. The intervention initiation time was reported in each 
RCT. Typically, ST36 (n=25) and ST37 (n=14) were two acupoints 
frequently adopted. The overall course of treatment was 1-10 days, 
while the intervention dose was 20-30 min [26-30].

Outcome measures: In a majority of RCTs, time-to-first flatus/
defecation/bowel sound were selected to be primary outcome; 
meanwhile, LOS (n=10) and the efficacy of promoting POI (n=7) 

were the frequently adopted secondary outcomes [31-35].

 Risk of bias and level of evidence

Of 27 RCTs, 19 provided details about the method to generate 
random sequences, while just 2 did not provide any information 
on this aspect. In addition, there were 8 RCTs describing details 
regarding allocation concealment [36-42]. Among the 27 RCTs, 
8 conducted rigid study design to achieve double blinding, while 
the remaining 19 RCTs did not provide sufficient information 
regarding participant blinding or personnel. None of our enrolled 
RCTs provided information about outcome assessment blinding. A 
majority of our enrolled RCTs had low risk of bias in reporting and 
attrition. Table 2 summarizes the evidenced obtained.

Table 2: Quality assessment of the twenty-seven included studies with low, high, or unclear risk of bias.

Number Author, Year
Random 

Sequence 
Generation

Allocation 
Concealment

Binding of 
Participants and 

Personnel

Binding of  
Outcome 

Assessment

Incomplete  
Outcome 

Data

Selective  
Reporting Other  Bias

1 Jing-jing Deng 
et al. [16] High High Unclear Unclear Low High Unclear

2 Jun-wei Wang 
et al. [17] Unclear Unclear Unclear Unclear Low Low Unclear

3 Ke Gan et al. 
[18] High Unclear Unclear Unclear Low Unclear Unclear

4 Jun-jie Yang et 
al. [19] High Unclear Unclear Unclear Unclear Unclear Unclear

5 Peng Lu et al. 
[20] Low Low Unclear Unclear Unclear Unclear Unclear

6 Ye-hui Zhen et 
al. [21] High High Unclear Unclear High Unclear Unclear

7 Teng-hui Wang 
et al. [22] High High Unclear Unclear High Unclear Unclear

8 Zong-lin Yang 
et al. [23] Unclear Unclear High Unclear Unclear Unclear Unclear

9 Wen Zhu et al. 
[24] High High Unclear Unclear Unclear Unclear Unclear

10 Hui Chen et al. 
[25] High Unclear Unclear Unclear Unclear Unclear Unclear

11 Sheng-shu Hu 
et al. [26] Unclear Unclear Unclear Unclear Unclear Unclear Unclear

12 Pei Wang et al. 
[27] Unclear Unclear Unclear Unclear Low Unclear Unclear

13 Hong-xiu Shen 
et al. [28] High High Unclear Unclear Low Unclear Unclear

14 Lan Yuan et al. 
[29] High Unclear High Unclear Unclear Unclear Unclear

15 Shu-han Gu et 
al. [30] High High High Unclear High Unclear Unclear

16 Li Mu et al. 
[31] Unclear Unclear Unclear Unclear Unclear Unclear Unclear

17 Ling Pu et al. 
[32] High High Unclear Unclear Unclear Unclear Unclear
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18 Li-zhe Qu et al. 
[33] High Unclear Unclear Unclear High Unclear Unclear

19 Du-hu Feng et 
al. [34] High High High Unclear Unclear Unclear Unclear

20 Kai-hua Li et 
al. [35] High Unclear High Unclear Unclear Unclear Unclear

21 Kang Song et 
al. [36] High Unclear High Unclear High Unclear Unclear

22 Jian-ying Xu et 
al. [41] Low Low Unclear Unclear Unclear Unclear Unclear

23 Feng Li et al. 
[37] High Unclear High Unclear Unclear Unclear Unclear

24
Hai-liang 

Zhang et al. 
[38]

Unclear Unclear High Unclear Unclear Unclear Unclear

25 Shen-gui Xu et 
al. [39] High Unclear Unclear Unclear Unclear Unclear Unclear

26 Xin Zhou et al. 
[40] High High Unclear Unclear High Unclear Unclear

27 Wen jing Li et 
al. [42] High High High Unclear Unclear Unclear Unclear

Meta-analysis results

The random-effects model was utilized for data combination to 
compare EAS with control and TEAS with control.

Efficacy of acupuncture therapy:

Time-to-first flatus

There were 26 RCTs providing information of time-to-first 
flatus. As revealed by combined results, EAS (EA as well as TEAS) 
significantly benefited this outcome (SMD = -1.33h, 95% CI: -1.63 to 
-1.04, 𝑃< 0.001; 𝐼2 =89.6%) (Figure 2). We also performed subgroup 

analysis for exploring the feasibility to explain heterogeneities via 
diverse acupuncture therapeutic modalities. As a result, there is no 
significant difference between EA (SMD = -1.35h, 95% CI: -1.79 to 
-0.92, 𝑃< 0.001) and TEAS (SMD =  -1.31h, 95% CI: -1.74 to -0.85, 
𝑃< 0.001) in association with time-to-first flatus (Figure 2). This 
study carried out subgroup analysis stratified by control group, 
Intervention timing (e.g., Before surgery and after surgery), and 
Intervention frequency (e.g., ≤1 time/day and ≥2 time/day). As a 
result, heterogeneities were not settled, even though the overall 
conclusion did not exhibit any difference (Supplementary Figure 1 
& 2). 

Figure 2: Forest plot of time-to-first flatus in EA/TEA vs control.
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Supplementary Figure 1: Forest plot of acupuncture treatment versus control group on the time to first flatus: 
Intervention frequency (1 ≤1 time/day; 2 ≥2 time/day).

Supplementary Figure 2: Forest plot of acupuncture treatment versus control group on the time to first flatus: 
Intervention timing (before surgery or after surgery).
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Time-to-first bowel sounds

There were 20 RCTs mentioning the above outcome. As revealed 
by results of meta-analysis, this outcome markedly decreased in 
groups compared with control (SMD = -1.25h, 95% CI: -1.62 to 
-0.88, 𝑃< 0.001; 𝐼2 =91.5%) (Figure 3). We also performed subgroup 
analysis for exploring the feasibility of explaining heterogeneity via 
diverse acupuncture therapy modalities. As a result, there is no 
significant difference between EA (SMD = -1.12h, 95% CI: -1.60 to 

-0.63, 𝑃< 0.001) and TEAS (SMD =  -1.50h, 95% CI: -1.62 to -0.88, 
𝑃< 0.001) in association with this outcome (Figure 3). As suggested 
by subgroup analysis stratified by control group, Intervention 
timing (e.g., Before surgery and after surgery), and Intervention 
frequency (e.g., ≤1 time/day and ≥2 time/day), heterogeneities 
were not settled, even though the overall conclusion did not exhibit 
any difference (Supplementary Figure 3 & 4). Besides, subgroup 
analysis did not explain the possible heterogeneity source.

Figure 3: Forest plot of time-to-first bowel sound in EA/TEA vs control.

Supplementary Figure 3: Forest plot of acupuncture treatment versus control group on the time to first bowel 
sound: Intervention frequency (1 ≤ 1 time/day; 2 ≥ 2 time/day).
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Supplementary Figure 4: Forest plot of acupuncture treatment versus control group on the time to first bowel 
sound: Intervention timing (before surgery or after surgery).

Time-to-first defecation

There were 19 RCTs reporting the above outcome. According 
to combined analysis, acupuncture therapy achieved the decreased 
value of this outcome (SMD= -1.20h, 95% CI: -1.58 to -0.82, 𝑃< 0.001; 
𝐼2=90.4%) (Figure 4). Based on subgroup analysis stratified by 
diverse acupuncture therapeutic modalities, there is no significant 
difference between EA (SMD= -1.50h, 95% CI: -2.12 to -0.88, 𝑃< 

0.001) and TEAS (SMD= -0.82h, 95%CI: -1.17 to -0.47, 𝑃< 0.001) 
in association with time-to-first defecation (Figure 4). According to 
subgroup analysis stratified by control group, Intervention timing 
(e.g., Before surgery and after surgery), and Intervention frequency 
(e.g., ≤1 time/day and ≥2 time/day), heterogeneities were not 
settled, even though the overall conclusion did not exhibit any 
difference (Supplementary Figure 5 & 6). 

Figure 4: Forest plot of time-to-first defecation in EA/TEA vs control.
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Supplementary Figure 5: Forest plot of acupuncture treatment versus control group on the time to first defecation: 
Intervention frequency (1 ≤ 1 time/day; 2 ≥ 2 time/day).

Supplementary Figure 6: Forest plot of acupuncture treatment versus control group on the time to first defecation: 
Intervention timing (before surgery or after surgery).
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Efficacy of postoperative ileus and length of hospital stay

There were 10 RCTs mentioning the efficacy in POI, whereas 7 
RCTs reporting LOS. EAS performed well in decreasing LOS (SMD 
= -0.52d, 95% CI: -0.81 to -0.22, 𝑃< 0.001; 𝐼2 =79.2%) (Figure 5) 
relative to control group, however, it did not exhibit any significant 

effect on decreasing the POI incidence (RR = 0.90, 95% CI: 0.78 to 
1.05, 𝑃 =  0.99; 𝐼2 =0.0%) (Figure 6). Further, according to subgroup 
analysis, EA TEAS (SMD = -0.44h, 95%CI: -0.71 to -0.17, 𝑃< 0.001) 
and (SMD = -0.94h, 95% CI: -2.50 to -0.61, 𝑃< 0.001) achieved 
similar effect on LOS (Figure 5).

Figure 5: Forest plot of efficacy of postoperative Ileus in EA/TEA vs control.

Figure 6: Forest plot of length of hospital stay in EA/TEA vs control.

Sensitivity analysis

We conducted sensitivity analysis through eliminating an 
individual RCT each time to see whether this RCT affected the 
pooled risk estimate. As a result, eliminating one individual RCT 
did not make any difference to time-to-first flatus/defecation/
bowel sounds, efficacy in POI and LOS. In addition, the pooled 
SMD per alteration of time-to-first flatus/defecation was between 
-1.37 (95% CI: -1.68 to -1.07) and -1.22 (95% CI: -1.49 to -0.96) 

and between -1.26 (95% CI: -1.65 to -0.88) and -1.01 (95% CI: 1.33 
to -0.69), separately. Those enrolled RCTs were carefully reviewed, 
and it was concluded that the heterogeneities did not affect 
acupuncture therapy’s combined effect size.

Publication bias

As suggested by Egger’s test, there was a possible publication 
bias in the relation between EAS and time-to-first flatus/defecation 
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(P<0.050), rather than other outcomes (P>0.050, Supplementary 
Table 1). Afterwards, results were corrected by Duval and Tweedie’s 
trim and fill test. We obtained identical relations when the potential 
missing articles (n=3) were corrected, suggesting no influence of 
unpublished studies on interpreting the current observations.

Supplementary Table 1: Assessment of potential 
publication bias by Egger’s test.

P

Bowel sound 0.1

First time to flatus 0.001

First time to defecation <0.001

Length of Hospital Stay 0.914

Efficacy /

Discussion
Acupuncture is applied in China to treat different GI diseases for a 

history of more than 2000 years. EA represents the modern therapy 
that utilizes electric currents based on conventional acupuncture 
to stimulate acupoints, whereas TEAS stimulates certain acupoints 
with no need of needles through the cutaneous electrodes. Both 
TEAS and EA have been increasingly popular because of their 
fast GI functional recovery postoperatively. The present systemic 
review came to the conclusion of the safety and efficacy of TEAS 
and EA in treating postoperative POI. Our meta-analysis findings 
revealed that applying TEAS and EA led to decreased time-to-
first flatus/defecation/bowel sound, reduced POI incidence and 
short LOS. As far as we know, the present meta-analysis aimed to 
examine whether TEAS and EA were effective on POI. Due to the 
heterogeneities in study features, this work conducted subgroup 
analysis stratified by diverse acupuncture types, intervention 
frequency and timing. As a result, EA/TEAS promoted GI functional 
recovery among cases receiving surgical treatment, which was 
significant in clinical practice. There was no side effect reported in 
any of those 27 RCTs. Generally, our results indicated that TEAS and 
EA were safe during the surgical procedure.

Nonetheless, the mechanism related to TEAS and EA remains 
unclear. The following reasons may be responsible for this. First, 
Acupuncture can stimulate somatosensory neurons, directly 
activate different nuclei of the central nervous system, and regulate 
the imbalance of sympathetic, parasympathetic, and vagus nerve 
activity, thereby regulating the activity of internal organs [43]. 
Second, as revealed by relevant articles, acupuncture at specific 
acupoints modulates immune cells in the body, reduce mucosal 
damage, and at the same time reduce postoperative inflammation 
and inhibit angiogenesis [44]. In addition, acupuncture can also 
regulate brain-gut peptides, regulate gastrointestinal physiology, 
relax gastrointestinal smooth muscle, and improve gastrointestinal 
motility. Acupuncture can also improve the microcirculation blood 
flow of the intestinal tract [45]. Notably, ST36 (92.6%, 25/27), ST37 
(51.9%, 14/27), ST39 (22.2%, 6/27), PC6 (51.9%, 14/27) and SP6 
(29.6%, 8/27) were acupoints frequently adopted. According to 
TCM principles, all the above acupoints are located in the “Stomach 

Meridian” within the surrounding lateral crural area. ST36, also 
called Zusanli can activate the cholinergic anti-inflammatory 
mechanism, reduce postoperative local inflammation, promote 
intestinal motility, reduce the concentration of VIP, and regulate 
the concentration of MTL, growth hormone and GAS, and enhance 
gastrointestinal motility [46,47]. ST37, also called Shangjuxu 
can relieve visceral pain, reduce the distribution of SP in the 
gastrointestinal tract, and increase the distribution of VIP [48,49]. 
ST39, also called Xiajuxu can significantly increase bowel motility, 
and PC6, also called Neiguan can inhibit gastric juice secretion and 
regulate gastrointestinal motility. And SP6, also called Sanyinjiao 
can enhance the peristalsis of the lower part of the colon and 
rectum, strengthen intestinal function, increase the number of 
white blood cells, and increase the phagocytic index of bacteria. 
The enrolled RCTs employed EA/TEAS at similar time points in the 
recovery process. EAS was most commonly conducted at 1 day after 
surgery (20/27), while EA/TEAS was usually conducted in 24 h 
preoperatively (n=7). EA before and after surgery were good for 
POI treatment. As suggested by an animal study, EA up-regulated 
extracellular ion contents to achieve persistent efficacy in gastric 
activity [50]. In line with our experience, EA/TEA can be initiated 
at 1 day after surgery.

Limitation
Certain limitations should be conducted in the present 

work. Firstly, high risk of bias was detected because of outcome 
evaluation blinding, participant/personnel blinding, and allocation 
concealment. Such high bias risk will reduce our data creditability. 
Secondly, most of our enrolled RCTs were conducted in mainland 
China, possibly leading to bias and result limitations. Therefore, 
further high-quality RCTs should be conducted for confirming EA/
TEAS’ therapeutic effect. Thirdly, there were obvious heterogeneity 
among RCTs after outcome analysis. In addition, the enrolled RCTs 
involved diverse control interventional measures and acupuncture 
manipulation procedures (needle position, timing, frequency, 
course of treatment). Besides, the standard EA/TEAS therapeutic 
protocol should be developed for minimizing the inter-study 
heterogeneity.

Conclusion
In conclusion, our meta-analysis results indicate the safety 

and efficacy of EA/TEAS in treating postoperative POI. EA/TEAS 
can reduce time-to-first flatus/defecation/bowel sound, reduce 
POI risk and decrease LOS. Moreover, difference in the efficacy in 
postoperative POI was not significant between EA and TEAS. In this 
regard, more large, long-time RCTs with different sample sizes are 
needed. In addition, the thorough indicators should be identified 
to verify our results. The present work lays certain foundation 
for patients with postoperative POI who seek the appropriate 
treatment and superior therapeutic outcome.

Data Availability
All the data supporting this meta-analysis are from previously 

reported studies and data sets, which have been cited. The 
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request.
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